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comuni cations. Background The use of broadband
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applications, as well as separate correspondi ng
C|rCU|tr|es for supporting the applications.

ﬁf?tﬂngpﬁlly, there is an increasing demand for

er an portable br oadband
The invention relates generally to antennas. In particular, it relates to a broadband

antenna for wireless communications.

Background

The use of broadband technology is becoming increasingly popular in wireless
communication systems. In particular, broadband technology is used in multi-band
applications to support WLAN, WiFi, WIiMAX and UWB standards. Separate
antennas are typically required for each of the WLAN, WiFi, WIMAX and UWB
applications, as well as separate corresponding circuitries for supporting the

applications.

Additionally, there is an increasing demand for smaller and portable broadband
wireless communication systems. This means that the antennas and corresponding
circuitries of conventional wireless communication systems are required to have

smaller dimensions in order to facilitate the miniaturization of such systems.

However, conventional wireless communication systems either do not support multi-

band applications or are not sufficiently miniaturized for such systems to be portable.

There is therefore a need for a broadband antenna that is dimensionally small and is
capable of supporting multi-band applications for use in small portable broadband

systems.
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wi rel ess communi cati on systens. This neans that the
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smal l er dinensions in order to facilitate the

m ni aturization of such systegs. 25However,

conventional wreless comuni<cation systens either do

not support multi- band applications or are not

SymMadYent |y niniaturized for such systems to be
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smal [ an
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t he |nvent|on are di sclosed hereinafter for broadband
appl i cations having a snmall dinensional size and

bambtden@f weth plorst bmgocﬂimeni obtdnepypionc ticreonslifadrsedsie antenna

br gadb
(oAl 4 Porb Rl Baphds Naprep Lo Rl IRECLTNNE Gas a first

dhrelrospstian al@pl@&raaﬁmr ﬁrqﬂizb@qdoplaae groandnteh@nalsh Aas a second
W rel ess conmuni cati ons. e antenna has a first

gructiee apwpletex thalfirst sgpepreaddxtandngaavepyolion the aieand plgae. The
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ﬁ}saﬁmctﬂ'b e;eﬂz&eammeemrra sfructtivedhias g@uhdipradle; St\hé ltlﬂtd.lsrtﬂlcuu e being

configured for dlsp03|n at least a portign of th
ropadeleipyip £l AN teris THIRY disPaescLramaia Seiad structure

Ql'é %QMdthl @ﬁne Lhe tl{eht'th sthEEt Wl % Flﬁéln&)ngr Qféﬁg‘égefegnomagnetlc

groun ane and ei ng spatl dlsp ace

d:dwlmgdmm:l)esfaﬂremcfbufoemutg’nensgmm doogt rMotempemﬁnajlyf, hlectromagnetic

i.rd structure b i nter nfigqu
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field generated by the firs tructure and the second
gomube Orse S@t@Ehandn’algdwettuC@abS y couples the third
structure for inducing generation of broadband
el ectromagneti ¢ waves fromthe first, second and third

Bt #d¢6Eddh@Sa skdbndChodaner oF (5eanRAaLeThpgE meatscbed henethod for

i nvention, there is disclosed a met hod f or

configuring an antenna formable on a ground plane for wireless communications. The
method involves spatially dlsplacmg a first structure from a ground plane. The method
also involves coupling a second structure to the first structure and extending the second
structure away from the ground plane. The method further involves configuring a third
structure for disposing at least a portion of the first structure between the third structure
and the ground plane, the third structure being grounded to the ground plane and being
spatially displaced from the second structure, the second structure and the third
structure being inter-configured for electromagnetic coupling therebetween for forming
a magnetic loop. More specifically, electromagnetic field generated by the first
structure and the second structure electromagnetically couples the third structure for

inducing generation of broadband electromagnetic waves from the first, second and

third structures.
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20 configuring an antenna formable on a ground pl ane

for wireless conmunications. The nethod invol ves
wospas/imhioy di splacing a first structure from a@UsE2008/000216

pl ane. The nethod al so invol ves coupling a second

structure to the first structure and extending the

second structure away fromt ground pl ane. The

nmet hod furt her involves_confiquping a third structure

lpcﬁccwdgws\wﬁlg aghirg @g@pdl@eﬁbpf ihgringgntippetheserigidisclosed an antenna
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second structure, the second structure and t third
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More specifically, electronmagnetic field generated %y
dgrhvendf plpst.  Baqhuddttbe eluaaldy phentswwe ddtlst hag  tiried structure configured

| ectromagnetical |y coupl the third structuyr or
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2008/ 156429PCT/ SG2008/ 000216 3 In accordance wth a .
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an. . r g i rel .CO i I OPS. , .
IR A0 35 Bt Gh I LS55 6P TOULSRII 05 TR o masnete
Isoip.f &0@s speudfieall icadrorhyorefic dRidegyrtatdObyrad Bt tligcture and the
surfaces of the structure. Each of the pjurall&y of ,
SAVERTIRS ER RISF i yBaERlIEg ysqoupies (s tid sEpgtifeaior ynducing generation
é%‘b?&id%g&{jelfe&ﬁdﬂl%ng{ip WAdeP @A &g, e RR8 9[5@' it WGLHES.
coupled to the rst structure and extendi ng away #Fom
t he ground pl ane. Each of the plurality of antennas
égrtﬁer has a &Fird structure configured for disposing

ef ReScripiop Of Draings the first structure between, the
EbsAmShis WHtHE Snaptod At REQ1RE iRliaRf hetdigattehivith reference to the
structure being grounded to the ground pl ane and bei ng
&paingal ihyldélspl aced from the second structure, the
second structure and the third structure being 10
inter-configured for el ectromagnetic coupling
ftiber ghﬁsweFaslﬁeQﬁvé Ofefll GYhnGanfE@n BhViGg b @BEtinYBVA, radiator and feed
specifically, electromagnetic field generated by the
plpte strugfiiepeeQiidengdad firpleenshadanent of fhgdpygngion;
el ectromagnetically couples the third structure for
i nduci ng generation of broadband el ectromagnetic waves
Fipohsiidwe o plas viewsetba antamdh dfthig.d; st ruct ures. 15Bri ef
Description of Draw ngs Enbodi ments of the invention
are described in detail hereinafter with reference to
tibes AW NG vie® WMhELhtenna of Fig.9, 1 shows a
pérspective view of an antenna having a shorting wall,
radi ator and feed 20plate structure according to a

R A L T A
i eWdHatk BRuANRREGdRs thbther dinbddifiend of ARWEVStdR; Vi ews
of the antenna of Fig. 1, including exenplary

configurations of the feed plate structure according

lgiof. tshaerra%m%%irrlre ﬂltegag'gd }el?llerllllor]ﬁ\é%ﬂgrhanfistﬁl%(}'theSalitg’nn (}f Fig. 1;
glz’a R %6 ng neasured return TOSS characteristic o
the antenna of Fig. 1;

IFigs. 6a to 6¢ are graphs showing measured radiating patterns of the antenna of Fig. I at

5.25 GHz, 5.6 GHz, and 5.8 GHz respectively; and
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WD 2008/ 156429PCT/ SG2008/ 000216 4 Fig. 7 shows an

antenna array for providing an omi -directional

wocnuetsag in a desired plane. Detail ed Descri pdTesG2008/000216

5Wth reference to the draw ngs, enbodi nents of the

i nvention involving an antenna are descri bed for

br oadband appllcatlons haV|ng a small di nensional size

nd capabl e of su } I|'ti-band applications for

(18e” SO ANpRMY PR AR AN SPEHEHHECUGHGE CQNFFERGsiBG desired
Qfndrevity and clarity, the description of the

Invention is limted 10 hereinafter to broadband
appllcatlons Thi s, however, does not preclude
ﬁt qquents of the |nvent|on from ot her applications

fatled DGGTHES i | ar operati ng performance as the
pridaeRende aPikidealingf embbafndnidn&t the RdlenBén HEbRi®San antenna are
fundamental to the énbodi nents of the invention remain
deyeribegnfor tbmaéb@;wompltch@mvdrawmgsa embl diimentenal size and capable of
sulpg(g?uexg ngz 1|1(? al?Phan%%‘}s aln%sléqum S %ﬁﬁ ﬁgﬁgbqr k O%ngljlr(ll osfystte%lg.
draMAngs herelnafter wherein |ike elenents are

identified with |ike reference nunerals. Fig. 1
korpayippesst Pl drepmiwasd deritinthh rﬁ’éscm@loac%rﬂéﬁ h’g"eﬂ‘BOI& s limited

lﬁdéeélﬁéﬁe‘?@%% g?!d{qh&éi 102@01{5hefh'léq\ﬁ%%{/é)rndoégnfotf %Cg&ié" di¥bodiments

scription antenna 100 is nade wit erence
¢fothamuengasi sromaothenxpgicanchsahat- @ylise efnikr openatmg performance as

B RS 2N Bhe 25 SRR S s P B S s
§MBE ﬁ\%&d{bn rEhRirAME 8Rna (O e aNRE I@ﬁ&ﬁ%&hﬁ&% t hat
are interconnected and inter-displaced for

supporting applications in high galn broadband

e G T s R Y
@ Oo¥thé BRWEzsHeddiBafteF heh&biar fkie Rgentd@ld ard Gdentifisd afltﬂﬂm(%tlefelence
edge 104 that is attached to a radi ator 106. The

mgekralsor 106 is formed substantially parallel to the
Xy-plane and is connected along the first edge 104 of

the shorting wal] 102. This neans that the radiator

Higs! shepg pe@erspective view of an antenna 100 according to a first embodlment of
the invention. The following description of the antenna 100 is made with reference to
an x-axis, a y-axis and a z-axis of a three-dimensional coordinate system. The x and y

axes extend along a ground plane 110 and are coincident therewith.

The antenna 100 comprises structures that are interconnected and inter-displaced for
supporting applications in high gain broadband wireless communications. Specially, the
'antenna 100 comprises a shorting wall 102 formed substantially along the yz-plane.
The shorting wall 102 has a first edge 104 that is attached to a radiator 106. The
radiator 106 is formed substantially parallel to the xy-plane and is connected along the
first edge 104 of the shorting wall 102. This means that the radiator 106 and the
shorting wall 102 are substantially parallel and perpendicular to the ground plane 110

respectively.
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30shorting wall 102 are substantially parallel and
per pendi cul ar to the ground plane 110 respectively.

WO/MDLB879156429PCT/ SG2008/ 000216 5 The short i rE™@t2008/000216

102 has a second edge 108 that is opposite to the
first edge 104. Additionally,_the shorting wall 102 is
connected to the ground plane5110 al ong the second

edge 108 substantlally parallel to the y-a
Brndioripg agll Hrehaser s¢r@ne ggec 168 t]éﬁdst%’éo?@d‘ioa‘thérﬁrito@ge 104.

R{icﬁggha?%'&ﬁéecé‘l JIM%g? ROt &b 10 cc91 19&Ee oy 'tl?e %H)%n ofgé{{égé 1q along the

durin operation o ante
xﬁfzoﬁdled:&htﬁ& subgtan@dily 02 lednad tiehe agiadilatooier MG ds, sthe second edge

e bly pl l'i ke, and has a rectan ha e.
BGHEL G wabior 165 s Sl T i6pha ehaisth o N a: Stole Taringd Plane 110

&nmotd @gmehla%ﬂ{era%enﬁmw) for supporting the radl at or
P he shorting wall 102 allows the radiator 10106

to be m niaturi zed. The antenna 100 further conprises

8P B S E L S W B B PR o s«

REGLEANA shafe. ThesHoe@th whidt €2 stadelatyey kdpacapRiWigeshoRting pins
first portion 114 formed substantially parallel to the

et Ploarne fassuanertiagsbeuiitqrol06i orhesshertingtsalhh@d allews the radiator
Rﬁf%%enknu& QS yz-pl ane. The second portion 116 is
arranged su s antially perpendicular to the first

portlon 116. Specifically, the second portion 116

extends from one. edge of the first portiagn 114 th

Pheoxtern KR UEherOmgisiat feed @3t starters ke Thediesd akate structure
L
Emdtla;ed:bhdompmmtmﬁlef roén 1 Hbfoaxmtémmbstenm@lly para Iel to the xy-plane
and a second portion 116 substantially parallel to the yz-plane. The second portion 116
is arranged substantially perpendicular to the first portion 116. Specifically, the second
portion 116 extends from one edge of the first portion 114 that is proximal the shorting
wall 102 towards the radiator 106. The first and second portions 114, 116 of the feed
plate structure 112 are also known as the first and second structures of the antenna 100,

respectively.

Alternatively, the second portion 116 extends from another edge of the first portion 114
that is distal the shorting wall 102. The first portion 114 and the second portion 116 are

preferably plate-like and are arranged to form an L-shaped feed plate structure 112.

More specifically, the feed plate structure 112 is preferably formed, but not limited to,

within a space created by the radiator 106 and the ground plane 110.

The first portion 114 of the feed plate structure 112 has a feed point 118. A feeding
probe 120 is connected to the first portion 114 of the feed plate structure 112 at the
feeding point 118. The feed plate structure 112 is suspended above the ground plane

110 at one end of the feeding probe 120. The other end of the feeding probe 120 is
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20respectively. Alternatively, the second portion 116
extends from anot her edge of the first portion 114

wottoed/136829di st al the shorting wall 102. The fi rPgtr/8G2008/000216

portion 114 and the second portion 116 are preferably

pl ate-1i ke and are arranged tg form an L-shaped feed

plate structure 112. 75 More specifically, the feed

plate structure 112 is preferably fornmed, but not

tanmpeted threushnihengraued plsned 1@ e atlé@lObfyeqUﬁeCYr gIngeter (naehown).

?Ped%te ﬁ%%m%‘é”r%% &?er%@&aﬂ;%co x1a ogrtl on 114 of the

e struc has™a p0|nt 118. A
feedlng 30 probe 120 is connected to the first portion
114 of the feed plate structure 112 at the feeding
pigp-rt andh § shork@ Hlaseuiep) Hde %tifr tietiefethg aptepip bQ%fféPFc?é‘dely With
0 I e fy
BSOS, T, 00 Sl SR D van
ViR 2&08Me152&149291P¢1176 S@0p&i0Mex2 tbe Gec:tmdnlantleld Itibr ofudie feed plate

the g Ian 110 to a radi o frequenc nnect or
S(lmstu'%ﬁg’rfmr thendhorghgial 18 ?arfewféf@nrlijlypr%r@e?é%riwhaoté@ and are

Q %qm@m ggggei Figs. 2 and 3 show a plan view and a
de vi éw of the antenna 100 respectively. Wth 5

reference to Fig. 3, the feed plate structure 112 is

ce art .romth hor t t h
RE o538 Fifrphe tretn apr el de S Mateoirupage 2 bas a
rfeed£ad2 RhAteRieplg b‘l@hgjEl@11@@(?01@%95&1&@11]2%[41l'eﬂ@) el laxiOBstal the
are substantlally paral l el to each er and are

eep@patoedl By dhdisspamben @r gapWetweanetherfsgecedgeol 4 gf thye second

S r f the feed plate structure 112
ago%?ﬁ$§ej@g &J%gb%@ﬁ 97extends along a direction

substantially parallel to the y axis distal the flrst
Eortlon 114. The separation or E between the fre
]

#en ! 1ho rahaten 06 sberbiare gk | n anh hecdfiat ikiesereiu] Baigpns 114, 116
%18@’ 'fgerc]l 2 és%ﬁ@&lli]e ‘PE?.E] <4 -%@th@i] Q% su%h%rstrédwng’ﬁ@alr triangular,

Irst an ortions 114
elliptical, semi-elliptical or other polygonal shapes The radiator 106 and shorting wall

102 are also known as the third and fourth structures of the antenna 100, respectively.

Fig. 4 shows other embodiments of the invention and side views of exemplary
configurations of the feed plate structure 112. Additional portions 400 are shown to
extend from one or both free edges of the first and second portions 114, 116 of the feed
plate structure 112. The additional portions 400 are preferably a plurality of plates

sequentially inter-coupled. The second portion 116 preferably has a rectilinear shape.

The electromagnetic coupling between the radiator 106 and the feed plate structure 112,
especially between the free edge 122 of the second portion 116 and the radiator 106 for
forming a magnetic loop therebetween, allows the antenna 100 to be used for
broadband applications. The presence of the first portion 114 of the feed plate structure
112 increases the capacitance at the feed point 118. This is to compensate for the
increase in inductance at the feed point 118 necessary for broad bandwidth operation.
The manufacturing tolerance of the antenna 100 is advantageously high due to the

broadband design.



of the feed plate structure 112 has a geonetrica
shape such as rectangular, triangular, elliptical,

wosns/tekd9i pti cal or other polygonal shapes. TH€ET/SG2008/000216

radi ator 106 and shorting wall 102 are al so known as

the third and fourth structures of the antenna 100,
respectively. 20Fig. 4 shows ot her enbodi nents of the

i nvention and side views of exenplary configurations

b 1 e graptyshomanemsasugrd igkusn lose PRAEGE{@MWUC@& the asyenna 100.
Tllll,]e al cnnaflagndpagg%lgnd }gdral{ugﬁovr\ntf)lff banff‘[’{)ﬂ[tpf); e‘GI-eiz g)dmow than 10

@Hat fr $$,f|uetsutiRn1d?. dBhelmddtitibQn@dk Ap@nhh 01r(|)$) 1443;021 avedl-matched
preferably a plurality of Iates sequent i al
HCARNCE GiAdt b Cl‘ﬂ*i@“@é%‘éﬁ’ﬂ“’p@ Atbaagwitipohh @f“ezrtﬁtﬁ GHader gl less
%gﬁtmﬂﬁyear shape. ?5 The el ectromagnetic coupling

etween the radiator 106 and the feed plate structure

112, espeC|aIIy bet ween the free edge 122 of the

ec portion_116 and the radi ator formn
/?ragﬁ gvpciny %&p thEtceBREWEE A MValt% %Wﬁﬁéﬂ%ﬂiﬁénﬁapﬁagq gnatching

(hﬁl dé?e‘?lgtlé & cRELARERRRLY 9@&1'5'0@@“'50(8% 3STHAZ P 82 R5.93 Qsz and 5.73
first portion 114 of d plate structure 30

m1?88ﬁhﬂeasm§ théSnbbatMmandé @B fﬂesmeedSﬁonnheﬂaﬁnna10015

Thi is to ¢ ensate for the |ncre

PR T B R T8 T Sbeeby yOF BRAST AR ARSI BT R Max and
OPgs atah@hds & ﬂﬁth@ﬁz‘fbyfa@%rﬁﬁ%d@gslp Qlligi aeLthefnebd €orairp&ARantennas
100 i s advant ageously h due to the broadband

aj@sqogﬁsponmgzb@%bapgmglfn@w S&2008/ 000216 7 Fig. 5is a
graph showi ng neasured return loss | S| characteristic
of the antenna 100. The antenna 100 is capabl e of

opercattd 6@ ats driphs shobaRdnedtikrdefididuly gadtenisaf R‘D:R:&ofmh@fbtlc waves
10 Gz for SIl less than -10 dB. | n addition
gheetidbyibe Mmigena [RR I theafzcMale Mifp¥diAtedim @%rﬁ% 5.6 GHz, and

%g?ﬂg;k%é&%]?ha 152 ["69 t@6p§fgg‘%(ﬂg|§tag éd@"ﬁg g&teq’nWoss a broad

l'ess n wn in Fig
mtiendib. TOOpdriLam mébtlmdmtbcrge@ternm&dlﬁemrt’m ghplage.
characteristic to cover frequency bands of 5.15 to
5.35 GHz, 5.47 to 5.73 Gz and 5.73 to 5.88 GHz bands

Ef,l% flc%']ly | @d@sgatilh‘?@ depéhddB o hhé sPRamSthehabukd @it BIN&/hile the
10 capabl e of supporting mul tl-%and oper ati on

nmnneakﬂﬁ) bfs MW4AN,o W?b@:a]wmxtlwdnmm@nathdm sight] due to the

t hereb vant a eI| ates the need for
sopare sivaindg thateart SAPoRGrg5aDEe tairqerers to @ conditon

Gh&iE Yelk 1088 is found along the z-axis, i.e. & = 0° or bore sight. The maximum
squinted beam is conducive to indoor applications, especially when the antenna 100 is

to be installed on a ceiling.

The radiator 106, shorting wall 102 and feed plate structure 112 are made of electrically
conductive material with low ohmic loss such as copper, brass, sheet metal and

aluminum.

The various embodiments of the invention are designed to provide a compact antenna
having a broad bandwidth and stable gain. The antenna 100 has low manufacturing

cost and is suitable for implementation in portable devices, indoor or outdoor access



__.
(93]

Figs. 6a to 6c are graphs showi ng neasured radiating
patterns of el ectromagnetic waves 15 generated by the
woazongnisaz9l00 in the xz-plane and yz-pl ane at PABEANMS/000216

5.6 GHz, and 5.8 GHz respectively. Figs. 6a to 6¢ al so
show stabl e radi ati ng patterns across a broad
bandw dth. The peak gain is found to be greater than 6
dBi in the xz-plane. Specifically, the gain is
Rrapa ndisih MIBHOt pplisptyqns othat ie1pdrys uMd M Bin VAL wWilfie and UWB
&mﬁ\ &0 antenna 100 has a 40 to 45 beam squinting

e fromthe bore sight due to the asynmetrica
structure of the antenna 100. Beam squinting here

rs to a condi tion W@f peak.gain is found al ong
Iﬁe ZS 18%/‘55311 imt%nnaoau:ayo chol?l@V’éi Iljghill’l O-til‘H)é Hﬁg(t (}Pﬁ overage in a

SQHENLEHe beam dx§en§19'ﬁ%f'7\’5@ cbh 'r@&%ﬁexﬁﬁﬁ! difélh 96@ arranged on a
especi ally when the antenna 8 Is to be installed on

odyelOlimging2yelMesideadDat Bachi@Bhe shave sides 1@ ¢f tmzocan?i)l has at

kR auRe R &Rt 7 e Pl it Eifep e Hoviding omni

&g@g@ﬁmcbvaﬁgamahﬁ@kmnetaI and al um num 30The vari ous
enbodi nents of the invention are designed to provide a

conpact antenna having a broad bandw dth and stable
gain. The antenna 100 has | ow manufacturing cost and
Moresgjict dishiy, ftbcr fdlﬁgﬂimntnatai 8N 15 squloast thb laetedea elemsnt 702 of the

i ndoor_or cess

087 58 2T SEOUEF DELE dBdh s OR e that covers a
@PRlN §&kdronghé h@é o T byt e - WMV antdMANrradY 70 153'&93' chM¥B that the
standards. Fig. 7 shows an antenna array 700 fo

i}Jﬁ@Wachlwg HW bﬁfﬁ'@l’ﬁl@lr¢1€€@t1©1@ﬁh&DV@Q%FIHQ@CFW%N&B@ d@@, isylesgpantially
h ni NRJLses antenna
QF&HS%PI ﬁﬂg’afgé%a% on aZ%”ﬁ%jfﬁ%lhaving twel ve
sides 702. Each of the twelve sides 102 of the body
701 has at | east one and preferably four antenna

@ﬁﬁr{g e}x%&tzlct)%ﬁggor Te \%ée: gggéﬁ?ﬂp %%}E@Pégéfg%egg 702 in each sector 704 of

the twelve-sector antenna array 700 for MIMO applications. The use of the antenna

100 as the antenna element 702 advantageously reduces the overall size of the antenna

array 700 and allows the antenna array 700 to have a more compact design.

Additionally, the configuration of each of the antenna elements 702 in the antenna array
700 provides the antenna array 700 with well-matched impedance response and a gain
of more than 5 dBi. The antenna array 700 also provides a stable radiation performance

across the entire WiFi and WiMAX bandwidths of 5.15 to 5.875 GHz and 5.725 to

5.875 GHz respectively. Given the compact size of the antenna array 700, the mutual

coupling between adjacent antenna elements 702 is significant and therefore requires

suppression. The mutual coupling between adjacent antenna elements 702 of the

antenna array 700 is reduced to less than -15 dB.

In the foregoing manner, an antenna having a feed plate structure for wireless

communications is disclosed. Although only a number of embodiments of the



10More specifically, the foregoing antenna 100 is used

as the antenna el enent 702 of the antenna array 700.
wEnosiiammoenna el ement 702 has a directional patdmsGrR008/000216

that covers a certain sector. The use of a

twel ve-sector antenna array 700 is to ensure that the

antenna array 700 has omi -diTtectional coverage in a

desired plane and %ubstantiall reducing blind spots, .

INBTER ApIdEsclased HE baAmRTtAPPRICAN . onesskiled, i dreetie e aicppof this

diosufe thalREBeRUE Aok RhBoANbERDR &l QUE BE Sn A 2wiibut (():le arting

each sector 704 of téé tme?ve-sector antenna array 7/ 0p

ffon tiM VEpappl spoat ofchsinv@iienuse of the antenna 100 as

the antenna el enent 702 advant ageously reduces the

overall size of the antenna array 700 and all ows the

antenna array 700 to have a nore conpact design. 20

Addi tionally, the configuration of each of the antenna

el ements 702 in the antenna array 700 provides the

antenna array 700 with wel | -mat ched i npedance response

and a gain of nore than 5 dBi. The antenna array 700

al so provides a stable radiation performance across

the entire WFi and W MAX bandw dths of 5.15 to 5.875

Gz and 5.725 to 25 5.875 GHz respectively. Gven the

conpact size of the antenna array 700, the nutua

coupl i ng between adjacent antenna el enments 702 is

significant and therefore requires suppression. The

mut ual coupling between adjacent antenna el enents 702

of the antenna array 700 is reduced to |l ess than -15

dB. 9 invention are disclosed, it beconmes apparent to

one skilled in the art in view of this disclosure that

numer ous changes and/or nodifications can be made

W t hout departing fromthe scope and spirit of the

i nvention. WO 2008/ 156429PCT/ S&008/ 000216 10 C ai ns

1. An antenna formable on a ground plane for wreless

conmuni cations, the antenna conpri sing:



n

10

15

[N
I

5a first structure spatially displaced froma ground

pl ane; a second structure coupled to the first
wostongicsewrve and ext endi ng away from the ground PUTzGD08/000216
and a third structure configured for disposing

at least a portion of the first structure between the
third structure and the grou& pl ane, the third
structure being grounded to 10 the ground plane and
SEVW@ spatially displaced fromthe second structure
the second structure and the third structure being
inter-configured for electromagnetic coupling

t.her eletansemaf formélde nomg grommd) peédnec fdro@preless communications, the

wherein el.ectromagnetic field generated by the first
YR COMEIEAE t he second structure el ectromagnetically

coupl £g,st Keuchidrk %%t%ﬁl&%@s‘p‘kb{c@d 8 4 Q@HE{! pangener at ion of
15br oadband el ectromagneti c waves fromthe first,

secomd sandd tshilgtdrestqupdtdutoethe firgt, stfhirgan@ar@ndisgiawvay from the

claim,l, further conprising a fourth structure

%QF&E@FW@apgon1and for grounding the third structure

t o t hetaidosandiupd st gudbBfof e pastheanNRaas poti6h af Melfirst structure

the first structure being substantially a plate

ket werey e hied steirditagnd s grennd alang, hatidrd gructie bgingusieninded to
The..apt ' | ai

B 285 g T S AESHOR BRSBTS, o

ure being

phatuee ahd uled el exiendi tegnd froes-ddn@ghiied Sfor stectioupget@nebupling

@mag fromthe 25ground plane. 5. The antenna as in
FIEPFREEN tHAOHMIPG £ N33ENEWE I9PB: i ntersects the second

Strucl i Einaljed Fb%m%qgf?c it g&é{egatgtp@y Il ﬂ?srﬂts%@@fe;‘%na the second

t
claim4, the tfirst structu el ng” substantia

percpendictbangtaichie coaplondhes thiuk swwmaure for inducing generation of

broadband electromagnetic waves from the first, second and third structures.

2. The antenna as in claim 1, further comprising a fourth structure extending from

and for grounding the third structure to the ground plane.

3. The antenna as in claim 1, the first structure being substantially a plate structure

extending substantially parallel the ground plane.

4. The antenna as in claim 3, at least a portion of the second structure being

substantially a plate structure extending from the first structure and away from the

ground plane.

5. The antenna as in claim 4, the first structure intersects the second structure at

the edge thereof.

6. The antenna as in claim 4, the first structure being substantially perpendicular to

the second structure.



WO 2008/ 156429PCT/ SG2008/ 000216 11 7. The antenna as
inclaiml, the third structure being substantially a

wodoed/B6829r uct ur e ext endi ng substanti al |y par alPcalsa2oes/000216

2
wn

ground plane. 8. The antenna as in claim?7, further
conpri si ng: a fourth structure extending from an
edge of the third structure énd for grounding the
third structure . to the ground ane. . 9. The antenna

hs i nlkq aftepang as ihdaigs &g @tlgltdrs(glé}gm;%bqj\ggfs%tagtlal y a plate structure
Le5ididd Heakh 1 nna as in claiml, the
sec%wég§?%ug%ﬂ$§%g5%gégég&ﬁmjpg urality of plates
sequentially inter-coupled. 11. A method for

onfiguring an antennﬁginﬁnable on a ground pl ane for

i rel E4s¢ nPbﬂ?Wb HERRYE: conpri si ng:

15spaf itghly s@usRlaekRAdRAof irbBt astdddet 8 end KA 3u@E@MNdnd for
pl ane; coupling a Second structure to the first
gowtrgihe thindstewctwndd thg ardvmdgdarend structure away from
t he ground pl ane; and configuring a third
structure for disposing at |east a portion of the
§.i 1 SUTIsd dnlekiinkl fa€ iPEBWE €NhE BRohdbti6brgre hd Gind fa@e@Nthelape.
ground pl ane, the third structure bei ng grounded to
the ground plane and being spatially displaced from

E(Ee SAGONHe: hrNGh Yafin 1t Iﬂ &N u?c'iJré‘gB%ﬁmﬂE% ﬁltﬁ%lity of plates

ird structure belng er-con ure
@heﬂﬁnbnagm@mnmkﬁoupllng therebetmeen for formng a
magneti c | oop, wherein el ectromagnetic field

generated by the first structure and the second

BiLT UCAUR&R&d %td'ogﬁg&n@bl W RhEYnLRURAEE dnhe ofddhi %lane for wireless
structure for inducing generation of 25brcadba

@hﬂnmngnagneh¢Uwﬂavesmmnangthe first, second and third
structu ﬁ % %EF ﬁs in cIa|n111 further
Compr P RTERE AGTd PBUPERTL PSS DM Fom and 1 or
gr ounghiupBng hesdcBhd dugtukHc tdfR Figstt dRicHrOWRE Rié@dthg the second
structure away from the ground plane; and

configuring a third structure for disposing at least a portion of the first structure
between the third structure and the ground plane, the third structure being grounded to
the ground plane and being spatially displaced from the second structure, the second
structure and the third structure being inter-configured for electromagnetic coupling
therebetween for forming a magnetic loop,

wherein electromagnetic field generated by the first structure and the second
structure electromagnetically couples the third structure for inducing generation of

broadband electromagnetic waves from the first, second and third structures.

12. The method as in claim 11, further comprising extending a fourth structure from

and for grounding the third structure to the ground plane.

13. The method as in claim 11, the first structure being substantially a plate

structure extending substantially parallel the ground plane.



WO 2008/ 156429PCT/ SG2008/ 000216 12 14. The nethod as in
claim 13, at |east a portion of the second structure

whosigsedabst antial [y a plate structure extendiREI/$G2908/000216

[\
W

the first structure and away fromthe ground pl ane.
515. The nethod as in claimlﬁ the first structure
intersects the second struct ?e at the edge thereof.

6. The net aS|n cl |m14 the first structure
&Ae. We'tf-‘uaz?gmgh i1 §laper ﬁeﬁbl @8 APofiP Ab heessARM structure being

ShbEMEGHNCa plle s%?tctu;reh@xtg?ctlt{@qroﬂ?'t‘lenﬁFs]t %'tl%tjdila ahd@way from the

third structure being substantially a plate structure
srtghplang substantially parallel the ground pl ane.
18. The nmethod as in claim17, further conprising:
15extending a fourth structure froman edge of the

£ T OISt Mol 8 iRRihO4, eeOROitNG 1B entbRbFtS tisd §dd6hdIERuCture at
to the ground plane. 19. The nethod as in claim 11,

thpedgeetbeisdl-struct ure having a rectilinear shape.

2020. The nethod as in claim 11, the second structure
conprising a plurality of pl ates

16. The method as in claim 14, the first structure being substantially perpendicular

to the second structure.

17. The method as in claim 11, the third structure being substantially a plate

structure extending substantially parallel the ground plane.

18. The method as in claim 17, further comprising:
extending a fourth structure from an edge of the third structure and for

grounding the third structure to the ground plane.
19. The method as in claim 11, the second structure having a rectilinear shape.

20. The method as in claim 11, the second structure comprising a plurality of plates

sequentially inter-coupled.

21. An antenna array for wireless communications, the antenna array comprising:
a body having a plurality of surfaces; and
a plurality of antenna formed on the surfaces of the body; each of the plurality
of antenna comprising:
a first structure spatially displaced from a ground plane;
a second structure coupled to the first structure and extending away from
the ground plane; and
a third structure configured for disposing at least a portion of the first
structure between the third structure and the ground plane, the third structure being

grounded to the ground plane and being spatially displaced from the second structure,



sequentially inter-coupled. 21. An antenna array for
W rel ess conmuni cati ons, the antenna array conpri sing:
woobgte4ivavi ng a plurality of surfaces; and PCT/SGR008/000216
plurality of antenna formed on the surfaces of the
body; each of the plurality gé antenna conprising: a
first structure spatially displaced froma ground
flane; g,gecond structure coupl g
e seqond sHyetif achitg 1eke SHEGIHG beieg ntg z’fﬁP%‘%‘éeg u?iactlomagnetw
cQSIu fif th@&@et%\%%ntr@ fofh & g aqﬁﬁéﬁ@ﬁ(% R)%Ef Igur ed for
posing at least a portion of the first structure
bet weelertineslediionthgattic Gitldr genarated he tlgr ﬁcﬂnd;tlpbtarfeanct ke second
ird structure bein roounded.to the und ane and
Berhte Sstpiaripratu Mo fith s ufiig! b fiufl Be™ition of
B RS L oRGE rQT € SaP0BLMARLAR:, %&&1H%n§ afRNructures.
structure and the third structure being
inter-configured for el ectromagnetic coupling
t herebetween for form ng a magnetic | oop,
wherein el ectromagnetic field generated by the first
structure and the second structure el ectromagnetically
couples the third structure for inducing generation of

5br oadband el ectromagneti c waves fromthe first,
second and third structures.



