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SUSPENDED PLATE ANTENNAS Field O Invention The invention relates

general |y W8 UHPALYY ant ennas, and nore particularly to br oXdBSGRI00Sspended
pl ate antennas. Background |In designing planar antennas for use in

w rel ess communi cati on systens, the typical goals set are to achieve
powerful performance with |low structural profiles, |ow costs of

manuf acture, ease of manufacture, and ease of integration with other

conmuni cation device ny, ennas such as
mcrostrip patch ant eﬁ%‘aywé%@q&%ﬁ@#%@m erted-L or -F
antennas (ILA or | FA) have ed e bandw dt hs, which
typically are of neasures Mﬁ“@&#{?%ﬁ%& Na"ggawback adver sel y
affects the useful ness of these conventional planar antennas in broadband
applications. Therefore, nany techniques have been proposed for
al |l evi ating, narr ow i npedance bandw dth problem For mcrostrip patch
nfﬁﬁlﬁf

ant ennas, Hb"ﬁgp’é typically include the addition of parasitic
el enents, the use of electrically_ thick substrates, or the introduction of

mat chi ng s iRBetion relafes E?i@r%llygﬁﬂaﬂﬂ%e@a&lapﬂﬂmﬁ patisnigpssabwathadcal | y

i ncl ude replaciy r iators with planar radiators and/or | oading the
pl anar ant enﬁéﬁ Q@v\fﬁ?aﬁl n}[%%ger mttivity nmaterial. The techni ques proposed
for alleviating the narrow i npedance bandw dt h problem have drawbacks.
Adding parasitic elements vertically or laterally to mcrostrip patch

ant ennas |]? #ﬁg@aﬂs the sizes, costs and conplexity of manufacture of such
pl anar ({JSI ng electrically thick substrates in mcrostrip patch

ant ennas |ﬁ1 r eases ihe 26 Jul 2005 02/ 060014 ..PCT/ %GOl/ 0009
1 desigNing planar dn ernas or 1Se 1n wireless commuiication systeins, ical

goals set are to achieve powerful performance with low structural profiles, low costs of

manufacture, ease of manufacture, and ease of integréﬁon with other communication
devices. However, conventional planar antennas such as microstrip patch antennas and
basic types of planar inverted-L or -F antennas (ILA or IFA) have inherent narrow
impedance bandwidths, which typically are of measures of a few percent. This
drawback adversely affects the usefuiness of these conventional planar antennas in
broadband applications. Therefore, many techniques have been proposed for

alleviating the narrow impedance bandwidth problem.

For microstrip patch antennas, the proposals typically include the addition of parasitic

elements, the use of electrically thick substrates, or the introduction of matching
‘networks. For the planar ILAs or IFAs, the proposals typically include replacing wire

radiators with planar radiators and/or loading the planar antennas with high permittivity

material.

The techniques proposed for alleviating the narrow impedance bandwidth problem
have drawbacks. Adding parasitic elements vertically or laterally to microsirip patch
antennas mcreases the sizes, costs and complexity of manufacture of such planar

antennas. Using electrically thick substrates in microstrip patch antennas increases the




2 costs of manufacture and |owers the radiation efficiency2eliulgeobspl anar-
antennas due to the increased surface waves and dielectric | oss.

| nt r oduci NYOREPRINg networks to microstrip patch ant ennaBCTEQHA880% he
radi ati on efficiency and conplicates the design and fabrication of these
pl anar antennas. The |LAs or | FAs usuakly have |ow polarization purity and
are therefore pot i.tabl e.for | i,cati ons. requiri ur el lari zed
waves, f oPoexanpratpemtand ipdes Midradahor elgimnepol ok andmel fhelear | Las
or | FAs thaincei®dlsopEaetyives AndiieRictra 18ss0 nthd didirpahifckink Mk iawe | ar ge
sizes and involve high costs of manufacture. In a nunber of articles, a

type of stEpesapdahamicnant waness theragiatpoeigieney pud edeplicateshrerdasignnpedance

a0 9 s oS08 0 BB, THERZHLF S SIS o 210 K

El ect r oni gslatieiticdyrsurity 8hd 2 thdefoledddd siifibls foi 3ficalibonsleqsciay palelys " A
w de- band single- |ayer patch antenna," | EEE Trans. Antennas and Propagat., -«

vol . 46, ppolenizedywaves] pggxamplgdn rolaypatiogidivegsityl appheations:, The plepsdlAses K. F.
L 's B i N :, Y ) A i . . 34,
b 1442-1 355 P58 (AR Wi Bra @Rl B Be pERBENIO NS B i and ol Ty e &

hei ght of hizhprosisiofataahfaclrd. ti mes the operating wavel ength above a ground
pl ane. A variety of matching techniques is introduced to these planar

antennas for realising good matchi ng conditions in broadband applications.
The aneliorated i npedance bandwi dth typically is of a measure ranging from

10%to 484 hemb&i daidesdh tybelbl@dpen@sl Hita BflcfithsBpRPbALI 0 firdYR) . |1 n Tabl e
1, nmeasurenents relating to the critical performances of three types of

convent i oeproveRpRdencd eandiwidihy foa suavplansr antennash TThaesirlesdncladeiar i son. The
apoltcat DRGSR BTk S5 GR bR PaRE e PReings 8RS ant enna
Ef fi ci encyldidaogios dbfeR0tcABl Zi83.1310- IR 19959N7 Befses¥ici’s “A wide-band single-
layer patch antenna,” IEEE Trans. Antennas and Propagat., vol.46, pp.471-473, 1998;
and K. M. Luk, C. L. Mak, Y. L. Chow, and K. F. Lee’s “Broadband microstrip
antenna,” Electronics Letters, vol. 34, pp.1442-1443, 1998. The proposed suspended

-plate antennas are placed at a height of approximately 0.1 times the operating
wavelength above a ground plane. A variety ofj‘ matching techniques is introduced to
these planar antenmas for realising good matching conditions in broadband applications.
The ameliorated impedance bandwidth typically is of a measure ranging from 10% to
40% for signals at 2:1 voltage standing wave ratio (VSWR).

In Table 1, measurements relating to the critical performances of three types of
conventional low-profile planar antennas are tabulated for comparison. The suspended

plate antenna is shown to be more suited for broadband applications.
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The proposed suspended plate antennas greatly alleviate the narrow impedance

bandwidth problem, usually fed by probe-type feeds because a variety of matching

techniques has been used to realise good matching conditions for such planar antennas.

However, the undesirable higher-order modes and the asymmetric feeding schemes

result in seriously degraded radiation performance of these planar antennas. The high

cross-polarization levels and the distorted radiation patterns to a great extent limit

practical applications of the suspended plate antennas, where planar antennas of high

polarization purity, such as arrays and polarization diversity designs, are required. For

example, dual-polarization base stations usually require planar antennas with high

polarization purity. This drawback therefore severely limits the scope of practical

applications of broadband suspended plate antennas.

Techniques are therefore proposed for compensating the degraded radiation
performance. A number of articles (Z. N. Chen and M. Y. W. Chia’s “Broadband
probe-fed plate antenna,” 3¢/ h European Microwave Conference, Paris, France, vol.2,
pp.182-185, Oct. 2000; and Z. N. Chen and M. Y. W. Chia’s “Broadband rectangular
slotted plate antenna,” Proc. IEEE Antennas and Propagat. Symp., Slat Lake City,
Utah, USA, vol. 2, pp.640-643, July 2000) proposed the replacement of U-shaped slots

in such planar antennas with Q-shaped slots or narrow notches. Compared to suspended
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WO 02/ 060014 PCT/ SGh/ 00009 4 plate antennas that have sl 26 duwmi2005U- shapes
or large aspect ratios, suspended plate antennas with 0-shaped slots or
nar r ow notWhex0diedte | ower cross-polarization levels. Thi sPCESGEMMe t he
effect of such slots on current distributions at the plate radiators is
reduced and as a result the higher ordesf nodes are to sone degree

suppressed.. . However he cross-pol arization |evels of sus ded pl ate
ant ennas \WEH a{%ﬁf‘ S—@ﬂg‘ﬁgﬁg}@ﬁﬁ”ﬁ' St¥ :lﬁrgﬁﬁ%cgﬁfl%ﬁwegg%fﬁf‘t@vel s have
been | overgghys %Rﬁﬁ-s@é%gd\éfa%r%%%?%he%‘hé% 1BWeP&REEH IRl AnddpInas with

U-shaped slots, since t gher or nmodes are not suppressed conpletely
and t he plBtesistedimt dresefficeofduch blofsseh asieandikiribatibhs/at theplatehadiatmrd iscl es (P.
ick mcraostri at ches, " | ectronics

S. Hall's "Prohe conpensatiaon jn t
Letters, V8 ‘.‘ceaéfl‘?ﬁg‘}.‘)% It ghpAughes g ,erg}ﬂﬂie%?‘relﬂéfs?fggfigﬁiﬁe?‘fﬂp?ﬁ on, and N

Gagnon's " i I Al L 1 ed
mor oot ri pRREICEEL B Zoolbfioh 38 o el AR Aol ol BRTRAAEA B
dual - f eediangstsil hightalth@gshasieh 1gvels hasebechdowtred byabsuckiBovbaatomprehnas t o

ease the serious degraded radiation _performance of these_ planar antennas.
A pair of iipgseendet plaje praanes svtbr-shapedstpts, smep aokigheropdsranedeg 419 y about

the md-1li i T Eﬁﬂ : %&S’””@#h eads to the

i npl enent adt?)?(s) p5§s§§d co%lﬁtg%yk{ﬁgetg? g %g@&%ﬁé%g%ﬂégse 0 es{:%uﬁlsuc'h a

br oadband phase shifter is difficult. Additionally; this proposal leads to
the lowering of only the cross-polarization levels in the H plane. There

i s theref for A ed .l i.t.h a feeding
struct ur e&éﬁgﬁégﬁg S(g% %'ﬁ{eérﬂé%)?5{89%?%%3%%&2%@5@8%E@?%gé@g{)}jl%elf\re%’zati on | evels

in the H Hearssesditteft| $61003,65.608CH0F, 1987; pad KePBDsa, . Thpitoodl anEN, Sumary
In accordance with a first aspect of the invention, a suspended plate
ant enna f GF22NBR 6 A SHAESSIPN wwaanisd Proby radigtipnawidthandproberfed misHpiBes a

pl at e radi » - I 3 i re 08d a[gg 1y
bal anced g{ec |%g%£e?b§%lfg$%ﬁ%‘§/’%%{$f Qﬁ?ﬁ?’g?gfegglbﬁém?ﬁ%g%@%t%gﬂr adi ;d{regr W th
respect t @rajosbefstus©or siohdilafe ankniReo phatibe saiduadegraded radiation

performance of these planar antennas. A pair of probes with a phase shift of 180° is

located symmietrically about the mid-line of radiators. The demand of a 180° phase
shift leads to the implementation of a complex feeding network because to design such
a broadband phase shifter is difficult. Additionally, this proposal leads to the lowering

of only the cross-polarization levels in the H-plane.

There is therefore a need for a broadband suspended plate antenna with a feeding
structure and a method therefor, which alleviates cross-polarization levels in the H-

planes and distorted radiation patierns in the E-planes.

Summary

In accordance with a first aspect of the invention, a suspended plate antenna for

- broadband applications is provided. The antenna comprises a plate radiator, a slot cut
in the plate radiator, and a substantially balanced feeding structure symmetrically
feeding the plate radiator with respect to at least one midline of the plate radiator.




26 July 2005 WO 02/060014 PCT/ SGOL/ 00009 5 In accordance2wiili2a0second
dspect of the invention, a nethod for feeding a suspended plate antenna
for broadb¥Ad28¢9814 cati ons is provided. The nmethod conpri sBSI/SGe/MHMps  of
providing a plate radiator, providing a slot cut in the plate radiator, and
using a substantially balanced feedingsstructure for symretrically feeding

the plate yadiatior w.th respect to..and close to the center of th | at e
Fadi ator . BRCET R E pes RO Fb PRk R Y BRSO GO EAESRgEht | on
are descripiag Aemah Rabreddoibd SplRhdRRESrobRicl NThe hRModLBmprists #Risehs Fi gs.
la, I'b, and Ic are front, side and bottom el evations, respectively, of a

suspended ofjravidingrdaaaaditioh peovpding astot setrindheiplate redimtontandaaingrd crostri p

i nes for d, feedi structure accordi to a first enbodi nent of
the s nvent (RN R e B GOt b at B BERR Y b A R oRERRE Lt | o
respect i Velyith réhe 1 MEDEIOSIED thobak& ARMCPIAS ridisdr.a pair of close paral el

wires for a bal anced feeding structure ‘according to a second enbodi nent of

the invention, and Fig. 2d provides an enlarged front view of this feeding
structure; Figs. 3a, 3b, and 3c are front, side and bottom el evati ons,

respecti vej;ﬁefggscﬁpigﬁgﬁqqﬁq)m%ﬁgg antenna with a pair of structural
asymetrical mcrostrip line for bal anced feeding structure according to

a third enbodbdBihisQr hd'BivbmyE Mk Q@sogi?@@ héfefR e Rith Wlershice B AY ufRviBEY, ar ged

right and left views, respectively, this teeding structure; Figs:. 4a,

4b, and 4cinarteciront, side and bottom el evations, respectively, of a
suspended plate antenna with a copl anar waveguide (CPW-1ike structure for
a bal anced feeding structure according to a fourth enbodi nent of the

i nvention,_and Figs. 4d and 4e _provide enl a‘ga‘%‘ed right and left views,
respect i veafigs. 1gf 1,nd loese figgt, §i4%p@silh0@9m2@e ops, 2eEpsCtivaly. (f/aomepended
PCT/ SC01/ ciﬁagggantenna with a pair of structural symmetrical microstrip lines for a balanced

feeding structure according to a first embodiment of the invention;

Figs. 2a, 2b, and 2c are front, side and bottom elevations, respectively, of a suspended

plate antenna with a pair of close parallel wires for a balanced feeding structure

according to a second embodiment of the invention, and Fig. 2d provides an enlarged
' front view of this feeding structure;

Figs. 3a, 3b, and 3¢ are front, side and bottom elevations, respectively, of a suspended
plate antenna with a pair of structural asymmeirical microstrip line for a balanced
feeding structure according to a third embodiment of the invention, and Figs. 3d and 3¢
provide enlarged right and left views, respectively, of this feeding structure;

Figs. 4a, 4b, and 4¢ are front, side and bottom elevations, respectively, of a suspended
plate antenna with a coplanar wavegunide (CPW)-like structure for a balanced feeding
structure according to a fourth embodiment of the invention, and Figs. 4d and 4e

provide enlarged right and left views, respectively, of this feeding structure;




6 Figs. 5a, 5b, and 5c are front, side and bottom el evati ops July@sp®ctively,
of a suspended plate antenna with a two parallel-conductor |ine systemfor
a bal ancedv@&¥80AY structure according to a fifth enbodi nROE/SGH1/G0hE
invention; Figs. 6a, 6b, and 6c are front, side and bottom el evati ons,
respectively, of a suspended plate antgnna with a pair of inverted-L

feedi ng strips.f a | anced  f eedi structure accordi to a sixt
enbodi ment gF iahg{”i S 18 ,On&ﬁb‘fﬁﬁﬂag?ﬂﬁama%v%n%ﬁswem‘é?%gi@@rﬁ“ﬁ?ﬁﬂﬁsﬁg of
i nduced el glgferanfenGd Withd ﬁv@ﬁbrﬁﬂt@—c%hﬁtfcﬁﬁ%@fs%ﬁem%@é Balh @l GEQAingdr e
suspended plate antenna shown in Figs 1 to 6. Detalled Description

Br oadband argeidaated fftlacwmbedittenhefshevnventiamedi ng structures, and a net hod
therefor, which alleviate high cross-polarization |levels in the H planes ,
and distorted radiation patterns in the E-planes are described
hereinafter. Wth the rapid devel opnent of w reless comunication
t echni quesFigsiéapfiy aind 6ciancfremtssidgarfdiotiant deveions, redpeaiiels b kyspendadl ve | ow
costs of nuf act ure,  and.pravi de . hj erformance. To _afford wreless
conmuni ca{??al?)tﬁ a[ishne with g p ‘?ﬁ%ﬁrﬁe@s}[‘ %%‘;t}ngﬁmforf Eﬁ%@g&eﬂ%tsf%#”{?ﬁ
Wi rel ess CopIGRt SRnRARBAHhEE bPihe BMARBRSndCONPACct antennas are

he | [

typically required. The low costs I nherent in manufacturing ease and

i nexpensive materials usage in relation to antennas usually attract, and
t herefore encourage, industrial applications of such antennas. The high

per f or man I x| ; I jation
Char act or { 1F1 ALt Mool bR R NP C B oS R Y
wel | - mat cpdate radieoinaCaypmsgendediplateaintepns staoveiniigs 1 o 6eet the needs of
nodem wi r el ess comuni cation systens. Therefore, nmuch effort is devoted to
t he devel opnent of conpact broadband antennas. As part of this devel opnent
process, suspended plate antennas or microstrip patch antennas which are
fed at thésidEDestrigtiaat € radi ators of such antennas symetrically 26 July
2005 WD 02/060014 PCT/ SGOL/ 00009 '

Broadband suspended plate antennas with feeding structures, and a method therefor,
which alleviate high cross-polarization levels in the H-planes and distorted radiation

patterns in the E-planes are described hereinafter.

With the rapid development of wireless communication techniques, demand is
increasing for antennas that are small, involve low costs of manufacture, and provide
high performance. To afford wireless communication devices with mobility and allow
for sectorization of wireless communication base station antennas, compact antennas
are typically required. The low costs inherent in manufacturing ease and inexpensive
materials usage in relation to antennas usually attract, and therefore encourage,
industrial applications of such antennas. The high performance leading to broad
impedance bandwidth and stable radiation characteristics with low cross-polarization
levels crossing the well-matched impedance pass-band, allows antennas to meet the
needs of modern wireless communication systems. Therefore, much effort is devoted

~ to the development of compact broadband antennas.

As part of this development process, suspended plate antennas or microsirip patch

antennas which are fed at the center of plate radiators of such antennas symmetrically




7 abeut mdlines of the plate radiators by balanced feedi ngs gty uogaires are
proposed. In a balanced feeding structure, a pair of ports is used to feed
out of phX&@0Yu8@i4degrees phase shift) currents of the s&@aI/9Gigidaoade to

the plate radiators. The resultant radiation performance of the respective
antenna is inproved within a broad wel}- nmatched pass-band. Suspended plate

antenna c nf| uratlo vmthf edi r ccording to e di nents of
the i nvent?BHh ?uénecg R}?t@ {jﬁ%}%sg&]?ai %é%?‘%ﬁgﬁ t‘frﬁ%a%éﬁ?f}ﬁ’a rPadi ati on
per for mnaﬁm&dtfé%ﬂggﬁ@uwel o palFRIPBAS id TERE RARELoRATPhRRN TS0 MYi&es
specifically, a suspended plate antenna with an el ectrically thin slot cut

symmet r i cphdsy shiff) chrrenss pbie seroe maghituddedo 8fe p4ie radiatersnBhereptltant radi ator is

symetrical.l ent er of ate ra t.he.proxi mty of
the si ot Bytaioh Fruiftatptf scif bl e iR i bet BoRieBhe prodtd Bt enna. having
a plate rﬁﬁtogé@pa@ryan@ feeding structure with four ports in which the
f.,eeding structure feeds the plate radiator across a slot cut at the center
of the plate radiator is shown in Figs. 1 a, |Ib, and 1 c¢c. Such a suspended
plate antenna is different fromconventional planar antennas with
asynmetri @GIL 1fSstru crostrip patch
ant ennas, Sﬁéegauséﬁ%g%gﬁgﬁ%ceg a?@ﬁ@vftl;i;f%élﬁt urekﬂesaég%m?%tgymmt rically

f eed t he phbedimenid |0£ﬂ¢r1naent:tohelrecfhnlte&re pfovided tplhmeboratediie degradedOt her

bal d bst anti al | t ruct f

Chi it r eGaiagop Gedoigiaboe iy QERRG oL D I e eSaPHEL IYBs, - bat anced

f eedi ng pfg@@i{ﬁ%al Iy, , QlsudpcRdkd pla{e szb\ﬂﬁam oo A REHaNY t15h lof SutdyPmitseshllgs shown
a 10 oC,

in Figs. respectively y means of such feedi n? structures and
met hods, WﬁbI@pSthbud]ﬂm oéthetanéenma@&aé@lradrmss syrpingtricaldyifed |aét31er| c currents

at the h| ng..fre ncies in e SS- dIS
symetri c Hgﬁjfrﬁ 5%d<’i§t8r ?Rlé’xﬁmt%ﬂ%@l Siﬁhﬁ@%?%@“ 8 si ght
direction but also in alnpost all directions. Furthernore, the unwant ed
radiation resulting fromthe higher order nodes is canceled out well

because the indyc S- pol.ariz el ec tri ent s i n exi st near
the sl ot . AR n&%ﬁﬁﬁ?aﬂ? aPgire R 8 eraﬂ@ g&tcfu%{‘lug FLE W?fﬁtfﬂlét H pl anes,
typi cal | ypds ifRasel i QMR sthldRfe fof@8Be p@itélradlfor across a slot cut at the :

center of the plate radiator is shown in Figs. 1a, 1b, and ic. Sucha suspended plate

antenna is different from conventional planar antennas with asymmetrical and balanced
feeding structures, for example microstrip patch antennas, because a balanced feeding
structure is used to symmetrically feed the plate radiator at the center of the plate |
radiator. Other balanced or substantially balanced feeding structures, such as a pair of
thin wires, a pair of microstrip lines, CPW-like feeding lines, balanced feeding probes,
or a pair of inverted-L feeding strips are used as shown in Figs. 2a to 6¢c, respectively.
By means of such feeding structures and methods, the distribution of the induced cross-
polarized electric currents at the higher operating frequencies in the well-matched pass-
band is symmetrical and anti-phase in the E~ and H-planes not only in bore-sight
direction but also in almost all directions. Furthermore, the unwanted radiation
resulting from the higher order modes is canceled out well because the induced cross-
polarized electric currents mainly exist near the slot. As a result, the low cross-
polarization levels in the H-planes, typically of measures lower than —20dB, and the
improved radiation patterns in the E-plane are attained within a broad well-matched

impedance band.




inproved radiation patterns in the E-plane are attained w ddpmyaobsoad -
wel | -mat ched i npedance band. 26 July 2005 WD 02/060014 PCT/ SGJ /00009 8
There ar eW W84 of attendant advant ages associ ated w t PATRGEMIBUE ment s
of the invention described hereinafter. For exanple, a feeding structure
desi gn concept is provided. Based on @an understandi ng of the degraded
radi ati on performance in broadband suspended pl ate antennas, a design
concept for feeding structures is provided to aneliorate the degraded

radi ati on..perfornance of ended pl ate antenn i thin a brgad
ol | - et c RGeS BRMAGS O A AN BB SoRBEDT Es PR RAHERS O Bl at | on
signifi Caﬁ%&ﬂti&?&ﬁs&ﬁﬂydtlﬁf’eiﬁéﬂe}f%r Ri GRSl PrAshs TEGS cﬁas%ﬁfc%ﬁ%ég‘(fsl y

suppressed by inproving the inducec ectric current di'stribution caused
by t he  hi ploerdedr Based onedaesderfthedide sf the degmdeptadiation iperfefnmanee iusef ul  and

hel pful to d I hni tq .i h di ati f f
br oabandOCAEHABIPoON i Rt s & Qo HOReH OB TP BRI et nods, 1 or

suspendedyRlied (& BERdIaE (RS Sgiddd irl@Skion RRERR R éﬂbﬁsﬁeﬂﬂ&?ﬁlafé@bn%ﬁh&g n

concept, the feeding nethods are provided to aneliorate e radiation

per f or manwéhisfa broad welipeaicted ippedancahiwh bisingihisoncaptshdnwaenitdpedance
-band, .in whi | . b d- i f eedi t t

b o ot st caPRoel BLEE bisdies SRABRRGS el ol RBMBRRNA <! ot 1y

feedi ng ngf RFrsSinkThe indceaeNtac RirdhediBfbaibRsadee B bt pherat®® ease the

manuf acturing and | ower the manufacturing cost of suspended plate
ant ennas. mpdesa The design canveptps heraferetuaeful andt halpightoydaveiop mewdecindques i eved

for suspe te.. .ant ennas_accagr di to enbodi,ment s of the invention.
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pl ate antennas are further inproved within the broad inpedance pass-band
by locating the feed-point at or symetrically with respect to the mdline
of the plate radiator n.this way,.a nor fticient cancell ation of the
et e S5 SRR Bhr, Bty et o Eu ool Rhnns S B E B v or | <

achi eved, B4d3@ on the foregoing design concept, the feeding methods are provided to ameliorate

the radiation performance of the suspended plate antennas within the broad impedance
pass-band, in which only one balanced or balanced-like feeding structure with simple
feeding network is used. The feeding methods not only simplify feeding networks for
suspended plate antennas greatly but also ease the manufacturing and lower the

manufacturing cost of suspended plate antennas.

As a further example, better radiation performance is achieved for suspended plate
antennas according to embodiments of the invention. Using the feeding methods, the
radiation performance of the suspended plaic antennas are further improved within the
broad impedance pass-band by locating the feed-point at or symmetrically with respect
to the midline of the plate radiator. In this way, a more efficient cancellation of the

unwanted radiation caused I‘;y distorted currents at the plate radiator is achieved, the
distorted currenis being the result of the higher order modes or asymmetric feeding
structures.




disterted currents being the result of the higher order nogeguippoasymetric
feeding structures. 26 July 2005 WD 02/060014 PCT/ SG1/00009 9 The

per f or mand¥0 AHe8lides and structural features of broadband MIEBgeI#eMWIpl at e
antennas fed by a conventional dual-feeding systemand a feeding structure
according to an embodinment of the invenption are conpared in Table 2. The

I nformation provided in Table_ 2 sug%ésts that a_broadband suspended pl ate
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proposal s for inproving the radiation perfornmance of broadband suspended
pl at e ant erfrindusErbopplimsbifisy.of the invention that relate to a class of
suspended plate antennas fed by sinple feeding structures are described in
greater detail hereinafter with reference to Figs. 1 to 6. Mthods by

whi ch the suspended plate antennas are fed by the various feeding

struct ur gs8di@rsls Ng t d Rt cFehbsgY eme Wo-RflarRefié® | BReudBatal @eh@rwElt o pf | ow
cross-poljari zation | ev/g&, oMktRidh a ﬁﬁ@ﬁis Wl - Meleahgd | mpedaagerBass- pand,

_typically lower thar; I gescri bed eat aid
her ei naftler. The vari ous sfdiﬁ %a%e% uctures anjnérerte%to ods 1?%; g based
on an understanding df the deqraded radiation|characteristi¢cs © susoended
pl ate antdhmbseeding Wi-¢8dB echni ques Good Complicated | Few degrees
Embodiment of | <-20dB Good Simple 90 degree
the mvention

Table 2: Comparison of feeding system proposals for improving the radiation

performance of broadband suspended plate antennas

Embodiments of the invention that relate to a class of suspended plate antennas fed by
simple feeding structures are described in greater detail hereinafter with reference to
| Figs. 1 to 6. Methods by which the suspended plate antennas are fed by the various
feeding structures leading to the achievement of performance characteristics of low
cross-polarization levels within a broad well-matched impedance pass-band, typically

lower than —20dB, are also described in greater detail hereinafter.

'The various feeding structures and methods therefore are based on an understanding of
the degraded radiation characteristics of suspended plate antennas, in which fechniques
are developed to symmetrize the cross-polarized induced electric currents with anti-
phase in the plate radiators of the suspended plate antennas due to the generation of
higher order modes, which degrade the radiation performance, by feeding the plate
radiators in a symmeirical and balanced manner. This is because within a broad well-

matched impedance pass-band, high cross-polarization levels in the H-plane and




are devel oped to symetrize the cross-polarized induced el gy eogsirrents.
with anti- phase in the plate radiators of the suspended pl ate antennas due
to the gerwoatienisof higher order nodes, which degrade thpcT/agomioben
performance, by feeding the plate radiators in a symetrical and bal anced
manner. This is because within a broadli |1 - mat ched i npedance pass--band,

p

hi gh cross-pol arization |evels in the | ane and _26 July 2005 WD
02/ 060014 ?f%*r’ i5tertigedintion patterns i Eplanaespl waimy fom e sxeatics ohs i n
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and/ or the asymmetrical distribution of" induced currents 1n the plate

r adi at or s. infthe phlitstadiabgs.i on of i nduced electric currents in the plate

radi ators of the suspended plate antennas as shown in Figs. 1 to 6
attendant on the inplenentation of such enbodinents is described in
greater detail with reference to Figs. 7a and 7b. As shown in Fig. 7a, the

i nduced el Th¢ disttibation efinddéesltaldchid drarenatin thaplafeadiadiad he AQBendedaties eved
by cutting a narrqw rectangular slot 708 in the plate radiator 702 of a

suspended PHEmes ghshouin lgamide piatigndapt eipibeamplomentationiof suchormbodimpntat e

radi ator 7 LY A=A ' ' : [ | at or
702 at t he e BoR Y et A i et P gl R 70! A bl BB 2™ "o
2. The f eesidngpdmdéchiscilreandis@ibatien hiocpibedadibion §0risdichizeeBbBeuiting a
symmetrical about mdli During operatjon, the excitation patterns

-A L
of el ectriwwwguaﬁg?@ﬂemew@aa #PR{& af 2 gisgended paieglgMBbut out of
phase (1805ﬁlﬁﬂée h ﬁ&égﬁ%@_ﬁo&ﬂhﬁ&ﬁqes%?ﬂaegﬂéetﬁré‘d?ﬁto@%&, fbfe g-ﬁf’gﬁ{a@lﬁd el ectric

currents a XCI t e co-polarize ectric curren ong the

i ne B-B' lared, adribeditgithe plae tddiatacZ2alt drei ceater eithradishil aiced feedinly stracture
cross-polarized, electric.cyurrents lie along.the A -A_and.contriute the
cross- pol a‘?”ltégetefi@ﬁ“&%lii?%gizoige %?émgimgﬁ%bangggfﬁlppﬂ%alp}lgmlgﬁ?es%—é) bution is
symmet ri cajpga et Bt dhibings48¢-A and B -B'.  The cross-pol arized
conmponents (I{err), Ilb,, ITru, and Irb) of the induced currents are of

equal magni tude and mainly occur near the narrow rectangul ar slot 708.
Therefore, the

During operation, the excitation patierns of electric currents at or about feed points 1
-and 2 are equal but out of phase (180 degrees phaiée shift), and both co- and cross-
polarized electric currents are excited. The co-polatized electric currents lie along the
line B-B’ and contribute to the co-polarization radiation, while the cross-polarized
electric currents lie along the 4-4” and contribute the cross-polarization radiation. The
induced electric current distribution is symmetrical about both midlines 4-4’ and B-B’.
The cross-polarized components (I, Ip, Ir,, and I,5) of the induced currents are of equal
magnitude and mainly occur near the narrow rectangular slot 708. Therefore, the |
unwanted radiation from the cross-polarized components fp,, I, I, and [ can be
cancelled in all directions. The improved radiation is equivalent to the radiation from
an ideal electric current distribution on a plate radiator without a slow as shown in

TFig.7b, where only co-polarized electric currents are excited.

The front, side and bottom elevations of a rectangular suspended plate antenna
according to a first embodiment of the invention are shown in Figs. 1a, 1b, and 1c,
respectively. A highly conductive and electrically thin rectangular plate radiator 102 is
suspended in parallel to a ground plane 104 typically at a distance approximately 0.1




unwanted radiation fromthe cross-polarized conponents '/wed ity 2005 , and
trb can be cancelled in all directions. The inproved radiation is
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a plate radiator without a slow as shown in Fig.7b, where only

co-pol arized electric currents are 'exciqt ed. The front, side and bottom
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embodi menttiBEs PHEPGTARRE VR HengEo RS TRTAP IR plate ai%?nﬂiﬁf’af ZoRf
respecti Ve%%)edzﬁicg bﬂmvoﬁdgl Pﬁﬁ)b‘f_fpeaf@éihﬁ% 8&idiire abk ¥s Hs0d Bedaf6d @f’lﬁé’ia@ge pl ate
1 al | el

‘radi at or I'S suspende ground plane 104 typically at a
di st ance ajpperingbetmiced ;heQJleite iﬁhalmi 1)022&65116 mmpma@mﬁ ACTlesEoaln0009 it

tlrrestheo ratln e rec nuar | at e ant en for

br oadeni ngn fﬁ%@ﬁ%ﬁi‘&%@gﬁﬁw &t era%yﬁlrl P%f f Q’Sé’iﬁ%%@a%é?’??f[]@?u’r“e 106 is
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ground plane 104. An electrically “narrow rectangular slot 108 is cut

pr ef er abl ymdmomlbseofdhmloagenﬂldqsmtlm ractangudatipdate radigor, 10251&11@\]@!‘-9@4'113& he

the - apavriictsel it fobitte B2 i TR B tr Aot el To?
and | at er gi1h¥ radsMBNEI2. I TR p1ae eatliatbh 02 hidebd @arﬁplegmd&q)amaﬂmuﬁsmequyt he

shorter sides of the rectangul ar plate radiator 102. The pl ate radiator
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ground plpage 1944. Variations of the plate radiator 102 may be used. For
exanpl e, instead of being rectangular, the plate radiator 102 may have a
shape, which is triangular, trapezoidal, «circular, or bowtie-like, or any
variation of these shapes. The plate radiator 102 may al so be notched or

have mul t '\Mrfﬁt@h@éﬁh@ﬁiatd ﬁdia&ﬁ* 108 RS beQhsed. NBorixaingld, adicat oF bdiflg i nstead  of
having a single slot. The plate radiator 102 may also be of a &é}gle | ayer,

si ngl e- elrestangularphe platetedipterclIRimay kave 6 shans whishtia frengvler.tiapegoidl, | at er al

parasitic ‘1er|cu ar, ok ow-tie-like, or any variation of these shapes. The plate radiator 102 may

also be notched or have multiple slots cut in the center of the plate radiator 102 instead
~of having a single slot. The plate radiator 102 may also be of a single-layer, single-

element, or stacked configuration, or contains vertical or lateral parasitic elements.

For purposes of brevity, only the structures of the plate radiator 102 and the ground
plane 104 are described in detail. The structures of plate radiators 202, 302, 402, 502,

. and 602 and ground planes 204, 304, 404, 504, and 604 of the second to sixth
embodiments of the invention, respectively, in general have features or characteristics
that are similar with features or characteristics of the plate radiator 102 and ground
plane 104. The second to sixth embodiments of the invention and the respective
features or characteristics are illustrated in Figs. 2 to 6, respectively. Such similar
features or characteristics in the plate radiators 202, 302, 402, 502, and 602 and ground
planes 204, 304, 404, 504, and 604 of the second to sixth embodiment-s are therefore
designated by reference numerals that correspond {o reference numerals designating the

corresponding parts or features of the plate radiator 102 and ground plane 104.




For purposes of brevity, only the structures of the plate gagitpbops 102 and
the ground plane 104 are described in detail. The structures of plate

radi at or s W0 23/06803, 402, 502, and 602 and ground pl anes 28Zr/SEAM00H04,
504, and 604 of the second to sixth enbodinents of the invention,
respectively, in general have features,or characteristics that are simlar
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radiator 102. In this instance, the probe-type feeding structure 106 is a
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paral | el TWhé prode Greduln®, wavhicH 2Rcigigalsshaals dré fedisinndceied tol dsurfabeimbant The
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communication devices.

The probe feed 110 and the ground wall 112 may be completely or partially separated
by foam, or any other infinitely- or finitely-sized dielectric material 116 that is inserted
into the space between the probe feed 110 and the ground wall 112.

A pair of feed points 118 are present on the plate radiator 102, each feed point 118
being located at the center of and proximal to the edge of each of the opposing longer
sides of the recfangular slot 108. Each of the probe feed 110 and ground wall 112 is

" connected to each of the pair of feed points 118 for symmetrically feeding the plate
radiator 102.

In relation to the other embodiments of the invention, the balanced feeding structures
are preferably probe feeds consisting of a pair of close parallel wires 206 which is
electrically connected to the plate radiator symmetrically as shown in Figs. 2a, 2b, and

2¢, and a pair of microstrip lines 306 as shown in Figs. 3a, 3b, or 3¢ according to the




The probe feed 110 and the ground wall 112 may be conpl et epeygyopggtially -
Separated by foam or any other infinitely- or finitely-sized dielectric
mat eri al M@ ¥PHPi4 s inserted into the space between the BFBH01108603 110
and the ground wall 112. A pair of feed points 118 are present on the plate
radiator 102, each feed point 118 being |ocated at the center of and

proximal to th e.of each of the .opposin on .sides of the
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according to the 26 July 2005 WD 02/060014 PCT/ SG1/ 00009 13 second and
thi rd enbodibaditent. r espectivel y. The bal anced feeding structures are al so
preferably a CPWIike probe-feed 406 as shown in Figs. 4a, 4b, or 4c, and a
bal anced feeding system 506 as shown in Figs. 5a, 5b, and 5c according to
the fourth and fifth enbodinents, respectively. The bal anced feeding

st ruct ur e The Halarché feedingfsémalvteofdhpadicond emmbodiment s described it ggatst détps 606 as
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feeding structure 206 S bal anced and configured to feed the suspended

p|h ate ant exenigr Qfl?ﬁr@ﬂ&fﬁi wasiatgr 2{Bo dn thingstanen the probe-tipe fprdinsstrugtira ilszoz. In
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fromand ifforpanéid gdraltd] twitlea grotud ehineiN 2 a2 dibvasinstigivla) 2b, kh@dc. 2he 2b, and

2c. The ground wire 212 is disposed close to and in parallel with the
probe f eedroupl wire 212 is disposed close to and in parallel with the probe feed 210.

The probe feed 210, to which elecirical signals are fed, is connected fo a surface mount
adapter (SMA) conductor 214 via a feedthrough in the ground plane 204 while the
ground wire 212 is connected to the ground plane 204 in the proximity of the
feedthrough. The ground point of the SMA conductor 214 is also connected to the
ground plane 204 in the proximity of the feedthrough, but on the side of the ground
plane 204 opposite the plate radiator 202. Input to or oufput from the suspended plate
antenna is fed to the SMA conductor 214 and connected to external wireless

commumnication devices,

A pair of feed points 218 are present on the plate radiator 202, each feed point 218
being located at the center of and proximal to the edge of each of the opposing longer
sides of a rectangular slot 208 cut in the center of the plate radiator 202 as described in
the foregoing manner for the first embodiment. Each of the probe feed 210 and ground
wire 212 is connected to each of the pair of feed points 218 for symmetrically feeding
the plate radiator 202.




The probe feed 210, to which electrical signals are fed, i3 gapnegged to a
surface nount adapter (SMA) conductor 214 via a feedthrough in the ground
pl ane 204 Wihb1/e0eHe ground wire 212 is connected to the gr@usGoioente 204
in the proximty of the feedthrough. The ground point of the SMA conductor
214 is also connected to the ground plgne 204 in the proximty of the

f eedt hrough, but on the side of the gr&und pl ane 204 opposite the plate
radi ator 202. Input to or output fromthe suspended plate antenna is fed

to the SMA conductor 214 and connected to external w reless communication
devi ces. Alhehalansed fesding sonetoes of figs third epbedianmt isrieseribeglinteeatendptailor 202,
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pr obe-type f_eéalg‘i' ng structure 306 _is bal anced and configured to feed the

suspended $PL sRtterthan Bemdty ofdhs pipbaBsd1Phe  center of the plate

radiator 302. In this instance, the probe-type feeding structure 306 is a
mcrostrip line fed by a probe feed 310 that is spaced apart fromand in
parallel with a %round wall 312 as shown in Figs. 3a, 3b, and 3c. The
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in the gr@uhdpk&h®1 250 4oittcted b e gronimlplene®)4 in3eplosigppoetised to the

~ground plane 304 in the proximty of the feedthrough. The ground point of
the SMVA cdpiifercugh. 3lke greund peincefithe 8Mey consiugler 314 is also connected to the

ground plane 304 in the proximity of the feedthrough, but on the side of the ground
plane 304 opposite the plate radiator 302. Input to or output from the suspended plate
antenna is fed to the SMA conductor 314 and connected to external wireless

commumnication devices.

- The probe feed 310 and the ground wall 312 may be completely or partially separated
by foam, or any other infinitely- or finitely-sized dielectric material 316 that is inserted
into the space between the probe feed 310 and the ground wall 312.

A pair of feed points 318 are present on the plate radiator 302, each feed point 318
being located at the center of and proximal to the edge of each of the longer sides of a
rectangular slot 308 cut in the center of the plate radiator 302 as described in the
foregoing manner for the first embodiment. Each of the probe feed 310 and ground
wall 312 is connected to each of the pair of feed points 318 for symmetrically feeding
the plate radiator 302.




ground plane 304 in the proximty of the feedthrough, but gmjtiheossde of
the ground plane 304 opposite the plate radiator 302. Input to or output
fromthe NAPYHGEH plate antenna is fed to the SVA condudk@rS@iAvead
connected to external wireless conmunication devices. The probe feed 310
and the ground wall 312 may be conpletgly or partially separated by foam
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radi ator 302. 26 July 2005 WO 02/060014 PCT/ SG01/00009 15 The bal anced
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i nstance, the ,prpbe-éype feeding structure 406 iﬁ a CPWIlike structure 410
that cons®BEuad sfipg 4h7 shwaredetpar Ttk pagh sids of fhewabe fref 19 paditaprzalisl n

paral | el wedidy 9round wal | 412, and a pair of ground strips 413 that is
coplanar wth the probe feed as shown in Figs. 4a, 4b, and 4c. The width
of the ground wall 412 is typically greater than the width of the probe
feed 410, and each of the pair of coplanar ground strips 413 is spaced
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surface nadapter (S tcend{chiid¥)] 4cdma Getithiontbdn Vicgrantepldhd@ughilé thet he ground

pl ane 404 whil e }he X .
~ ground wall 412 and the pair of ground strips 413 are connected to the ground plane

404 in the proximity of the feedthrough. The ground point of the SMA conductor 414

is also connected to the ground plane 404 in the proximity of the feedthrough, but on
the side of the ground plane 404 opposite the plate radiator 402. Input to or output
from the suspended plate antenna is fed to the SMA conductor 414 and connected to

external wireless communication devices.

The probe feed 410 and the ground wall 412 may be completely or partially separated
by foam, or any other infinitely- or finitely-sized dielectric material 416 that is inserted
into the space between the probe feed 410 and the ground wall 412,

A pair of feed points 418 are present on the plate radiator 402, each feed point 418
being Jocated at the center of and proximal to the edge of each of the longer sides of a
rectangular slot 408 cut in the center of the plate radiator 402 as described in the
foregoing manner for the first embodiment. Each of the probe feed 410, and ground
wall 412 and ground strips 413, is connected to each of the pair of feed points 418 for
. symmetrically feeding the plate radiator 402, i




ground wall 412 and the pair of ground strips 413 are conngghg@gd2bost he
ground plane 404 in the proximty of the feedthrough. The ground point of
t he SMA cBHH0AM6B¢14414 s al so connected to the ground pl 3EE/AFA/PHWIt he
proximty of the feedthrough, but on the side of the ground plane 404
opposite the plate radiator 402. |nputysto or output fromthe suspended
plate antenna is fed to the SMA conductor 414 and connected to external

wi rel ess commruni cati on devices. The probe feed 410 and the ground wall 412

o 11 i ¢ oF e e Sredhgntord ol BF EAB o et S CorPled P BRI he space
bet ween. i EroRScd alpd Y0 K1dnd BE THERHIMY, V) frot Rk Aol bdimdeab poi it

418 are present on the plate’radiator 402, each feed poi nt 418 being
| ocat ed ais bekecekadaonfipumddo fred thamispended plateademe symastrically aheutilohger

id f I .SJ 4 t th t .h | at di at
209" as. deSer i Miteneizpg ol o sk Bo PR et P AR SRB Y Bhch of
the probe;, faeskcAbHin @Bk 806 that ¥Hslsts k2 @ﬂ%f%aﬁmggﬁbé Faeds 418 cadtbof

connected to each of "tthe pair of feed points 8 for symetrically feeding
t he pl at ewhizllicat:ies sipfal bedie danple2OER0° WD ephes0witl sipails SBogd dpdied 16 The
bal anced feedin str.ugl.‘t.ur% o%)gt h‘g fifth enbodi nent is described in greater
det ai | P 189 B P MEX- 51 and 5c. Preferably, the probe-like
feeding structure 506 is balanced and configured to feed the suspended

pl ate antenna symmetrically about the center of the plate radiator 502. In

this instance, the prgbe- e feedi structure i S bal ance feeding
syst em 50 et??é’fogﬂfﬂg‘? gngs éﬁzé‘) WE}C?‘ ei%:trbg;fl Eﬂg?gf arﬁa'gtggorpglg%;y HEIPI%E of
whi ch carigi i I i ; %gg ﬁjgﬁ@gozyyi EachSifaRepar carri ed
by the olﬁﬁgé}&ggqgﬁ(y\%nﬁhin%@?ggk&g?f& , ;ﬁéégrggﬁd he pair of probe feeds
510, to whipgbbefeed 510 ofithediaymalld incenredd tothsipdttetadisson 5B Ipprideor s

connected to .a. bal.un 514 vi,a f eedt hr h i he ound pl ane, 504. Each of
the pair owpuriogt e werndes B sxigonds (18 e A BHoaRt el o ace
radi at or §Q@nall WRMEsst@nBhunication devices.

A pair of feed points 518 are present on the plate radiator 502, each feed pomt 518
being located at the center of and proximal to the edge of each of the longer sides of a

- rectangular slot 508 cut in center of the plate radiator 502 as described in the foregoing
manner for the first embodiment. Each of the pair of probe feed 510 is connected to
each of the pair of feed points 518 for symmetrically feeding the plate radiator 502.

The balanced feeding structure of the sixth embodiment is described in greater detail
with reference to Figs. 6a, 6b, and 6c, Preferably, the probe-type feeding structure 606
is balanced and configured fo feed the suspended plate antenna symmetrically about the
center of the plate radiator 602. In this instance, the probe-type feeding structure 606 is
a pair of inverted-L strips 606 that consists of an inverted-L probe feed 610 the longer
side of which is spaced apart from and in parallel with the longer side of an inverted-L
ground wire 612 as shown in Figs. 6a, 6b, and 6c¢. The shorter sides of both the
inverted-L probe feed 610 and inverted-L ground wire 612 are equally spaced apart




out put fromthe suspended plate antenna is fed to the bal urs aig2e0sl
tonnected to external wreless comuni cati on devices. A pair of feed

poi nts 518¥V@PHIPPEsent on the plate radiator 502, each fed@CTHEHI00®I8
being located at the center of and proxinmal to the edge of each of the
longer sides of a rect angul ar slot 508 cut in center of the plate radiator

502 as de CI’Ide or.the firs odrre Each of
the pair o%r ilﬁiagitg ﬂ%’éﬂg‘? {)ﬁ %Ho%gergﬁ%slﬁ)g‘bymg?s Yeed poi nts
518 for S%mhéirﬁa;}tédq,flﬁmﬁ@ismﬂallﬁweﬂqﬂ%@ b wdid 212 afdwphabkanced feeding
structure of the sixth enbodinent is described in greater detail wth
reference to Figs. 6a, 6b, and 6c. Preferably, the probe-type feeding
structure 606 is balanced and configured to feed the suspended pl ate

ant enna SyfERivEHeARL! ﬁfo@é)fé%!& 616‘% whitlefdcttal & gﬁalﬁ’!n%tf@d r1§961ﬁ1%6’céd g§P2. In this

i nstance, the probe-type feedi’'ng structure 6 a pair I nverted-L
strips GOMmammmhsd@tt@ (BMAgrondnetorttd d via pfeshtrdusbdn &ilﬁgrothmi Margdd  si de

it FOSH SR e SRR 0,

si des of B@&boﬁlﬁetedlt@wgr@@h 1M th r6 the F@hhedch, BitQuAsk Wire 612
are equal ly Eaced apart 26 July 2005 02/ 060014 PCT/ SGQJ/ 00009 17 from
and in paﬁléﬁp ﬂle\ﬂf‘twdtm@’lqﬁ%to@riﬁﬁi@ﬂh@ plategadiaton68?., Inpaetd eywginut &8E short er
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are fed, Wwiekehdpehegichitoradeviddsf ace nount adapter (SMA) conductor 614 via a
f-"eedthrough in the ground plane 104 in the proximty of the feedthrough.

The ground point of the SMA conductor 614 is also connected to the ground
plane 604 in the proximty of the feedthrough, but on the side of the

ground pl eRes RGPS htehhs a&!o?&lﬁ% E@éih@&«ﬁﬁaeﬁ@ &f e iRvntiol nody Ukt from

t he suspended plate antenna is o the SMA conductor 614 and connected
t 0 ext er nialapplifatioine seruirtngningle eleinent, de ey, o8 diveTsiy astwp@mﬁmvpﬁtmé Bhe ennas

accordin gbalance(q?eegim Qru%tu%s atrg gre%erabelyr} Ellse%r%o rgayXJme?nca? (faeed the suspended plate

antennas and microstrip patch antennas as well as to suppress cross-polarization levels
in the H-plane and improve the radiation patterns in the E-plane within a broad weli-

matched pass-band.

In the foregoing manner, a structure for feeding a broadband suspended plate antenna,
and method therefor, which alleviates degraded radiation performance in the E- and H-
planes are described. Although a number of embodiments are described, it is apparent
to one skilied in the art in view of this disclosure that numerous changes and/or
modifications may be made without departing from the scope and spirit of the

. invention. For example, the plate radiators may have shapes that are electrically and
functionally similar to those that have been mentioned, but are not. Also, the plate
radiators and ground planes may not necessarily be planar, and such variations allow
the flexible implementation of such broadband suspended plate antennas to suit profiles
of housings within which the antennas may be disposed. For example, the plate
radiators I.nay be curved or corrugated with V- or U-cross sections, or have other non-
planar structures that are symmetrical about planes passing through the midlines of the
plate radiators. The ground planes may not necessarily be parallel with the plate




in applications requiring single elenment, array, or diversyd yppdesna
configurations. The bal anced feedi ng structures are preferably used to
symet ri caYOPHedOMhe suspended plate antennas and m cr ostPCRHSGOLWHY
antennas as well as to suppress cross-polarization levels in the H plane
and inprove the radiation patterns in ﬁhe E-plane within a broad well -
mat ched pass- band In the foregoing manner, a structure for feeding a

" br oadbandaslipierE @kﬁﬂﬁ@a@ﬁ@@#ﬁﬁm@%ﬂ)bﬁqﬁmﬁ@?@ﬂﬁgﬁﬁ Waﬁ%oﬁllet eV| at es
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skilled |ﬂmmhﬁumwsoﬂﬂkqﬂaaummhkmhls dlsclosure that numerous changes and/ or
nodi fications may be made wi t hout departing fromthe scope and spirit of
the invention. For exanple, the plate radiators may have shapes that are
electrically and functionally simlar to those that have been nentioned,
but are not. Also, the plate radiators and ground planes nay not
necessarily be planar, and such variations allow the flexible

i npl enentation of such broadband suspended plate antennas to suit profiles
of housings within which the antennas maybe di sposed. For exanple, the
plate radiators nmay be curved or corrugated with V- or U cross sections,

or have other non- planar structures that are symetrical about pl anes
passi ng through the mdlines of the plate radiators. The ground pl anes may
not necessarily be parallel with the plate 26 July 2005 WO 02/060014

PCT/ S&1/ 00009 18 radiators, but like the plate radiators may al so be
curved or corrugated, or have other non-planar structures that are
symmetrical with respect to the planes passing through the mdlines of the
plate radiators. 26 July 2005 WD 02/060014 PCT/ SGO /00009. 19 d ai ns




1. A-'suspended plate antenna for broadband applications, tbsjagtensa
conprising:. a plate radiator; a slot cut in the plate radiator; a

subst ant i af¥PyY28el0khced feeding structure symretrical ly feeBCH§GoH@og at e
radiator with respect to at |least one mdline of the plate radiator. 2. The
antenna as in claim1, wherein the slojgis synretrical about at |east one
m dline ofthe plate radiator. 3. The antenna as in claim1l1, wherein the
f eedi ng stcglﬁ'cﬁlﬁjre symmetrically feeds the plate radiator with respect to
the mdline of the plate radiator about which the slot is symetrical. 4.
The antenna as in claiml1, wherein the plate radiator is one of
rectangular, «cjrcular, triangular, bowtie |Iike, and trapezoidal. shapes,
or vari at ﬁons %W@%‘?ﬁe%’&aﬁﬂ@g%af’%lﬁﬁa f apRlicsfians g“%%’é?@?ﬁoﬁlﬁﬁsggbt is
rectangul ar or H-shaped or dog- bone like or bowtie |ike. 6. The antenna
as in claiml, 28FE9Rhe feeding structure is one of a pair of
mcrostrip lines, a pair of close parallel wires, a pair of asymetrical
mcrostrip li néé,l‘)t&u ioho plateepiipfor;ke structure, a bal anced feeding system

and a pair of inverted-L feeding strips, or variations thereof 7. The
antenna as in ésgbsigutiallivhaleacad feedingstactre axhmewically fesdingshe platel  about at

| east one.p: [5:1 % g 591@" 8 of .plate radiator. 26 July
2005 WO 6%}%%8]?%? g}%’lﬁ%gg% eQ? elatEgEfdel%ﬂ% as in claim1, further
i ncluding a.ground pl ane above which the plate radiator is suspended. 9.
The antenna as in claim8, wherein the ground plane is symretrical about at

| east one,pl an assing t.hrou a.mdline of the plate.radiator. 10. The
ant enna a& in ?ngl%e%n W&P@Fﬂqt FhgH, ES]ioglsfﬁymnéﬁgn%tllaho‘gtiaé&@%tt%ec
mat eri al . midline of the plate radiator. '

3. The antenna as in claim 1, wherein the feeding structure symmetrically feeds
the plate radiator with respect to the midline of the plate radiator about which the slot is

symmetrical.

4. The antenna as in claim 1, wherein the plate radiator is one of rectangular,

circular, triangular, bow-tie like, and trapezoidal shapes, or variations thereof,

5. The antenna as in claim 1, wherein the slot is rectangular or H-shaped or dog-

bone like or bow-tie like.

6. The antenna as in claim 1, wherein the feeding structure is one of a pair of
microstrip lines, a pair of close parallel wires, a pair of asynimetrical microstrip lines, a
CPW or CPW-like structure, a balanced feeding system, and a pair of inverted-L

feeding strips, or variations thereof.

7. The antenna as in claim 1, wherein the plate radiator is symmetrical about at

least one plane passing through a midline of the plate radiator.




11. A nmethod for feeding a suspended plate antenna for broagbapcoos
applications, the nethod conprising the steps of: providing a plate

radi ator; YWP8¥PWHg a slot cut in the plate radiator; and PEI/RGUEN0009
substantially bal anced feeding structure for symetrically feeding the
plate radiator with respect to and closg to the center of the plate
radiator. 12. The nethod as in claim11l, wherein the step of providing the
cut slot includes the step of providing a cut slot which is symetri cal

about at |lgast .gne mdline af. the | ate radiator. 13. The nmethod as in
claim11, Sthere %@%F@P%ﬁ%iﬂ ﬁf&ﬁ?rﬁéaﬂé@aiareaowmmﬁbeve vt thes t he

step of usijlgtgrgd]ﬁofgegqgﬂégdaructure for syimmetrically feeding the plate
radiator with respect to the mdline of the plate radi ator about which the

slot is symmetrical. 14. The nmethod as in claim 11, wherein the step of
providing the plate radiator includes the step of providing the plate

radi at or havi noripNgha L8 N ' | Al . tie like,
and trapezoi dal shapes? O%@%%’%%%eﬁghttﬁ%@g?c}p%éégs[}s%ﬁn%%%at?% ¢ /060014
PCT/ SGA / 3ex300ne Pland passifigehmoegtha thidlind of thd platarddiatonher ei n the step of
providing the cut slot includes the step of cutting the slot which is

rect angul ar or H shaped or dog-bone |ike or bowtie |I|ike. 16. The nethod
as in claim1l1l, wherein the step of using the feeding structure includes

the step dD. usiThg ahtant eeth digins9, Wisdreih Shedpacdisi fHlednaiOdieRcRRInkatefal.
mcrostrip lines, a pair of close parallel wires, a pair of asymmetrical
mcrostrip lines, a CPWor CPWIike structure, a balanced feeding system
and a pair of inverted-L feeding strips, or variations thereof. 17. The

“method asiin cliameibl forfrediay a shiiRnatEaianBiny sl ishdbhd BfHcaHsRAIHAL O

method comprising the steps of:
providing a plate radiator;
providing a slot cut in the plate radiator; and

using a substantially balanced feeding structure for symmetrically feeding the

plate radiator with respect to and close to the center of the plate radiator.

12.  Themethod as in claim 11, wherein the step of providing the cut slot includes
the step of providing a cut slot which is symmetrical about at least one midline of the

plate radiator.

13. The method as in claim 11, wherein the step of using the feeding structure

| includes the step of using the feeding structure for symmetrically feeding the plate
radiator with respect to the midline of the plate radiator about which the slot is
symmetrical.

14.  The method as in claim 11, wherein the step of providing the plate radiator
includes the step of providing the plate radiator having one of rectangular, circular,

triangular, bow-tie like, and trapezoidal shapes, or variations thereof.




further includes of providing a plate radiator which is sypamyboed about

at | east one | ane passing through a mdline of the plate radiator. 18.
The et hod"%ﬂy&qm&l aim 11, further including the step of pr@Vs@itegooa gr ound
pl ane above which the plate radiator is suspended. 19. The method as in
claim 18, wherein the step of providing;the ground plane includes the step
of providing a ground plane which is symmetrical about at |east one plane
passing through a mdline of the plate radiator. 20. The method as in claim

0, e R ot RO B AT e 1

di el ect r i qhérBteg bf @ltting GV RIBEARPeRZAR: NI B %%EENPE@J E
ANTENNAS (err AbstéF_actS: A suslpende pl ate antenna gor br oad aﬁiﬁz

applicati di€- i s disclosed. The antenna conprises a plate radiator, a sl ot
cut in the plate radiator, and a substantially bal anced feeding structure
symmetrically feeding the plate radiator with respect to at |east one

m dline of the plate radiator.
16.  The method as in claim 11, wherein the step of using the feeding structure

includes the step of using the feeding structure which is one of a pair of microstrip
lines, a pair of close paraliel wires, a pair of asymmetrical microstrip lines, a CPW or
CPW-like structure, a balanced feeding system, and a pair of inverted-1. feeding strips,

or variations thereof.

17.  The method as in claim 11, wherein the step of providing the plate radiator
further includes of providing a plate radiator which is symmetrical about at least one
plane passing through a midline of the plate radiator.

18.  The method as in claim 11, further including the step of providing a ground
plane above which the plate radiator is suspended.

19.  The method as in claim 18, wherein the step of providing the ground plane
includes the step of providing a ground plane which is symmetrical about at least one
plane passing through a midline of the plate radiator.

20.  The method asin claim 19, wherein the step of providing the ground plane
further includes the step of proﬁding the ground plane wherein the space is filled with

dielectric material.






