WD 03/ 096477 PCT/ SG03/ 00110 1 BROADBAND SUSPENDED PLATE ANTENNA W TH
MULTI - PO NT FEED Field O Invention 5 The invention relates generally to
ant ennas. wiogw3pas477cul ar, the invention relates to a broadizamtiswspended
pl ate antenna. Background Rapidly devel opi ng nodem wi rel ess comuni cati on
systens require antennas of 10 small size, |ow cost, powerful perfornmance,
and ease of manufacture and integratidn. Mniature or conpact antennas are
suited for FWHAPBANDSUSPENPED PCATEWNTENNAWITH MELEMIOINTIREEX at i on of
base station antennas. Ease of manufacture and cheap materials |ower the
cost of antennas in industrial applications. To neet the performance

st andar ds r g4 O fnRMtigpdem wi rel ess communi cation systens, 15 broadeni ng
t he bandwi dt hs of antennas i s _becom ng increasingly necessary and

chal | engi ng Thebwetionielaas sopmby o anBsn A3 PHHCWHePP MySRim TP/geRo 2 such as
mcrostrip pRLatnAREHENRE platdin@nad inverted L- or F-antennas (ILAs or

| FAs), and suspended pl ate antennas, suffer 20 an inherently narrow

i npedance bandwi dth, typically of only a few percent. The narrow i npedance
bandw dt h OfBaSI?é}Xﬁﬂ&i onal planar antennas |limts the broadband
applications of° conventional planar antennas. To alleviate the problem of
nar r ow i npe®apidly deaeldpingmioders sitsleseeommiupiratohavismp suire semiasposed for t he
desi gn of br r i j : S,

Fochni quds. SAEnuZe fpf LA Pn B Ko kndbaE! ARRIBCRR. 60 A0 EARES

el ectri cal | Mihhivckoswbphetahiesnas aredutidicfor avhieyhg cnabdity of comeuidaiign net wor ks

have been wi dely used. .The..enhanc J d gggﬂw si ngl e-l ayer
single 30 elugﬁseﬂ% Sacg(érilzﬁtﬁo? %fbﬁgeu%%ogq#g%ggt ﬁ%(r%%i 0 ortarggl\q‘/%ﬁe%%e st andi ng
wave rati o 4iBAR)s loder tBe dost dantephaa iaindbdid applichtions., To echithgues such as
replacing the wire radiators of..the wire. IlLAs or |FE i pl anar

radi at ors arﬁ’ﬂ‘?f%‘fma%easgarnrq@rdﬁﬁetqglf‘?daqy W‘i@ﬁl Wr%lﬁss58@'%“???@??&%?%

15  broadening the bandwidths of antennas is becoming increasingly necessary and

challenging.

Conventional planar antennas in their basic forms, such as microstrip patch antennas,

planar inverted L- or F-antennas (ILAs or IFAs), and suspended plate antennas, suffer
20  an inherently narrow impedance bandwidth, typically of only a few percent. The

narrow impedance bandwidth of conventional planar antennas limits the broadband

applications of conventional planar antennas.

To alleviate the problem of narrow impedance bandwidth, some techniques have been

25 proposed for the design of broadband planar antennas.

For microstrip patch antennas, techniques suc;h as the addition of parasitic elements,
the use of electrically thick substrates, and the introduction of matching networks have
been widely used. The enhanced impedance bandwidth for a single-layer single-

30  element design is usually less than 10% for a voltage standing wave ratio (VSWR) of
2:1.

For planar ILAs or IFAs, techniques such as replacing the wire radiators of the wire

ILAs or IFAs with planar radiators and/or loading material with high permittivity are



WO 03/096477 PCT/ S&3/00110 2 usually enployed. The inproved i npedance
bandwidth is also approximately 10% for a VSWR of 2:1. 5 For suspended

pl ate antewon@aowd7th t hi ck substrates of |ow dielectric cortrsaoes/oabotting
or notching the plates as well as el ectromagnetic coupling between the

pl ates and probes of the suspended pl ate antennas have been introduced to
real i se good matching conditions in oadband applications. Aneliorated

i npedance bamehliydtipdoyed. eTherimpivered omppdance bartigbdth issdspapproxmagdy\%6ffor2: 1. 10
However, eacat\]sq{,Rt ?2_1pr oposed techniques for alleviating the narrow

i npedance bandw d “probl em has drawbacks. For mcrostrip patch antennas,
adding the parasitic elenents vertically or laterally 15 increases size,

cost and conpl exi t f nuf acture,. Using.the.electrically thic

subst rat de. e Snebief b ARKARS gt Ble bl AL R LB R aplr s ey s
surface wawesotahiflg deglastas well lhosisctrolmapiicnid coupligg bettvel thg pheswnt ks reduces
radi ati on effi.ci eﬂté%/éand C

icates.the design and fabricafion.of the
antenna. ForP"¢P&p QSPWE&J err‘?a eagasél%eﬁ?ﬁ’fl glfcﬁfli?o rte?a'il © &2 18%@8?%
i rrpedalnce bapaditicshin b®adband hﬁﬂbaﬁb&ﬂﬁAﬁﬂidrﬁS@ lirﬁ;fbfddihfc\:é@%\ﬁd\xa&hi @t irathySVR ]9;
2:1. Planar ILAs or |F oa with material o igh permttivity suffer
from | arge ﬁr‘%}éOf%Nﬁﬁ%ﬂfl%%gfg%&?ézhchi evabl e i npedance bandwi dth is
approximaptely 10% for a VSWR of 2:1. 25 Suspended pl ate antennas have
br oadened i npedance bandwi dths in _the order of 10% 40%for a VSWR of 2:1
after appli d&RWS#: efchwitheprrpossdiedaiqae-fapaleniatng the BRTFNY HiRedancso | n US

Patent No. WandyiB@PrShldn hdurhwhed@ance tab is introduced to increase the
i npedance bandwi dth of a suspended mcrostrip antenna, in which part of the

ground plane near the feed of the suspended microstrip antenna is raised
and nmade parg) hﬁérostn‘?p patch antennas, adding the parasitic elements vertically or laterally

15  increases size, cost and complexity of manufacture. Using the electrically thick
substrates increases cost and lowers radiation efficiency due to increased surface
waves and dielectric loss. Introducing matching networks reduces radiation efficiency
and complicates the design and fabrication of the antenna. For a single-layer single-
element design, the achievable impedance bandwidth is limited, usually less than 10%

20 fora VSWR of 2:1.

Planar ILAs or IFAs loaded with material of high permittivity suffer from large size
and high cost. The achievable impedance bandwidth is approximately 10% for a
VSWR of 2:1.

25
Suspended plate antennas have broadened impedance bandwidths in the order of 10%
~40% for a VSWR of 2:1 after application of various impedance-matching
techniques.

30  In US Patent No. US 4,605,933, an impedance tab is introduced to increase the
impedance bandwidth of a suspended microstrip antenna, in which part of the ground
plane near the feed of the suspended microstrip antenna is raised and made parallel to

the antenna’s radiator. The impedance bandwidth is increased to 70% for a VSWR of



the antenna's radi ator. The inpedance bandwidth is increased to 70%for a
VSWR of WO 03/096477 PCT/ SG03/00110 3 2:1. However, the conplexity of
manuf act uwe® @a9eall as the difficulty of array applicati eea/stesmoiincr eases
as aresult. 5 There is clearly a need for feeding structures for

i ncreasi ng the inpedance bandwi dth of suspended pl ate antenna. Sunmary
Feeding structures for suspended plat® antennas are discl osed hereinafter
for 10 enhancimEvdvee tHerRepRrARE oDaatitctihaspesf s rnediffeuldf ofsumlh ant ennas. \Wen
applying any_ of these feeding structures, a nulti-di nmensional broadband

i mpedance taP@#F@F%Sr@Pm‘F%aS?SrﬂSgé?S&{ted with a suspended plate antenna. The

i npedance transformer electrically interconnects the radiating plate and

f eedi ng probe of the suspended plate angnna. As a result, %hg i npedance
bandwi dtsh i Ehererig pleabicnecd g ferding strastines LF SsErsing te drpeengefandwidih o dance
transf or mrofisﬁpgﬁeh?meeangegngl | ow the flexible design and adjustnent of the
feeding structure. Through the multi-di nmensional broadband i npedance
transforner, the radiating plate is fed at nmultiple points such as a |line
or an ar ea'Sl%[I“%l%l‘é'f eedi ng techni que provides for 20 the sinultaneous
excitenment o radiating plate in different positions even though the

f eedi ng pr dizeding stancowenfonsuspanded plaie pefannes areidisalopeddieraiRgfist 8be. The radi ati ng
pl ate b (ﬂ‘ﬁ%p WeTalt ' | LbdiaRguUl ar,
bowtie-1i kegl}lg{l%lgpeezlm a%nragir)l%]{a?\’ ﬁde%ﬁP‘?r e g@g%?{%gﬁ%ﬁ%ge%ﬁeﬁ%gd?ati ng plate
may al so  2myiofithesecfieeimgy/stowctuces rebinnlit dimensisha hspadbens impadpnpaE@SEIM$ar asi ti c

el enents. The . radiatin | at f. iating

pl ate may ar gge%aee%g{ﬂé%g%p%r}d%%P%%étag%_ﬁ?a. ?ﬁg lrgééllag{ei%gg\g atrg@ngifl?{jso be
short - ci r cuintee@nip¢isaheradiatinpplete phdfeeding plobeofthe suspinded plalsungnpl ffe of t he

suspended pl at nt.enna. 30 The .i.npedance +ransf . ctrically
connect ed t%r%‘ﬁb8’5916‘8%(%8?6%%‘@@%%5%6% gﬁé?:h rl%gg %%ngﬁ%o%ggest é)?lﬁhgdi ating
pl ate. The inffleedds tenstoransik enrmabdle thajiowliedlekible desipr methdpstadnovftbe. The

i npedance transforner nmay al so be any or conbinati on of one
feeding structure.

Through the multi-dimensional broadband impedance transformer, the radiating plate
is fed at multiple points such as a line or an area. This feeding technique provides for
20 the simultaneous excitement of the radiating plate in different positions even though

the feeding probe is a conventional narrow or thin feeding probe.

The radiating plate may be any or combination of rectangular, circular, triangular,
bow-tie-like, trapezoidal and the like geometric shape. The radiating plate may also
25  include any or combination of vertical and lateral parasitic elements. The radiating
plate may also be flat or uneven. The radiating plate may also be notched or slotted.
The radiating plate may also be short-circuited by one or more pins or sheets to the

ground plane of the suspended plate antenna.

30  The impedance transformer may be electrically connected to the probe or other signal
feeding means for the radiating plate. The impedance transformer may also be
notched or slotted. The impedance transformer may also be any or combination of one
or more flat sheets, one or more cylinders or part thereof, and one or more symmetric

or asymmetric bodies with contours of arbitrary shapes and profiles.



or nore flat sheets, one or nore cylinders or part thereof, and one or nore
symmetric or asymmetric bodies with contours of arbitrary shapes and
profil es. Wd30864096477 PCT/ SG03/ 00110 4 The ground pl ane raaysdms/oany or
conbi nati on of rectangular, circular, triangular, bow tie-Ilike,

trapezoidal and the |ike geonetric shape. The ground plane may al so be fl at
or uneven. The ground plane may also Be infinite or finite. The ground

pl ane may 5T goudieplaeindyad aay osdonibiradon dihectirembanioiprdan friapguterd bameous| y

feeding the_ radiating pla mul tipl oipts such.as a Jinesor an area
at the diffE?gﬂ$“ﬁﬁggpﬁﬁﬁé%ﬁﬁhFﬁgnpﬁgf§?ﬁﬁg ﬁ%@%ﬁﬁ%?eggyﬁkﬁp?gﬁ to antenna
arrays Wit hotoMevéd TheguadpRadiRaghled®haniteldi€inite ethagoirdgtmeaag may al so 10
be used in linear polarization or circular polarization applications. The
feedi ng Schéibe pagped Psgotid- used in broadband and nulti-band, or nulti-node
applications. Therefore in accordance with a first aspect of the invention,
there is disclosed hereinafter a broadband. su pendﬁ@hﬁlate ant enna. Such

an antenna E@%ﬁﬂF@E@Pﬁﬁ&W@mmﬁsﬁY3?d@%EHFﬂbm§¥@ & USROS SUCAAS2 2 ground
conductor, gRdyanadiadtht QSRR PRMon¥bf Bb rdduis e PRtedhStbelppiadiihie ground
conductor. The antenna al so conprises a feeding el enment which is

el ectri cal | yntommaeysewith Gordiamoragnteing plgmentsndhe feding trghniguednyr3dio ty of feed
points qp t | el ARG rcS PIRiz e HERAENE. TheREhe b
electrigglIggg%ﬁﬁ%g%%ﬂgﬂ§% ﬁﬁgrﬁganngbrzfeeééﬁb signal s andgstggﬁed W t h

t he radi ati mgy elsehensed ambrogdbanhendagultbaglh ot mplti-medesppbitaigifce with a second
aspect of the invention, there is disclosed hereinafter a nethod for
feeding a broadband suspended plate antenna having a radi ating el ement and
ground condb¢refore fheconbnbowit o fipt apes of fhe inveriim, therefiedigiloagdsi gnal s to the
25 antenna, , se at i.n radi at i I : r, and

pr ovi di ng. a*SF BRI S A IR L, PRI e ReefRANERET

el enment 150 fdrefeddiagisipnaldgo the lhntemmnt a glomalighdectq) andal radigtingfeldnemtivipioh nt s on t he

diating el enent, int ding elenent is electricall ted
o the naant FoPrLBtG BpiiieaiER Seat e s iR & onen: “and

ground condwgiddns electrically connected to the radiating element through a plurality of feed

points on the radiating element, wherein the feeding element is electrically connected
to the means for feeding signals and stacked with the radiating element and ground

20 conductor.

In accordance with a second aspect of the invention, there is disclosed hereinafter a
method for feeding a broadband suspended plate antenna having a radiating element
and ground conductor. The method comprises the steps of feeding signals to the

25  antenna, separating a radiating element from a ground conductor, and providing a
feeding element and electrically connecting the feeding element to the radiating
element through a plurality of feed points on the radiating element, wherein the
feeding element is electrically connected to the means for feeding signals and stacked
with the radiating element and ground conductor.

30



30 WD 03/096477 PCT/ S&3/00110 5 Brief Description O Draw ngs Enbodi ments
of the invention are described hereinafter with reference to the draw ngs,
i n whi ch: wo& Biog6471 a shows a perspective view of a suspended/gdoaeriant enna
with a feeding structure according to an enbodi nent of the invention; Fig.
| b shows a bl ock di agram of the suspended plate antenna of Fig. 1 a; 10
Fig. 2a shows views of the front, sidé and bottom el evati ons of a

rect angul argristiseengiesh OF Bi-eviags enna wi th an inpedance transformer for

| i near pol arization operations cor di to a fir emhodi nent of the
i nventi on; @@bﬁmﬁgﬂﬁﬂﬂgﬁgwgﬁpﬂém a%%Fi@%v f&?hf%%m?%g? fgul ar suspended
pl ate ant engawmB9Wwhih: Fi 9. 2a; Fig. 2c shows the neasured radiation

patterns (E-plane) of the rectangul ar suspended plate antenna of Fig. 2a
at operating frequencies of 1.6GH# and 2.4GHz; 20 Fig. 2d shows the

nmeasur ed 1 agiatq QBwORbL§IBEv(VibbB Wipealficd flge bRSiARNM Alcditsp@tuad plate
antenna of Fi'g. 2a at operating frequencies of 1.6GH# and 2.4GHz; and Fig.
3 shows vi edgsogfngtipan e 1?ﬂgpg@eaﬁﬁmﬁﬁtton1elevations of a rectangul ar
suspended 25 plate antenna with an inpedance transforner for circul ar

pol ari zation operations according to a second enbodi rent of the invention.
Det ai | ed DeEigr Ibpthown a Blesl diagramof thersusngadadplainntenma of Biedscri bed herei nafter
for addressing the need for 30 feeding structures for advantageously

i ncreasing the inpedance bandwi dth of suspended plate antennas to the
order of 60Bigo2a shbww eiefvepf the (tSniRsidd and: bpttoryiglevatinas pharesergidatur es accor di ng

to embodi ”eé‘&sﬁen%fed Iglta]t% ahfg}ﬁ?a%f.tkpﬁl 1{n$le@a1i1§e ffhstomEdB GiRar polarization

operations according to a first embodiment of the invention;

15  Fig. 2b shows the measured VSWR of the rectangular suspended plate antenma shown
of Fig. 2a;

Fig. 2¢ shows the measured radiation patterns (E-plane) of the rectangular suspended
plate antenna of Fig. 2a at operating frequencies of 1.6GHz and 2.4GHz;

20
Fig. 2d shows the measured radiation patterns (H-plane) of the rectangular suspended

plate antenna of Fig. 2a at operating frequencies of 1.6GHz and 2.4GHz; and

Fig. 3 shows views of the front, side and bottom elevations of a rectangular suspended
25  plate antenna with an impedance transformer for circular polarization operations

according to a second embodiment of the invention.

Detailed Description
Embodiments of the invention are described hereinafter for addressing the need for
30 feeding structures for advantageously increasing the impedance bandwidth of

suspended plate antennas to the order of 60% or above for a VSWR of 2:1.

The feeding structures according to embodiments of the invention relate to impedance

matching structures which are used to further enhance the impedance bandwidth of



mat chi ng structures which are used to further enhance the inpedance

bandw dth of WO 03/096477 PCT/ S®3/00110 6 suspended plate antennas. The

f eedi ng swoustoss4es further relate to suspended plate ant ewumsdmpdiing

met hods, in which the radiating plates of suspended plate antennas are fed
electrical signals by feeding structures which include nulti-dinmensional

i npedance 5 transforners. For all inténts and purposes herein, the

(r:rul ti-di ”?%ﬁiﬁéﬂ%l_ﬂlﬁh@ﬁhﬂ%ﬁf Tl'(lferf@dalii{gq;&ﬁaﬁxlss Airhecol&! o wspadedwphte profil es or
ross-sections ic en_taken al ong. plapes substanti.all arallel to the
radi ating prisresteadios mglhedam Vi e F%P@'@E P{;F?é ﬁ§ %ﬁﬁ%en%ﬁi @?ﬁe |‘%‘§B’6’P are

Cross- sect i pNgeQficAt KBHANDY RBdEhg HACHAY viHicH iRtdshafalimémedbligpeRacs such as

f eedi ng probes. The resultant 1 npedance bandw dth.is j r.ove(ﬁ to a great

extent dveriransfomany dfarial itentsand parress herea thedptlidAucnsions BPFRE s uch

conventi on g.Jracl} QR ohsRhfted RitRPRKild L6 LOMmME ShichReheh &&6h MlEnGt r uct ur es
for suspended plate antennas are described hereinafter wwth reference to

Ei gs % a, JdaremebStaniidlymdiatiel te SrevadistingPlataspEuhemtelyfargshapfifent i on for

5 enhanci | IR LIRS BarRy SEmSERNTOMBE AL QuchBs ennas.  An

of these f e%’tﬁlgg()ﬂscg&rggg?%?g%&&ﬁ‘%ers ?rom gonygnté‘?onal eedi ngcstructures g

such as a ciba:mgﬂgopnsoﬂheraamltaapmpbdmeb@ﬂmdthg improyedte agieat PEEHIONY structure

integrates a feedi el e | i i =1d] j nd

i rrpedanioe tcrog?ﬁ?%?aﬁglrmpf%{ég B%tegége%%aﬁcf Ileni) %ﬂﬁ égc}ggﬁgﬁfﬁ gm%rﬁg& 8?%23 band

i npedance tsigmsfeedingmeadsect ri cal [y interconnects the 20 radiating el ement,

such as the radiating plate, and signal feeding neans, such as the feeding

probe, of the suspended plate antenna as shown in Fig. |b. As a result, the

ltgpedance bﬁmh diidstattutds Sorsuspried pthipiminasart desaabadseierefteawidd. Mor eover,
e two- or ree-di.nensional, desi.gn of the i danc r allows

the flexibl ’@%‘Wé@? .lg%lﬂ)d&%l?ﬂ szlcﬁ%rﬁg‘gé? VATOES FRETI Y Ss?efr%é(’:@g?nfem% The

e gbod It meqt Serlﬂifincﬁrbﬁ:hé gﬁﬁéﬂﬁﬂo@ @erﬁ(ﬁrﬁl;%dkhﬁd rentspendeEigtae attecias Aty o tieserber  of

advant ages. I n accordance w th enbodi ts. of the invention,. .a f.eedin

structure frding sfrichiues igers fem; C%@Bﬁﬂgggﬁ‘iﬂ%lwpﬁ%&f‘%ﬁsapc@ AP MCat e )

antennas i nglud@se Blplihg because the feeding structure integrates a feeding element which

is multi-dimensional broadband impedance transformer into a suspended plate

antenna. The broadband impedance transformer electrically interconnects the

20  radiating element, such as the radiating plate, and signal feeding means, such as the
feeding probe, of the suspended plate antenna as shown in Fig. 1b. As a result, the
impedance bandwidth of the suspended plate antenna is increased. Moreover, the two-
or three-dimensional design of the impedance transformer allows the flexible design
and adjustment of the feeding structure.

25
The embodiments of the invention are inherently associated with a number of
advantages. In accordance with embodiments of the invention, a feeding structure for
increasing the impedance bandwidth of suspended plate antennas includes multi-
dimensional impedance transformer. Such an impedance transformer is integrated into

30  the suspended plate antenna without increasing its overall dimensions. The impedance
transformer is simple in construction which therefore advantageously renders the
design of the feeding structure flexible. In addition, the impedance transformer
advantageously facilitates ease of manufacture in relation to the suspended plate

antenna.



di mensi onal inpedance transformer. Such an inpedance transformer is
integrated into 30 the suspended plate antenna without increasing its
overal | dweoersaves13. The i npedance transfornmer is sinple ipCTSGISHOLIOt i ON
whi ch t herefore advantageously renders the design of the feeding structure
flexible. In addition, the inpedance transfornmer advantageously
facilitates ease of manufacture in rellation to the suspended plate

ant enna. WOROABATRe i heE0S{qRitck Ghe féedihestatinrrtd st thearediatig riee hod

requires the feeding structure to feed the .radjatin late,. at nultiple
e g

spaced- aparat TBHIRISRRPAPAE OpeATHEWOUs BPTHSFRINg 3 H B0 A1P2:PBHMOBbRt i nuous or

ot herw se, lfstea04n8EaddrsRRAN psigl. Mthis FEHisy hewel BpastrbhGadding tizased on
feeding the 5 suspended plate antenna_via an sjgnal feedi ng. qge%ns using a

convent i bnasuspenile Flaie anteepe Vi arsignakisedingmeans using p SenvEREHAl B 1ePdg  5ce

mount - adapt gt,d S 2 3Bk bRGE bf £aldaYe me@ A8Skd: (M08 glctibalyf eedi ng
structure to the radiating plate at nultiple points such as a lLine or an

.e. ‘
area by measssnesting fhrpyghdealieding stmarrede ferradipdieniate paultple BRESSEY  f eedi ng
currents to,sijml EXGk LS inkf38arc8 dhikdRgr. DbAhEmdlallbietheespect i ve
positions 1%?5%1 tokgpfﬁg%lﬁ%%&eng p%alt ea..% a'll'r?i s feedi rng ms\%ahoda t herefore
advant ageoufkdingburomts tasibnbabensly exee thenediatingminig ahe repegepeili€ed t han
t he conyenti.anal dj . Of ' JsRWMIRGys b Bidaadeedi ng
orobo t o0 di P fayﬂaﬁ%%%ﬁ?h?ﬁisg%?a‘?i%%%gﬁg?%@@é‘?vﬁ’é%ﬁé s B e i ng
met hod, t heinpepadabaelwidh tosamhieecddhan the canyspwnaldeedinegnehed of using ennas may
be advant agequsly i nprov i thout, t o itic elenments. The
structure o'f’lﬂyia %@%gﬁﬁfgﬁe%?&é% r(g?lettgrqﬁgc#ggeda\nﬂ?%aéu? 5 ing el ement herein
known as an inpedance transformer 104 according to an enbodi nent of the

invention is 20 described j.n greater .detail with r igs. 1 a and
lb. In the éﬁ%@‘?ﬁo%&uih aa%%dlng@dﬁftgﬂ%?lellff’?? BT RGi°a ?H%S{)@gﬁgsp%@g&:used as a
radi ati ng eprmRAtenh® niiydkaiabligedisdinpiovad Without thenisaofhnpearhste | y conduct i ng
and suspended in parallel to a ground conductor such as a ground pl ane
108. A prob8¢®§¥e feeding structure 110 extendi ng through a feed- through
112 such as an aperture in the ground plane 108 functioning as a signal

The structure of a suspended plate antenna 102 with a feeding element herein known
as an impedance transformer 104 according to an embodiment of the invention is

20  described in greater detail with reference to Figs. 1a and 1b. In the suspended plate
antenna 102, a radiating plate 106 used as a radiating element is preferably electrically
thin and perfectly conducting and suspended in parallel to a ground conductor such as
a ground plane 108. A probe-type feeding structure 110 extending through a feed-
through 112 such as an aperture in the ground plane 108 functioning as a signal

25  feeding means is preferably used. The impedance transformer 104, which is
preferably a perfectly electrically conduction element and multi-dimensional,
electrically interconnects the probe-type feeding structure 110 to the radiating plate
106. The radiating plate 106 and impedance transformer 104 may be completely or
partly supported by electrically thin/thick air, foam or any other infinitely/finitely-size

30  dielectric materials.

The radiating plate 106 may also be of rectangular, triangular, trapezoidal, circular,
bow-tie-like shapes, or other variations or combinations of such geometrical shapes.

The radiating plate may also include a notch 114 or slot 116. The radiating plate may



25 feeding nmeans is preferably used. The inpedance transformer 104, which
is preferably a perfectly electrically conduction el enent and

mul ti-di maso3emed7; el ectrically interconnects the probe-taquesdomsmdiing
structure 110 to the radiating plate 106. The radiating plate 106 and

i npedance transforner 104 may be conpletely or partly supported by
electrically thin/thick air, foamor 8ny other infinitely/finitely-size 30

di el ect ri ¢ y¥Bta@bd weten, 4 BiRglbAleatihdlgeRinaticorlif@udenyachédsa phrsitit rect angul ar,

triangul ar, trapezaqgidal, circular, bowtie-|ike shapes, or_ other

vari ati ons % ighppsvestically ehlatjﬁglﬁféft?‘i?‘ﬁ‘yo tﬁ‘h%ﬁ%ﬁl?g 1512'rtf‘éiéo(?'adi ating plate
may al so include a notch 114 or slot 116. The radiating plate may WO

03/ 096477 PCT/ SG3/00110 8 be flat or uneven, a sinqle-l?%ﬁ% b

si ngl e- & enEsrmultidimensiopy eondustingglement ghihg appedance JARHAHCL Bho%ay be
vertically QF o ahff @bty oBbiRERE tishehRE tapsbortbl, Bigcultlrgow-léfke shaphe

mul ti-di mensional conducting el enment” of the inpedance transfornmer 104 maybe
one or nor eorsitwevariagipns e comhigetions of such geryrattg shapss apepifilest ThepPal ar,

bow-ti e-11 kg, 3hahg) con@n%cﬁﬁ%ﬁ%&eﬂ%f Rl BOEn&d trd&nfsRh&abl ai§ aRb bS BRI rgeonet ri c
shapes and profiles. e t1- dinmensional conducting el enment of the

i mpedance tmares§ometicalld symayeteita bodies of mevobition piarbitrgipeplopssugh asr

asynmet li(i CalleCt?l?%%éa%stai?{ﬁ}liai\/&Jcﬁﬁ]% & egfcu?\rep,i&rtl‘?erl}fcegﬂdﬁEQéHd T GJ" B2 10

rect angul ar ng circular  shapes, curves, or the |Ike shapes and
profiles. Tinelti-dimkisiondl copdsitionelememmaiycisowe nefchadennslotted/andl fagohe not ched or
slotted and flat or uneven. Fig. 2a shows a broadband rectangul ar
suspended pt™8t&"ant enna 202 for linear 15 polarization operation in
accordance with a first enbodi mrent of the invention. The rectangul ar

suspended pl.at ntenpa 202.is preferably .a.planar . formed from

pl anar cond tfan%(’%? B“rof"é?agd Eﬁ"‘iﬁlgpgarcsgﬂjgg o pclﬂqe e nln%?/wnfg&gﬂ{agw VSWR over a
broad fi5 eqpaneMtisBs@eatioh tPicc@liimee Withe: firftamb6dittehiont theSuWaod, He i | | ustrat ed
suspended_ prabasPERRcd g are S 83 raane e gs PR TR ge. 2c
and 2d, respefdric¥Riu¥ting@iterls HASEEapale Bf R¥iching W YSWIRoRt abedadr e of the

first enmbodi nent shown in Fig 2a is ) -
frequency range, typically more than 60% for VSWR<2:1 as illustrated in Fig. 2b.

The far-field radiation patterns in the E- and H-planes of the suspended plate antenna
20 202 are also measured and plotted in Figs. 2¢ and 2d, respectively.

For purposes of brevity, only the structure of the first embodiment shown in Fig 2a is
described in detail. The structure of the second embodiment shown in Fig. 3, which is
a broadband rectangular suspended plate antenna 302 for circularly polarized

25  operation, in general includes parts or features such as radiating plate, ground plane,
and feeding probe, that are have similar geometric shapes and profiles with parts or
features in the first embodiment, excepting the shapes of the feeding structure .Such
similarly shaped parts or features in the second embodiment are therefore designated
by reference numerals that correspond to reference numerals designating the

30  corresponding parts or features of the first embodiment.

In the rectangular suspended plate antenna 202 shown in Fig. 2a, a multi-dimensional

electrically conducting element, which is preferably perfectly electrically conducting,



described in detail. The structure of the second enbodi nent shown in Fig.

3, which is a broadband rectangul ar suspended pl ate antenna 302 for

ci rcul arl wopwloas47zed 25 operation, in general includes parm/sgosfoeadur es

such as radiating plate, ground plane, and feeding probe, that are have

simlar geonetric shapes and profiles with parts or features in the first
enbodi ment, excepting the shapes of tHAe feeding structure Such simlarly

shaped par tﬁn&ronﬁlgaﬁ M Bpeliahct l&@nss&memmmwdmmhotambj ahimpedancee desi gnat ed
by reference nunerals that correspond to.r

C |
30 cor r espoRdFiHEe gemens feyth ‘T@%"P Sbgﬂ’elidﬁ@pﬁfer? nC’ﬁ%‘%ﬁ?ﬁ@ﬁ? c dﬁg(i %éat 'ng the

rect angul arggLaRe B Iéln@hﬁnﬁaﬂié fRRAgAR SR pld’ﬂe aH'ltegma 260, with the
mul ti-di mensional “electrica %/ conducting el ene which is prgf erably
IS

perfect|y elmpedanremsiprasnddcyhidy er@?wB@?Wc?ﬁ%&lﬁ‘Pb@i‘ioa

functioni nggaf, ek%ﬁ&@&%sﬁeﬁ@é@ﬁﬁﬁé ARénnd 062 tlﬁodgHTtHeCiﬁipé&aﬂcd’lOt onI y an
i npedance matching el enment for the rectangul ar susoended ant enna 202

but al so astrasfosedi2ig, a @@%dli’él@(lﬁ“épené‘;ﬂ Plafp PRFERDATGE § FEPICRE ar suspended
plate ante n%ctﬁ is me{e?orts Béhnicvell, nﬁﬁﬁ@@eﬁ@ of ﬂl@fb%t&lﬁétﬂﬁ@u%@ﬂdfbd%t@dﬂﬁérﬁla a

preferably conductive planar netal plate, and "feedi ng t he rectangul ar
suspended pIQ?Zt@eanp@nm@@ifonw@%ﬁequ’élcﬂlmﬁ%tof &‘H%EIPW@F 204, a

br oadban - 9 ! fBSRARICEA] berwdehuct ure is
t her ef orl(gej acﬁ]?;%i}e g("t?dr%ﬂiaﬁ ﬁa@%@e}ﬁ%ﬁ%%@r 3@@#3‘3%12? susper?ded epI aete ant enna
2?2, thell %Wﬂgbhﬁﬁ@ﬂ%g@@ﬂ@dﬂ@b@ﬂlﬁ isgrqupd plopn2® @@ to radiating
el emrent 10 i C rect angul ar-shaped radiating plate 206 which is
preferably %?15?E%8prbgetvmélérher the radiating plate 206 and a ground conduct or
Wlhl ch |23 grou][ld pl ane 208 in a generally upri ght manner. The radiating
pl ate 6 preferabl |ec of S metal 15
plate. The Fiuidipt ?{% %Ba%khf/on étsg FHEHe \S%B!fnmﬁ g%}éﬂft\rﬁ?c substrate
or supes Stf)lafee"lhél"famaﬁhgplladeZobmgrbaﬁﬁachede@ anyldqa}bmﬂclsnﬁstmnetoh and is spaced
p

apart fromthe radlatln 6 The_ r.adiati.n te di sposed in
relation toStPREUYFodh ane é %mé’a]f‘?ﬂ?}r%‘b“ gsr?g?e% R%I%g'f’”flﬁ%egonalo
proj ection QafdlaHi% 5@@0@ 'I'Hﬁraﬁiaﬁﬁg’l‘plat@ Goeni dﬁslpesedgri ﬁlhﬂldn pl the grodfBplhiee s
subst anti al Ia/ ?n n the borders of_ the tg 'frt}l Ecl %Q
208 in a manner so that the orthogonal projection of the r 1at1ngp ate 206 on the

ground plane 208 lies substantially within the borders of the ground plane 208.

20  Preferably, a commercial SMA connector 210 is used for feeding the rectangular
suspended plate antenna 202 through a coaxial probe 212 electrically connected to the
impedance transformer 204, the coaxial probe 212 extending through an aperture or
feed-through 211 in the ground plane 208. The impedance transformer 204 in turn
feeds the radiating plate 206 along a substantially straight and continuous feed line 214

25  thereby allowing the feeding currents to simultaneously excite the radiating plate 206
along the feed line 214 for the rectangular suspended plate antenna 202 to operate with
linear polarization. The impedance transformer 204 is not electrically connected to the

ground plane 208 in any manner.

30  The radiating plate 206 functions as a planar radiating element and is fed with signals
through the impedance transformer 204 along the feed line 214. To provide for
circularly polarized operation in the rectangular suspended plate antenna 302 shown in
Fig. 3, a radiating plate 306 is. fed with signals through an impedance transformer 304,

which is a conductive curved metal plate positioned in a generally upright manner to



20 Preferably, a commercial SMA connector 210 is used for feeding the
rectangul ar suspended pl ate antenna 202 through a coaxial probe 212

el ect ri caMoysmoeutected to the inpedance transformer 204, adwScoeanilal probe
212 extending through an aperture or feed-through 211 in the ground pl ane
208. The inpedance transforner 204 in turn feeds the radiating plate 206
al ong a substantially strai ght and cont? nuous feed line 214 25 t her eby

al | owi ng t hehé mednggarcusperdetd platoarsdnm B 2aalemrsicsd neci1devitidhas r adi ati ng pl at e
206 along the feed l.ine 214 .for the rectangul ar spended pl ate ant enna
202 to oper sEeRLHEY Prus B ehd R Mg, AR P e or ner 204 i s
not el ect ri cenkfprooar3né istsidilirly fediBy a gragiahglopd Bi2efr2f&niSM A oyhneetonsdd, 30 The

radi ating pl ate. 206 functio as pl anar r.adi at j lement and is fed with
Fonal s hreSlegane et shdhBetn SHora b5 0 defRet e ithe 574 "To
provi de for thegoand plidey308ah adyi @atheOper ati on in the rectangul ar suspended

pl ate antenna 302 shown in Fig. 3, aradiating plate 306 is fed with
signal s through an inpedance transfornmer 304, which is a conductive curved
nmetal pl at e A foicBiag niafne, BEHRF fhubiirdd BoriiftasiiB MRS pt@nY b A3 QAREKT7 7

PCT/ SG03/ 00110 10 the rect ang[ul ar susgended ,E)l ate antenna 302 along a feed
line 314 whieppended Rlae prtemas g thgyprferpf shkdprmy P WK of 26,316 digclassd- dont i nuous

line. The i nRefRNGRmbbARS QI REcrHRd. HowsIeRlil WillDé abffled?Yo heGRA¥A # Probe
312, from an SMA connector 310, 5 extending throu a feed-through 311 in a
ground pl anehay8in ey of isséiclosern that puapreus chengss wepdificaiensz@sbs n any
manner. | n the fore9-B%+HBRRES th ngi%u A9pisit 568 W &siohor i ncreasing the

i npedance bandv?/i dth ofeB slggpen eed cp atne I?sllntennas toot he order of 60%for a
VSWR of 2:1 are disclosed. A 10 nunber of enbodi nents are descri bed.
However, it p.l ANBGSE ' 4 it ol i of this

di scl osure t%?karﬁﬁ%r ous&gﬂ&zﬂ%ggﬂggﬁédl}} Aﬁgg’??ﬁ%%%%grﬁs cg%l%éﬁ&qn%arﬁe w t hout
departi ng f ridanguhe, wwetirelike ttapspoidiltand the ike géametnnt shape. Theradiatmgplags t he

radi ating pl ate ny..or ination.of. ngul-ar,, circyglar, 15
i angul ar O LoD B, Bt P SHl Bl ld MEC i
radi ati ng plradietingpdste alag also be fatdhe vagvgn. oTheaadibiinpatlateo map hlsy be¢ hotcteld oand

lateral par as?cgtgeld.c eI Sgﬁgﬁgs plat-cla- rr]r?ay also be short-circuited by one or more pins or sheets

to the ground plane of the suspended plate antenna.

20
Additionally, the impedance transformer may be electrically connected to the probe or
other signal feeding means for the radiating plate. The impedance transformer may
also be notched or slotted. The impedance transformer may also be any or
combination of one or more flat sheets, one or more cylinders or part thereof, and one

25  or more symmetric or asymmetric bodies with the contours of arbitrary shapes and
profiles. The impedance transformer may also be stacked above the radiating plate
opposite the ground plate. The impedance transformer may also be generally oblique
with respect to the radiating element. The impedance transformer may also feed the
radiating plate through a discretized or continuous line or area.

30
Further, the ground plane may be any or combination of rectangular, circular,
triangular, bow-tie-like, trapezoidal and the like geometric shape. The ground plane
may also be flat or uneven. The ground plane may also be infinite or finite. The

ground plane may also be notched or slotted.



radiating plate may also be flat or uneven. The radiating plate nmay al so be
notched or slotted. The radiating plate may al so be short-circuited by one
or nore pwossmveegheets to the ground plane of the suspendeds/gdoaeriant enna.
20 Additionally, the inpedance transforner nmay be electrically connected to
the probe or other signal feeding neans for the radiating plate. The

i npedance transformer may also be notEhed or slotted. The inpedance
transforner may al so be any or conbination of one or nore flat sheets, one
or nore cylinders or part thereof, and one 25 or nore symetric or
asymetric $B¥Pes with the contours of arbitrary shapes and profiles. The
i npedance t{ansfOnisBdba@ Yuspbiied PeteShRake doraftivite: t he radi ating plate
opposite the ground plate. The I npedance transfornmer may al so be generally
oblique Swith respect to the radiating el enment. The inpedance transforner
may al so feed thgeané Alir@kingGighhidtand Mit@iagh a di scretized or continuous |ine
or area. 30 Further, the ground plane may be any or conbination of
rectangul ar, circular, triangular, bowtie-like, trapezoidal and the |ike
geonetric shapewaégﬁmg%gmﬂgnplane may al so be flat or uneven. The ground
pl ane may also be infinite or finite. The ground plane may al so be notched
or slotted. WD 03/096477 PCT/ SG03/00110 11 dainms 1. A broadband

suspend pl at e £er i chlid S f eadicad: sdgnal s to the
antenna?&I a grodﬁ@&%gﬁgﬂggor; %"ﬂg?%ﬁ?%??ﬁgﬁé eﬁgﬁﬁ which is separ at ed
fromthe ground conductor; and a feeding elenment which is electrically
connected to the, fad) gél:?\ﬂgnt%h%ﬁqﬂéle tﬁ&?}?U%e@te(ﬂo"tﬁ@%aﬁiaﬁn?éleﬁl@rﬁd points on
the radiating el BIventE grein the iee ng elenent 1s electrically
connect ed t thrévgk aphasiy bbfeed peints ny theirghiating elengnt whekimdhoeeding he

element is electrically connected to the means for feeding signals and stacked with the
15  radiating element and ground conductor.

2. The antenna as in claim 1, wherein the feeding element is multi-dimensional.

3. The antenna as in claim 2, wherein the plurality of feed points on the radiating

20  element forms a multi-dimensional profile.
4. The antenna as in claim 3, wherein the feeding element is a plate.

5. The antenna as in claim 4, wherein the plurality of feed points on the radiating

25  element forms a line.

6. The antenna as in claim 5, wherein the feeding element is a substantially planar
plate.
30 7. The antenna as in claim 6, wherein the plurality of feed points on the radiating

forms a substantially straight line.

8. The antenna as in claim 3, wherein each of the radiating element and ground

conductor is substantially planar and disposed substantially in parallel with the other.



15 radiating el enment and ground conductor. 2. The antenna as in claiml,
wherein the feeding elenment is nmulti-dinensional. 3. The antenna as in
claim2, waoems@oew7the plurality of feed points on the radi adwsGo3d0i1el ement
forms a nulti-dinmensional profile. 4. The antenna as in claim3, wherein
the feeding elenent is a plate. 5. The antenna as in claim4, wherein the
plurality of feed points on the radiatl®ng 25 elenent forns a line. 6. The
antenna as in claimb5, wherein the feeding elenent is a substantially

pl anar plate. 30 7. The antenn S i.n_claim.6, wherein.th |urality of
feed pointsdon t HE FUEIPESIAGRTE &y r%ngﬁ%@lﬁﬂ%egf?ﬁalgﬁeraglﬁﬁﬁ’ﬁ Pt:Jiﬁe. 8. The
antenna as kqdelicRbdbetwesits AlliatiRcsddnaf atid@otimidioadichg. el enent and ground
conductor is substantially planar and di sposed substantially in parall el
with the>other. WO 03/096477 PCT/ S@3/00110 12 9. The antenna as in claim
8, wherein ghe muhdintchdBECRAAD, diResh 1@ naligaBmnsiotal fedfidwionteatisbet ween t he
radi ati ng el enent and ground conductor., 5 10. The antenna as in claim?9,

wher ei n t he syhgtantialiyiobbiaus witsihe pleraitngf the edistpe plementypst ant i al 1y obl i que
with the planarity of the radiating elenment. 11. The antenna as in claim
10, wherein the nulti-dinmensional feeding elenent is_ 10 substantially

ort hogonal With Theeansinamay inclpinfl0.iwherein e sultrdinengapal feeding clepgat 18 nt enna as
in claim, Ay d | 1 fhe HlaGheRG b In6 rdMkiRE Lilnefior Sseparating  the
radi ati ﬁg ef‘jeﬁré%‘%{?ﬁgndéﬁg%%gind coﬁgt?ctrg?. 15r13.1 %’he gntenna as in claiml,
wherein the feeding el enent is stacked between the radiating elenent and
ground condygt or Is A idy GhLekd Hh&nRhiial ity of
f eedi ng poi E?s a%éég%%lf{lgs(ﬁ%ﬁ?E?fﬁﬁtﬁ?{elﬁ%lgdrl%tlefc%@ tahe radi gti nggael enent .
20 the radiating element and ground conductor.

15 13.  The antenna as in claim 1, wherein the feeding element is stacked between the

radiating element and ground conductor.

14.  The antenna as in claim 1, wherein the plurality of feeding points are located

within the perimeter of the radiating element.

20
15. A method for feeding a broadband suspended plate antenna having a radiating
element and ground conductor, comprising the steps of:
feeding signals to the antenna;
25

separating a radiating element from a ground conductor; and

providing a feeding element and electrically connecting the feeding element to
the radiating element through a plurality of feed points on the radiating element,
30  wherein the feeding element is electrically connected to the means for feeding signals

and stacked with the radiating element and ground conductor.



15. A method for feeding a broadband suspended plate antenna having a

radi ating elenent and ground conductor, conprising the steps of: feeding
signal s twad®eattenna; 25 separating a radiating el ementrdwsansaogoound
conductor; and providing a feeding elenent and electrically connecting the
feeding elenment to the radiating elengnt through a plurality of feed
points on the radiating elenment, 30 wherein the feeding elenent is

el ectri cal | y6confbechettiod g5 it kkim3 vehefain the sep pfigrowidipgdliesfeedimgielementked wi t h
the radiating el.enent, .a round c [ . R 3/00110 13
16, The met AduPIGT PR EHE QB O] RL me i, YA SR St i g

el ement corpiduses stacking the feeding el enent between the radiating

el enent and ground conductor. 5 17. The nethod as in claim 15, wherein the
step of 5r oviding the feeding elenent conprises locating the plurality of
f eedi ng poi nts wrhdundthbd&s ipehimies evheadin thhetep afipratiding theeleatimydlemd® 18. The

method as in claimlil5, erein t tep of providing the edi.ng el ement
conpri ses pPWPWeg&Cﬁmfgé %?lﬁﬁﬂ‘é’l Ogﬁf‘e@ﬁt“gm%shve hgn g‘eBFlg?g.ﬁ %jéfe rﬁlg t hod as

in claim18clenfearein the step of providing the feeding el enent conprises
| ocating the plurality of feeding points along a line. 15 20. The nethod as
in claim19, wherein the step of providing the feeding elenent conprises

provi di ng a jgeedirAGmethedayth c¥ith ¢h witeréin SidRe&h 3npiodiding th Redkg gtmase and
| ocating the plurality of feeding points along a substantially straight
| i ne. comprises providing a feeding elément which is a plate.

19.  The method as in claim 18, wherein the step of providing the feeding element
comprises locating the plurality of feeding points along a line.

15
20.  The method as in claim 19, wherein the step of providing the feeding element
comprises providing a feeding element which is a substantially planar plate and

locating the plurality of feeding points along a substantially straight line.



