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25 July 2007 1 COMPACT MULTI-TIERED PLATE ANTENNA ARRAYS 55 July 2007

Field of Invention 5 The invention relates generally to antenna arrays. In
particular, it relates to antenna arrays with array elements with a
multi-tiered ground conductor. Background 10 Mutual coupling between
array elements of antenna arrays sigpificantly affect the performances of
these arrays in wireless communications applications. The affected

performances include signal-to-interference-pulse-noise ratio (SINR) and
direcfo?MPAHWRNBEA kdiRRRR iR%Tc%g%WEA\%épﬁ«E(@% Y. 15
Therefore during the design of antenna arrays the problem of mutual
coupling is an important consideration. Mutual coupling also adversely
Figktoinhihe8H8 dimensions of the arrays in addition to affecting the
foregoing performances of the arrays. 20 Typically, mutual coupling may
degrade the radiation patterns for the arrays due to the increase in side

ThedBveVMRs, ERlatshigene il s CamRitRRARS Y aratie @ BFIGHAIn G IERISS TRdiianna

ar4RUNE A RiaiRMABHRNAIRE AYA SRR YraiRibcbREUGGPace waves,
higher- order waves, surface waves, and leaky waves. Generally for

conventional plate 25 antenna arrays with a common planar ground
Bg@{g}@gm, 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

MBtTReRiaN Sy HaeleEaeiiAlP @b sigR O LINEREFRYSARaHS é%ﬁiﬂ@ﬁ{tl affect the
installation cost of wireless communications systems in which such arrays
PesfermBpRRYIOfdhese arrays in wireless communications applications. The affected
performances include signal-to-interference-pulse-noise ratio (SINR) and direction-

of-arrival (DOA) estimation in the case of an adaptive array.

Therefore during the design of antenna arrays the problem of mutual coupling is an
important consideration. Mutual coupling also adversely determines the dimensions

of the arrays in addition to affecting the foregoing performances of the arrays.

Typically, mutual coupling may degrade the radiation patterns for the arrays due to

the increase in side lobe levels, the shift 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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There is therefore a need for a laterally compact plate antenna array
configured appropriately for reducing mutual coupling between plate array

elements. 25 July 2007 2 Summary Embodiments of the invention are 25 july 2007

disclosed hereinafter for reducing the lateral size of an antenna array with
reduced or weak mutual coupling by pising a multi-tiered 5 configuration.
SumR#iHgular, a common ground conductor, typically planar and single-
tiered in a conventional antenna array, is multi-tiered by folding or
corrugation to reduce the lateral spacing between plate array elements

Emiuld meaiktafiingithertiter arleieios s asiothallr foresQieiag ReNER@NSIze of
aspect of the invention, there is disclosed an antenna array _havin

o PR SV FROMES T AEEK Bl CUPRGRY PG droiyiti-tiered

coRRguenicravVinpAticalsuspenMeshrgaiatarcand R rStgireng sRAEUEHArsingle-
. the first suspended radiator being displaced. from the first ground i
tegBfl ok O RDUPRBNABIEEB. HEMphro BRI SHEISA P LT RN to

rediacantite-rae Jisdingr oy tRlemenitdhe raganas dsaiiayeaieanemhiaying ter-
second suspended radiator and a second ground conductor, wherein the

e'%’&‘%%ﬂ)@ﬂgﬁended radiator is displaced from the second ground
conductor. In the antenna array the first ground conductor is adjacent to

T T T T

hadlisigoseglgralitseasfoardierelenfers athatdarsinbvarra)) tengstigmitary greundray
conductor. In accordance Witg another asBeect f the invention, there

ClREb Y ARG RFSRESNRG UGN AREEAn L SH45PHA iﬁ&’%ﬁbﬁﬁ%i@%ff"ﬂ
suspeRyi&lennkatts, Bbimgrditpdateddroptigioditbiegstepd obmiostioing hefuistearaplso

R B e L A s B
arcgneigatent anadiptoxidingral sespattadraydédement as sdategtdand conductor,
wherein the second suspended radiator is displaced from the second ground conductor.
In the antenna array the first ground conductor is adjacent to and displaced from the
second ground conductor and the first ground conductor is disposed on a first tier and
the second ground conductor is disposed on a second tier to form an at least two-

tiered unitary ground conductor.

In accordance with another aspect of the invention, there is disclosed 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 unitary ground

conductor.
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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. Th&5 July 2007

method also comprises the steps of disposing 30 the first ground
conductor adjacent to and displaced from the second ground conductor,

BABESHsOapEntBE Hratdrednd conductor on a first tier and the second
ground conductor on a second tier to form an at least two-tiered unitary

ground conductor. 25 July 2007 3 Brief Description of Drawings
ErRHRaRALTME UBtRE thodnien e Rk HesrTiPestdn Helahdrerelnritesraice to the

reference to the drawings, in which: 5 Fig. 1(a) is an isometric view of a
dreWingsnidMAIPlate antenna array with plate array elements and a planar
ground conductor, and Figs. 1(b) and (c) are isometric views of two plate
antenna arrah{gs according to. 10 embodiments of the invention with plate

Fig il A A Y Al YOI 0P8 hAIRE AR IR ALY thihapistq array

elaigenef dhe Phteanund asraigisrcamapared with the lateral size of the
conventional plate antenna array of Fig. 1(a); Figs. 2(a), (b) and (c) are

respectively front elevation, side elevation and bottom views 15 of
Figsljagentaplatechrsay @lemarits eavplate vieniag antnndthgayvoatieseding to

AR B AR BRSUGR Goun

CORULRINIS, lwrralsew tHe. |26 aafw.ﬁéag_la@mmmﬁ@zgawwm}oa;ed with the
rectangular plate antenna array according to .em Iment of the
oL AHE WHR (EVARGANS BIALE MRS Chovo-tered.

Figs. 2(a), (b) and (c) are respectively front elevation, side elevation and bottom views
of adjacent plate array elements in a plate antenna array with a two-tiered ground

conductor according to an embodiment of the invention;

Figs. 3 and 4 are plotted results of an investigation performed on the plate antenna

array of Fig. 2(a);

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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two-dimensionally corrugated ground conductor, and 25 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 e july 2007

rectangular plate antenna array of Fig. 5(a) is compared with the lateral
size of the conventional rectangular plate antenna array; 30 Fig. 6 is an
DétHREA IR G yasiations 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

Erfibeiiient 20 ube2@entibletaite didespriptinsrdinabed MaRtsekiBece to the

invention are described hereinafter with reference to the drawings for

drafyitesdpigAEsselny e R Ay chHEHAILY £OMRA AR1EPRb AFIGHrEanTgured

apPREPARBRIFL tetieécGMLtaapRAY DG deatEsefitanlements. Fig.
1(a) shows the geometry of a conventional rectangular plate antenna
array 102 with plate array elements 104 arranged in a single row along

Fighel (Bhghows the aenmetryioa ropiangional Jratanaianitats rayteroe. arFry 102
witR f@@ﬂ%&/"e@éﬁ%ﬁ:@%@@%‘?r&@g@ﬂt%”ﬁé}Fg@’llé 18 aéﬁﬂ]%%fﬁé‘é‘?ae@ h of the

rectangular and single-tiered comimon ground conductor plate

cogmefifienahestangulabpipitsesearaapandod. plhe caniianad ractangular plate
an?é’r{ﬁﬁsdeﬂ iri@;_grae@qmmsﬂaere&@&a@ma@t&hub@iﬁg@am tR&ABHMGBuNd

ground 15 conductor 106. The suspended plate radiator is fed with
cogiga®s #®ugh conventional feeding means. Each plate array element

104 is also spaced apart from a nearest adjacent plate array element 104

by the distance DI, known hereinafter as inter-element spacing DI. In 20

Eagf _ @&3@ tRE Rfteplatenbnl &haeHBPIFes eqjuikarandes |aptats sipdiaiy Land a
coW@é%rﬁaing ground patch, the ground patch being part of the common ground

conductor 106. The suspended plate radiator is fed with signals through conventional

feeding means.

Each plate array element 104 is also spaced apart from a nearest adjacent plate array
element 104 by the distance D1, known hereinafter as inter-element spacing D1. In
this case the inter-element spacing D1 is equivalent to lateral spacing L1, which is
spacing between nearest adjacent 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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spacing between nearest adjacent 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 12%'5 July 2007

25 respectively, according to two different embodiments of the invention,
which have smaller lateral sizes thamthe conventional rectangular plate

saRRIQNIR a@YokRZasiaven tiey biglela@) witte Plate aiesspp@iTay 1pR@s array

shown in Fig 1(b) includes plate array elements 114 arranged in a single
elemRNSoHg the length of the rectangular plate antenna array 112. The

rectangular plate antenna array 112 also includes a 30 rectangular and

two-tiered common ground conductor 116 folded or corrugfted

Eqghg Rl ANt etk riGGRRHIES afd YIRASDEET 1RI3E uFafipar and a

cthé%ﬁtﬁtﬁwdTﬂTgE didoes bb&:ﬁretlﬁbsgﬂﬁﬁw Opagchapeénplane@nadosit agalgher the
tier or level with the corr ondlng late arra eleme ts 114nglethe
CORPESE 6TV h OGO EhRed O SCSBENRF B ERUiaE e AiNrsioRals

thevl@eohesmidevekadinggegasresponding plate array elements 114.
Each plate array element 114 comprises a suspended plate radiator and a

5 corresponding ground patch, the ground patch being plate-like and part

Sintdhae common ground aprdeeien 14.6s Thewasaeded- plat&en@di@tahgs D2 is
B AT s S B TR
1igreaer ﬁham@atﬁéalnwe@lmgdn?. el OPtoding pesratialjacginivalete to the
P e AT S DR ey 102
mamaVeOUprmj; Ietioewguine plate amr@maﬂman thistoadecizuplingorsened or
e e e B T T e
sptvénipterah the smngddalnébam@ﬂaepmahremtaag‘aiawﬂate antenna
array 102.

The plate antenna array 122 as shown in Fig 1(c) includes plate array elements 124
arranged in a single row along the length of the rectangular plate antenna array 122
and has a symmetrical structure. The rectangular plate antenna array 122 also
includes a rectangular and two-tiered common ground conductor 126 folded or
corrugated longitudinally into alternating ridges 128 and grooves 129A and 129B, the
grooves 129A and 129B not being of uniform widths. Specifically as shown in Fig.
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 124 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 plate antenna array 122 as shown in Fig 1(c) includes plate array
elements 124 arranged in a single row along the length of the rectangular

plate antenna array 122 and has a symmetrical structure. The rectangues July 2007

plate antenna array 122 also 20 includes a rectangular and two-tiered
common ground conductor 126 foldeg or corrugated longitudinally into

sinlietmatinentislorsraatershaie@reR s 2RARAJRSB, ther areneas 428%ng D3

and 129B not being of uniform widths. Specifically as shown in Fig.

1(c), .
DSP6E FIRIBIE BP BT APk AR GRS RGP et FRE SRS GFoRs s

gréa8rhisnviagiettRpacing EBIm SERaURStd 2RB AeatesteipREH IEfeaMayLleRMents
two pglate array 25 elements 124 are disposed. The ridges 128 are

124 ¥R e U iissralinsl searng HiRemserhsialiinlirapvalent to the

inkereRsnONdipacigteariay ete o icdavhilgdnfpiopkes dR&Mhaatray 102,
129|3 are also dispose@erc))n a same plane and form%_lower tier or level

MGHA! GRERBIFRGOS e %{%eamyélsmmlfﬂn IEGRS7 hitatapyened or

ineleant Thk ¢ompsisesnathvsge tterhtelalepaciador sulsaliresaoEtingteral
q 8round p late-like and forming part of the

atch, the ground patch bejn
PRE ot B RO RO T tanalr s RS et s the
tweigials dhagugbreemyerionattieading m@anse 22JAlyiRRHéldnsinedibing D4
common ground conductar 126 is corrugated, inter-element spacing D
o TR SRR} EFRYAIER o 3 B ISR U AR OL TR HHter-ofement
spaeiniga g epeMatdral gpreiag (b rdatecdlspacing L3 in relation to two nearest
adjacent plate array elements 124. By having the inter-element spacing

D3 being substantially equivalent to the 5 inter-element spacing DI in the
Figorny@htzbqlarecsingsHanjatenatieanaarsayctiidl deuitadtaugdiaggular plate

oS gERY TG (ST, GBI N B e i
actiedmigtalasatioditdem YfeleomventionalSeciangtaodiaienaiseonsiakiy for
ST W RS A SRR SRR DR PP Sues
used for plotting results derived from the investigation, and forms a basic cell or unit
from which larger plate antenna arrays according to the embodiments of the invention
are formed. The investigation is therefore for providing results that are used
hereinafter for substantiating design functionality and feasibility of the embodiments

of the invention.

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 206A and 206B, respectively. The
suspended plate radiators 207A and 207B are fed with signals through feed points 208
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10 and lateral spacing L4 are equivalent, and may also be equivalent to
the inter-element spacing DI and lateral spacing LI, respectively. Figs.

2(a), 2(b) and 2(c) show geometrical and structural details of a rectangréaguly 2007

plate antenna array 202 and two square plate array elements 204A and
204B therein 15 according to an embodiment of the invention. Such an

vigrehadintionhisreadial ustadJor InvarigationHeu mgsesrijti eefRO cdiAaand
coordinate system with X, Y and Z axes used for plotting results derived

200 BPRe I A8 LAYSNHARIoFARENS BA4NY EAPSIAY R mAILR R surface

mélaieRaRpRRA(BMRAICcading e thedEmiiatipogniscafithe Ve Hipghtaref the
formed. The investigation is therefore for providing results that are used

SUSRERRTEiRLAE RGBS g dOLRRIRTMBHOR AT SIRATELSIRRYBY tRiches

208 kedinTBBSrahtievaNeato tetthaireatisaidad Maedantemadiiay 202
includes plate array elements 204A and 204B that are arranged
adjacently along the length of the rectangular plate antenna array 25 202.

THNRIFEGHNGH B PIHR AT 3 AHATNRA 2R IFO ARGIHALS PreeplakRaatal aflsent

two tiered common ground conductor 206 folded longitudinally into three

2048 arlaraiesh akd- Nedohidd P dhe P 1ais Aoy S msRt WA tRaf freh of the
suSPERtEdOwEaBNGRriateray 7anitaey - 0T o9 URERAChES2ABHANH 286% the

form lower and higher tiers, respectively, and ground patch 206C is a
C%ﬁ%ﬁ&ﬂﬁ“@ﬂ)&%’ﬁi&ﬁ%ﬁﬁ@ﬁ%ﬁﬁg&%é GPoRRfdIRlthes 30 206A and

206B located on different tiers. Each plate array element 204A and 204B
comprises a suspended plate radiator 207A and 207B and the

Figorie SHONSIiNeE g FOIMETRARHRRMWBRIA AR YEER M spaMlatag . rrarameters in
reRifiRpPERA At RIRIEI sAPRIRraBf ARty @08, areeacwitosiobadretiiioH Ibktween

feed points 208 25 July 2007 7 via conventional feeding means. In_this

MEARYKERENbIaRE SRyl IS ARIBIDAN JHef SUMRAHSETEH Ui tHBlCRRIIRIor the
caBeSaNRHIA NG EQRVNR R ORI Q SRERIEN %éaﬁﬁz_d")ob!ﬁ@eg 3@BAIRES common
(SMASs) 212. The feed point 208 locations and heights of the
ground conductor 206 (6#=90°), where distance d=2s is varied, is shown in Fig. 4.
Mutual coupling in the case of the step-like common ground conductor 206 is weaker
by greater than 10dB than mutual coupling in the case of the flat common ground
conductor 206 even for the smallest lateral distance d. For the step-like ground
conductor 206, the distance between such elements are much larger than the inter-
element distance d due to the height H being preferably approximately 0.54;, where A,

is the operating wavelength in free 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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suspended plate radiators 207A and 207B above the corresponding
ground patches 5 206A and 206B, respectively, are determined for good

impedance matching. The junction ground patch 206C is inclined at an g July 2007

angle 0. The plate array element 204B is located at a height H above the
plate array element 204A, and each gf the suspended plate radiators

ErRBdArmat2Qf Bifie loppdptont mBgiakt Aptiededitantéyeatisbprengitna array
round patches 206A and 206B, respectively. Fig. 3 shows the

g . .
appliABoRiS ol PAHRER A4S ReE AR G RRER! ST ARG SPmereldsfapy ve
arf@glangl iuRiple-HpenmalapRYcd it RuMehe 8RO correlaligil deteesdaptive

measurement and simulation is obtained. The comparison of mutual

ARy pRHG HOH ¥ ds B alles WAHAEa THAY CRFRYH YOLSATRBIRAbE RS0 8 (YLEless

CORMTE LA R K S ABRTB O Bu EH AsNS G U Bt RE Gy EdeRBbrwhere dlistaneireless
d=2s is varied, is shown ip@Fi .. 4. Mutual coupling in the ca}i]se of the
0

COLEMNIERIR MG GRBUNG 2685 YR Greete YAl 1658!ing

betignshéualeonplingys Hhe ease ofdlaenbatieemnpeovensamdnqsrertances of
206 even for the smallest lateral diﬁtance For the ste -I'Ikle ﬁlro nd 20

the BRIRNGRHA"506, AL TR IAAEBRHNLRR 5 AR of Q¥ Hin

the inter- element distance d due to the height H being preferably

approximately 0.5Ar4 where Ar i the operating wavelength in free space.
INEGE. SPESOGHPs ERaREw & tAIPEe B IASOABIR B AT We SO Gb e
apprépriarly foara&50g acceat tow bt @ fostheee plbrdimantkhibetdrvelididosed.

S e BB B A Bl
appHerostopopatseki deteinnie, dapier edeslodimbisoiestssuee thanarabzsud BRanges
R e R ISR A R D SR ot e
inteetidimerraonatymplurugdiedslate antenma areyg imeglabenctmstructed from
e A e RO L LS oy B g dech s Log s
el lipeeytpblgtena, anequtiy greaiersthaeRadRiorefreagbéaiasellticnenamnad§le with
reélrlJJéXt%g %rresponding ground patches. Radiators may be fed using a coaxial line, a
microstrip line, aperture coupling, or waveguides. Junctions between two nearest
adjacent ground patches at different tiers connecting the same may be of any shape,
such as S, concave, convex, or multiple-step as shown in Figure 6. Common ground
conductors may also be folded or corrugated to form multi-tiers as shown in Fig. 7,
therefore providing for multi-tiered antenna arrays. Common ground conductors may
be constructed from perfectly electrically conducting and dielectric 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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8 Embodiments of the invention may be applied advantageously to

antenna array applications, in particular, large-scale military phased

arrays and commercial adaptive arrays and multiple-input-multiple-outpyis July 2007

subsystems. For example, the adaptive arrays presently and in the future

may become very commonly used ingvireless 5 communications systems,
CRliglR as 3G and beyond generations of cellular wireless communications

systems. The reduced sizes and the suppressed mutual coupling benefits

the antenna arrays and even systems with improvement in performances
1.0f thaanfelARaakiAYp ARdtged eslueting iortheriystalaiéars SHRcantentitiagay

in low, cost. 10 In the foregoing manner, a laterally compact plate antenna
COMPAR'E8nfigured appropriately for reducing mutual coupling between plate

arraysefarieaiays élisaretavivghaughoniymsnbetptamiadiments bound

the inventjon are disclosed, it becomes apparent to one skilled in the art
COMY o s oD URE: LD boRe SRlaSh 1o, digund
cobgutr@eteamithout departing from the scope and spirit of the 15 invention.

For example, radiators in antenna arrays ma t?construct d from

b
perfe%ﬁﬁ‘@%@tﬁéﬁﬁﬂ%ﬂ%c‘ﬁﬂﬂ%ﬁ B ih{neAiskaray Hemet tis gigeond
artsipnritemnepang, Pobigansudpamdedratites: Ratiataompyroarasietegctor,

at any angle with respect to corresponding ground patches, Radiators
W L s RS aed oo AN EGPIL i capuctor,
wa&/?fgh'eda'& thmcﬂ'r@n:gmmeeommoeaseimaefadjﬁcﬁtmgmm@%@@tm the
at different tiers connecting the same ma of an ape,,such.as S,
Se L RN, RSP ATH: 1 LESl OARUR AR 18P G565 BRch b lRgand
thezadoiadogsomnay @ladustofoislelisposarbrgatesctmfotizr multbinrsnast seasynwo-
ig..7, therefore providing for multi-tiered antenna arrays. Common

. in Fig..7,
t'eé?g &%@frﬂf%[@rg% @/CtBE constructed from perfectly electrically

conducting and dielectric materials, or 25 printed circuit boards (PCB).
Antegna arrays may be planar or conformal with curviform surfaces echh
f & mediately

2 tier bEl1PIENE BT LORTIMSE Wich LURRERN SR ALY HIR) Do ¢

adjacent to the second array element.

3. The antenna array as in claim 1, wherein the first ground conductor is

continuous with the second ground conductor.

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.



10

15

20

25

30

9 Claims 1. An antenna array having a plurality of array elements, the
antenna array comprising: 5 a first array element having a first suspended

radiator and a first ground conductor, the first suspended radiator beingg July 2007

displaced from the first ground conductor; and a second array element
being adjacent to the first array elemgnt, the second array element having
a second suspended radiator and a second ground conductor, 10
wherein the second suspended radiator is displaced from the second

8. grourl e BAIBH A ARGRIR BYITrét YRTALD dBR ARk er nipateh s Fapruous

witisplasesbfi@gidhed peeend ground conductor and the first ground
conductor is disposed on a first tier and the second ground conductor is

disposed on a second tier to form an at least two- tiered unitary ground

9.condpctatethbd? fdheGHTigONARAAY adselinglairay, MVeRgirathRuESArGFY array
element is immediately adjacent to the second array element. 3. The

ele/REaHANS MRS iFP8) fﬁsi'%g\yvh‘?esrt@mm'e first ground conductor is 20

Clontiplctﬁuﬁhi Kgth ﬁiﬁﬁ@ﬂ@?fiimmetﬂdrﬁvn@éffnsﬂ-sﬁ&t@r?@?ﬁﬁ@ﬁﬁ@drﬁﬁéﬁirst

claim 1, wherein the.inter-element spacing between the first array..

O BN A et USPEY AL AR DRSS oA e O 2F st prgun

coirgbetween. 25 5. The antenna array as in claim 1, wherein the antenna
array is a plate antenrlgglaarray 6. The antenna arraﬁﬁls inclaim 5

wherBiRYA40Y G HRERSALAY SLEBHY &rafiass i iontidiStP PrMeF IEmaDt the

seet@ineftay element having a second suspended radiator and a second ground
conductor, wherein the second suspended radiator is displaced from the second
ground conductor;

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 unitary 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.
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7. The antenna array as in claim 6, wherein each of the first and second
ground conductors is a ground patch. 25 July 2007 10 8. The antenna

array as in claim 7, wherein the first ground patch is continuous with thes july 2007

second ground patch. 5 9. A method for configuring an antenna array
having a plurality of array elements,jthe 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

Yiirst gtBEITFLRBR A8 b a B! droviame S I88chsFish &) Bravidingarachlctis: first

an® S hsirayalcpieme s dpgatseeRNt RiFRYItElement having a second
suspended radiator and a second ground conductor, wherein the second
suspended radiator is displaced from the second ground conductor;

15lisposhronibg ddsdsonedRensand uetapslirr et seguod gispiaredeliciminge first
second 1%}8(510%(1 onductor; and dd'sgoiing the first ground conductor on

ang fecPRd LM O WAL GPANGUB or on a second tier to form an at
least two-tiered unitary ground conductor. 10. The method as in claim 9,
wherein the step of dispqsing the first ground 20 conductaor adjacent to

16and dlBBITELROAGH e Rk CORRUEN HEISER-LARER ARG first oround

paddhass etemensuswiedintalycadipganin ghersecond 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. 25 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
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15

20

greater than the lateral spacing therebetween. 30 13. The method as in

claim 9, further comprising the step of providing the antenna array as a,g July 2007

plate antenna array. 25 July 2007 11 14. The method as in claim 13,
comprising the step of providing each of the first and second array
elements as a plate array element. 5%5. The method as in claim 14,
comprising the step of providing each of the first and second ground
conductors as a ground patch. 16. The method as in claim 15, comprising
the stedf praGding Wie TitsT ¢ BdD pdtdhTds AdviikNNAWERRA ¥econd
ground patch. 10 COMPACT MULTI-TIERED PLATE ANTENNA
ARRAYS Abstract An antenna array having a plurality of array elements
Alsutectiosed. The antenna array comprises 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. The antenna
Arlataomprisghavierapiuaalidy efemeytrenegtadjaistiotedhd fiestraerag array
SRSy R Seranchatanelementhavina a secand syspender radiaierong
a5 %s8cond grotind con u@tor,%ﬁereln tRRCEEoN suspended radiator
coisddigtplacte friorst thesscedd gubatod dmnuy ctisplactde foventne tHigstirground
round canductor is adjacent ta._and displaced from the second groun
e o e TR 0 SR TR e
firseauny ejevoerd, dbadectod isrdipmdamdndina secasdciad sosizrmdeiradibtastnd

a \é%%ﬁl?b(?gﬁﬁoggﬁdﬁg{?)qu \%/ﬁ?greli:rilr?rwse%(a%)o%% 2sgjcs)pended radiator is displaced from
the second ground conductor. In the antenna the first ground conductor is adjacent to
and displaced from the second ground conductor and the first ground conductor is
disposed on a first tier and the second ground conductor is disposed on a second tier

to form an at least two-tiered ground conductor.

Figures 2(a) to 2(c)
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