WO 03/ 096477 PCT/ S@3/00110 13 Novenber 2006 1 BROADBAND SUSPENDED PLATE
ANTENNA W TH MULTI-PO NT FEED Field O Invention 5 The invention relates
s0enerally to antennas. In particular, the invention relates to a broadband
suspended pMR ¥/ @H{enna. Background Rapidly devel opi ng Hod¥it¥/Hiitel ess
comruni cation systens require antennas of 10 small size, 'PRFEE®HLEC power f ul
performance, and ease of manufacture gnd integration. Mniature or conpact

antennas are its and
sectori zati onsl%ﬂ‘é‘glg%‘gﬁétsgg%ﬁﬂgﬁg%gﬁgwase o] rranu Flggduﬂrqg a# cheap
materials | ower the cost of antennas in industrial applications. To neet

t he perfornmi;ge@dégﬁlqgﬁ]rﬁs requi red by nodem w rel ess communi cati on
systens, 15 broadening the bandw dths of antennas is becom ng increasingly
necessary and The WEmtighgiaisysenesai/e AtBa ™ BBHsHaT ha Ry eH g2 eﬁtoghel r basic
fornms, such asrdiehdstgehded pRic@he@at ennas, planar inverted L- or F-antennas
(I'LAs or IFAs), and suspended plate antennas, suffer 20 an inherently
narrow i npedance bandw dth, typically of only a few percent. The narrow

i npedance bandiarckirénndf conventional planar antennas |linmts the broadband

appl i cations gy, 199'3&%“)&)]11?%!1&19{\'%@5 cAhGRARS sysEEle fghi@\dndhds she probl em of
narr ow i npedance bandw d sone techni ques have fbaeen %lﬁtegro osed for the

desi gn of Bt odEBAFiE BW&H%rPogFff”éHﬂ@?’mf—eo?“dﬁfsé PRV 4T At%nnas,
t echni ques suQinRAretdd Conafdetiahteimias 0 SUﬂﬁTf&S’lC]ﬁlb\(hg@"lc@MfSpmmﬁmnme of

electrlcallythlck subst r.at and the int i ng networks
s and sec Iz etsbh € sa on anténnas, ag)e oltl%gnu %tu.? bl eg g9
have been w d’e1 T3 YL S I npedance ban dt or a single-layer

single 30 el enwmnalaémegme tost afgeterinpsyin Indesgial dpakirati@so Tomeeathgol t age st andi ng

wave ratio (V%\émrmgrtce st@ndhrds Fe Qﬁlreﬁlbﬁﬂ@&:rﬂ Wifdfesomhiifitatioh &AL JUes such as
replacing the wire radiators e wre |ILAs or IFAs with planar

radi at ors ahd/tredengngdhegod ity qf antenppsitPermyne PRFATPEY PRPPEYY A% ~I |~ ~ ~~I ~I
ITH T T ~~lchdilehdvhg. | M ~1 | ~

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 perceht. 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 such 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
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;i mpedance bandwi dth is also approximately 10%for a VSWR of 2:1. 5 For
suspended pMR®BgH{ennas with thick substrates of |ow diRITEE0##%10const ant s,
slotting or notching the plates as well as el ectronagneti™eveesuists ng
between the plates and probes of the suspended pl ate antennas have been

| nt roduced t0 el k8o @00t b6 Mhea S0hLHARS: lsD sfrORADAPoaRP! | cal i ons.

Anel i or at ed |rrpedance bandwi dths are 1n the order of 10% - O%for a VSVR
of 2:1. 10 HoveNEYRokAkh of the proposed techniques for alleviating the
narrow i npedance bandw dt h probl em has drawbacks. For mcrostrip patch

?22?22?25 g‘? glglﬂcl)psugsefeldeg ntlgrrfﬂas \%1 etHE %stra%g ttl lgv?' d1!31¥c ijgn&an%r% uy 15

exi anu ure €l ectrically
t hi ck subst r at egchingcheadsess welbis eactwrdagmmc@uplaelbmceorﬂleelﬂaﬁqsemdency due to

i ncreased Surfp%%gs of%‘é@s%exﬁi@éjplﬁle S’Até%ﬁésﬁah& bASSroatddd HLAME dd8d HB&}&Q' ng networks
reduces radiation efficienc i cates the desig nd fabrication of

the antenna. ﬁa?dl%ongwﬁgqaébapéwkcag?%gkléelwéﬂteéﬂﬁwarawnawdmf preindbhi evabl e

i npedance bandedbh 0%4s- 0baot £dsWResEBL.ly | ess than 10% 20 for a VSWR of
2:1. Planar_|LAs or | FAs | oaded with material of high permttivity suffer
fromlarge 'size and high cost. The achi evabl e i npedance bandwi dth is
appr oxi mat el y H@8%ydrerche! thySiaRosed te¢hmiiues 26 aBiriniemitiehrolvamesdanst ennas have
broadened i npedangen pandwnstdswhis t he order of 10% 40%for a VSWR of 2:1
after application of various inpedance-matching techniques.

For microstrip 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.

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



30 In US Patent "No. US 4,605,933, an inpedance tab is introduced to
increase the inpedance bandw dth of a suspended mcrostrip antenna, in
whi ch part of the ground plane near the feed of the suspended mcrostrip
antenna i s M Be¥4Ehd made parallel to the antenna's r &AW The

i npedance bandwi dth is increased to 70%for a VSWR of WO 05086477

PCT/ fSGO'?/ 00110 1|3I Novemr::er 2006 3 231. However, the conplexity of

manuf acture 3s as, the diffi.cul of _ar i ' [

ne s result. B P’ GRafiiblr § sk s fb By ABRUYBERGTZ 7 Oy | 1O ese
i ncreasing t heplicatpasidsrcacrizagsdsv weli. of suspended pl ate antenna. Summary
]Ic:eedllgg erucjtureshf or suzpendeg pl ate antennas are discl osed hereinafter
or 10 enhancing the inpedance bandw dth performance of such antennas. We
appl yi ng  any s itdredea pee fir frgdiag ?“B&‘?‘ﬁsrfé"sl?“%?“ﬁ%lp‘f inlpdfl%%bsafl‘g‘ﬂ% br oadband "
i mpedance tr agrsispind®Iplatd ftenfid egrat ed with a suspended plate antenna. The

i npedance transforner electrically interconnects the radiating plate and
feedi ng probe of the suspended plate antenna. As a result, the inpedance
bandwi dth is $uwenmased. The mul ti-di mensional design of the 15 inpedance
tran_sf Ormer 1 @My @b Es ifopsuéﬂeh&WpfaQ_%ntt:r!n%@di&log@iﬂa@ﬂa@e?d;)radj ustment of the
feeding structure. Through the nulti-di nensjonal broadband i.npedance

transf or nf, ?“H@‘Cllnéﬂlieéff‘l?eﬁﬁ‘c?)\’aé?‘é‘dthip?f%ﬂ‘c%‘ffs IaPtF’B'Fseq.glbePﬁPpéy‘ ch as a line
or atn ar e?. ]:rhiyﬁf&&egﬁemggitﬁeﬁ]ﬂai,thﬁltpﬁlﬁMisiderﬁmbandﬁiﬂpetdhee gimfoiteaneous
excitenent of. the radiatin | ate | i Iy |t : h

feedi ng probe'Si"eEEe gﬁt\gé‘ﬁ'ﬁsg%nﬁ%(fplﬁ%arnrpeg% fg{r]eeltnﬁ%m%%?gﬁfdr@ a%}egﬁégd.mygrhgu?gdi ;P ieng
plate may be amyowrcteheiidnting e af feeding mipkyof G susesndedmlagrantcen Axgul ar
bow-tie-1ike, , fLAPEZ Apd@hcARHIME islickeBsed CRIRIuIH-GmERARA desThi@f hadi at i ng pl ate
may also 25 1nclude any or, conbi nation gé verti cal I@nd la%:ﬁ al parasitic

el enents. TheinPadnnes apgiorpL Rariadls toflavy thp dexiyledesigh ad AYRR ${0®  4di at i ng
plate may al seedg stadgbed or slotted. The radiating plate may also be
short-circuited by one or nore pins or sheets to the ground plane of the
suspended pl ate antenna. 30 The inpedance transfornmer may be electrically
connected to Threughriehe:lddingtdree! bsdadand 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.



‘feeding nmeans for the radiating plate. The inpedance transfornmer may al so
be notched 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, an®®RE'EY nore symretric or asymmetric bodi ePGHSCA@EMt our s of
arbitrary shapes and profiles. WD 03/096477 PCT/ S&03/ 00128°=¥ 4Bvenber
2006 4 The ground pl ane nmay be any oy conbi nation of rectangul ar,
circular, triangular., bow .tie- geonetric
shape. The grgh %do n? glane mrré/bea yorc m nﬁfi&%@?&&ﬁgﬂ%{é\c}mﬁr tn{:a%glg%’rlgagi\%vd ol ane may
al so be infi nii¢ @ceotrapfsaordpltaed thTIhee ggpwmhmeaﬁ@ grevd Blang a3y 2lse bt ched or
slotted. The {echRjaHR ﬁun@%lﬁﬂéhﬂ'@@ﬁ@%ﬁﬁﬁﬁltg Qﬁﬂl'ité]gl‘}kgﬂuﬁﬁddr@'&nhﬁg plate at
nmul ti pl e points such as ine or an area at the fferent positions of
the radi at i*'ng?pA statehpdyr §e®pplied to antenna arrays with two or nore
antenna el enents. The feedlng techni que may al so 10 be used in |linear

pol ari zati on rcul i fy s | I schene may
po ari zallon e tEclhmg b il g&]sl%%ehlggthgg&laﬁr%%a'teo‘i@ @legmgtg%@f; ag schel
Therefore in aeemmmﬁﬁeeﬂmﬂﬁﬁmaﬁpﬂﬁgﬁOﬁgwetﬂméPbﬁﬁéypﬁv@Wﬁﬂbn there is

di scl osed he&%ﬁ@i& ?! with Wo%@ﬁlbxeme@yaaﬁéﬁ&echmpke@&@g BdkhRiN 8y 286Ch an ant enna
COITpI’I ses neans

eedi ng nals tg the ante g und conduct or,
and a rad|Qt|H@“@*@ﬁ@ﬁ?pﬂﬁVﬁwn°§m§gﬁé?ﬁP HNFPHH??WEHQF3ﬁﬁB %gﬁﬁhctor The
antenna al so @ayfsd &escddn breelindgneh@tivbaid, orwhitchodesp@icgoty i cal | y connect ed
to the radiating elenent through a plurality of feed points on the
radiating el ement, wherein the feeding element is electrically connected
to the means fToarefpue inticprydaspegwithl adfirst agrecs phthddaveniigng Here elisplawsiat i ng el ement and

ground 20 congueher a §rBadBHRQHhPHACE 1M etntkm?a SeORantas P eGtprieds meli® | nventi on,
there is disclosed hereinafter a net (for f edln a brogqaépd suspended
pl ate ant elna fH&srHRGsIEas e sy apR8 ““&Hﬂ‘ﬁﬁdﬁﬁ‘“%%ﬂﬂﬁ‘? The met hod

conprises the 1s€s’&:1&p1$ed(fﬂ°omftﬂeﬁbu’mg c@idgunal Shetaotetra els@&nantes A fiadingdqyenat i ng a
r adl at I ng el err% EIS [5) ectnc % (I:;n%lél Qg!l t?%ggaﬂgﬁn%re em%%&{gg\c{k)ﬁl'aﬂg 0@']&365 eedl ng el ement
?Fn the ng e

and electrlcall connec enent adiating el enent
t hrough a pl urpalhispythefadfaemlwnhwher@nﬂw feedingpdimgnt ingecaicllveqtnectither ei n t he

feedi ng el enemd mi Sefb R tedif@didndls eRNBEEH Gdh the rdiitngeratst shogrodn@edi ng si gnal s

and st acked
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



‘with the radiatirng el enent and ground conductor. 30 WD 03/096477

PCT/ S&3/ 00110 13 Novenber 2006 5 Brief Description O Draw ngs

. Enbodi nents of the invention are described hereinafter with reference to
the draw ndLM3%4+hich: 5 Fig. 1 a shows a perspective RGTEROHIIY] suspended
plate antenna with a feeding structure according to an ENBEWFAEAt of the
invention; Fig. |b shows a block diaggam of the suspended pl ate antenna of
Fig. 1 a; 10 Fifq). Zat.snhgy\%ra\‘/‘jil]ems of the front, side and bottom el evati ons
of a rectanguP2FVETLEEhIA 3K e antenna with an inpedance transformer for
| i near pol ar i Bmbddorents opthe myvingerseredescibefi hargingfier itk refesenceRsdi nent of t he
invention; 154k}des Rvrpiows the nmeasured VSWR of the rectangul ar suspended
pl ate antenna shown of Fig. 2a; Fig. 2c shows the neasured radiation
patterns (E-plane) of the rectangul ar suspended plate antenna of Fig. 2a
at operating FigequRneGia@arsgettiv vistiofa asenddd Aldelanter2@ with g feeflng sthovwe t he
measured radi ati on patte | ane).. of the rectangul ar suspended plate
antenna of Fi @C.Cmg]gggjtangf)lec%zrﬁglggg}ermevgﬁgﬁ’ci es of 1.6GHz and 2.4GHz; and Fig.

3 shows views of the front, side and bottom el evati ons of a rectangul ar

suspended  25pp| Bl ARLRRIK BiaMhrh B R SuiptRBIARGE entohapdignaer for circul ar
pol ari zati on operations according to a second enbodi nent of the invention.

Det ai | ed D&scription Enbodi ments of the invention are described hereinafter
f or addr essi ngigt aghdvaetkbwk of the B&ht, kidedid bgitost davetions efs récmgiddyvant ageousl y

i ncreasi ng thguséen %\%%?e?a%}egr%“@)%ﬁ%%f@a%eﬁ”ﬁ?ﬁ@@f%gm%?’51%3‘95“6””as to the

order of 60% or-a _ _ he feeding structures according
t o enbodi ment speefionstaecopdingdme fisrembediens of the YA EMance

15 Fig. 2b shows the measured VSWR of the rectangular suspended plate antenna 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 ching structures which are used to further enhance the inpedance
bandwi dt h of WD 03/096477 PCT/ SG03/00110 13 Novenber 2006 6 suspended
.plate antennas. The feeding structures further relate to suspended plate
ant enna f eehy/Aeihods, in which the radiating pl ates JCTSeSPEHYed pl at e
antennas are fed electrical signals by feeding structur&sowahieePei ncl ude
mul ti-di mensional inpedance 5 transfog rrers For all intents and purposes

herein, the nmulti-di nensional danc nsf nner nstructed with
profiles or cﬁ“%%ie%@étﬁa'ﬁﬂg‘awf& ‘ﬁfhges “‘tng‘f?efu eTrelote © Su?aﬁﬁggpg%bst antially
parall el to tdemdeidaginkhofs atdih deeditipstldntot allsweydeldalﬂg?éﬂtewﬁaﬁet he
profiles or CL® %?cfr?glc’sﬁ 99%{)@&1&'_ cgﬂésl“mﬁﬂ nchRad LiMlaRhendibaNmpédgital f eedi ng

nmeans such as e resultant inpedance bandwi dth is
i nproved to aragsieEerseXe @Ht‘“tWéﬂdHL@%?ﬁﬁ%‘HttP%‘H‘&F et RAHERCPIt e ant ennas

enpl oyi ng sucfneomiantd c@ﬂsﬁbctéﬂaﬁﬂ@%fﬂﬁé ot didsBsecidng Waich fvmdalqagalmans The
feeding structures for sus t enn d hereinafter
with referend@eigP ﬁ“ﬁ%ﬁylpagﬁgf’a aﬁ%%ggg{gs e su%stari%gl?y\}%lggrg%g tt)ngrrbodl nents of
the inventi onprﬁﬁlr:s or hibssesati@nif nepvértienal rayed andm smlﬁqsﬂmme@s &fh #she suspended

plate ant ennag, iyl mPeSfuhaflit. BhiihW @podldd ehsutiaibaenvent | onal
f eedi ng structur such as a coa probe or aperture coupling because

t he feeding stmlmltlwbsuiimtl@@Pla‘lcé’stellaasfeé@%ﬂ’ﬁﬁéSL@F EARETTEONRARAEAW of 1§in

mul ti - di mensi ghal reddieasiRand i npedance transforner into a suspended plate
antenna. The broadband inpedance transformer electrically interconnects the
20 radiating el enment, such as the radiating plate, and signal feeding
means, such aﬂ;‘hetﬂaﬁmgﬁte&dnrasgorpmspbﬂqd@fte mlwasenspesn@@élhmlmf@f wHt enna as shown

in Fig b Asca re tg'fllgk/b a,b6q 31 a%ﬁﬂ@?&@mgﬁ@g%cﬁ%&ts@f the lﬁﬁ‘/exﬁid§fwnded plate

antenna is increa over hr ee- di nen esign of the
i npedance lﬁraﬁé*ﬁl@mgéhe 1@pqd@mpqrﬁgn@p€egfﬁiﬁ|81§pﬁlég%%e a“éFﬁ’EPSag é}ﬂﬁﬁent of the

f eedi ng Sélr UC?eUHdhﬁ»‘g sﬁ@én%r'ghﬁffﬁm&ﬁll:dmmx&laoféedﬁﬁgemmemﬁdh@na aaraeauprdber ently
associated with a nunber n.ac a odi nent s of
the invention® a&“?“é"e"d’f‘ﬂ&‘gg?claﬁﬁgﬁ?galf‘gsﬁmcri“ﬁénrte é’sﬁsﬁgee?ﬁ%el%%r%e a{?ge bandwi dt h
of suspended plnatitediartsimaagoaiingd ugednenrkisformetiiptensisesnddd rlafppedance
transforner. §H&Iﬁa.a’fheib%ﬁ@ﬂ@@ﬁﬁoe&aﬁ@Qﬁﬁs@i’nﬂ&relei:tﬁcaillgiBWO&H&G tHent O

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. Asa 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.



"30 the suspended plate antenna without increasing its overall dinensions.
The i npedance transforner is sinple in construction which therefore
advant ageously renders the design of the feeding structure flexible. In
addi tion, tM PYedance transfornmer advantageously facifqT54¥%¥ 1 ¥ase of
manuf acture in relation to the suspended plate antenna. W03/ 886477
PCT/ SQ3/ 00110 13 Novenber 2006 7 The attendant feeding nethod requires

the feeding structyre.ta fe t he. radi.at,in MHLEd-plg Spaced-apart
or contiguous B&ﬁﬂ’g%‘“ffeﬁﬁ%ﬁ% Rges rﬁuﬁ%ﬁ%&f&gﬁg%g%ggﬁﬁ%uous g@ra ot her wi se,
i nst ead of a smaltpleppicet-apaifbi contiguens ipeigts freming g lifedT FHA R CHHUOEEYi ng the 5

su_spended. pl alferRil, §ldAs éfia@nﬁppoﬁlit.gﬂfiﬂ feddB@ HehOd HBRABSorBIdRG R convent i onal
thin feeding probe, such as a coaxjal probe of a surfaFtE.in mynt adapt er
S

be | .

(SMA), and’ el Berepdeg Blafeypntewg id@l SiERyeEtned g’ T he? FREAI NG PP Ucttre to the
radi ati ng pl aprebeaduckiabl atcogiad piabd dTh Surfitkohountlarger (SMIA), @d elentrigallga by means of
an i npedance transf oy ner. ing this I : j nts to
si mul t aneousl ?%?@?%tém’tl%]ethegge ) tsﬁruﬁgureﬁﬁghfgwia{lﬁ (?aete Jr_tgjgg_{epf(%t%io@g&%gsi tions 10 of
t he radi ati ngaspllmt er anTitva by fesmel pfag imnsd4veriranfenmst Jjanedivadleratieousl y al l ows a
broader i npedangeRaRoWidhfank sk 8xcRe B RGN bt ihb eespoepadiicanal  f eedi ng
nmet hod of usin only a narrow Qr thlg feﬁdlﬁgfﬁ{Ob% tf di %peLy feed the
radi ati ng '8l ap’ehe mijatpgalte Shis Eging method digrefy® IRTHSE Y A Apedahce
per f or mance ofmpeftcessagpamt @tbe adifievpd tairghantentias ferdipg bethedlefasitgmgeous! y
| mproved w thot LRSS B0kl REIBLLY Gea B BEEM Rl he structure of a

Yo" Weth a f eé

suspended pl ate’ antenna ng el enent” "herein known as an
i npedance transforner 104 according to an enbodi ment of the invention is 20

described in gy eRLELS Qe Adebaid¥ thdthoti ShEmPRIGR e b&@folthSe ofltid sapehdbd. I n the
suspended platé antenna 102, a r aclzll ati n%aﬁ at §P106 usedrag§ a radiating
el ement | slSpr kEraEMgs BReEIREEPYY PRIKIAAROB S Y PRBHEUCt i ng and
suspended in prRimaltd.el 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
neans i s pref dhafsingrugobasuspehdediplhisantane 02 wifliypeegngelemam hereipiosR | s
preferably a pesfigpididce @hRehhra®d dc¥or€ifhd s trhi@bin2heen tnveridn is
mul ti - di WE?OSI %Qs%rlﬂied 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



“electrically interconnects the probe-type feeding structure 110 to the

radi ating plate 106. The radiating plate 106 and i npedance transforner 104
.my be conpletely or partly supported by electrically thin/thick air, foam
or any ot heWQ@fpit el y/finitely-size 30 dielectric natRGIS&0E01Phe

radi ating plate 106 may al so be of rectangul ar, triangul arNovetpegdd®z0i dal ,
circular, bowtie-Ilike shapes, or othger variations or conbinations of such
geonetrical shapes. The radi atingﬁ% ate ma ] %}I %%‘f-‘l ncl Ud% a notch 114 or
slot 116. ThePelRERr4RGVAy @ SRElE-LYsaPE P g oGOy SBEFF 88350110 13 Novenber
2006 8 be f|@dmeas whhkBwenbe @rtRallypk Bictaily eifacleil mgheradittmgelte, 10Gr i ncl ude
stacked or parasitic elenents which may be vertically or laterally
attached to the radiating plate 106. 5 The nul ti-di mensi opnal conducting

el enent of 5t hEwimmyedinarsiong canastioe gerent oherapedaree tgiilorpy INHPY %heet s of

r eﬁt angul ar, &r{eio@iﬂgﬂklﬁﬁ% of EARGARI tﬁ?{gulaﬁiﬁ&pﬁwicﬁl’, cirdﬁla)f)ﬁbt)\i/-ﬁe-lii:el@ﬁap@,hap?,l or ]
ot her variations or conbinatjons of suc eometric, s es. and..profiles. The
mul ti- di mens?GHST VEEYRBUEETH ‘aélPIésr?éﬁFHE)erom?tH%&? esé‘édapﬁ%ggst ﬁgenrg t(5Jrorrer 104 may
al so be one odimetsng cayinrtag elecal ofole impsdanre transfoaher hetihaysilsobe prswn| ut i on of
arbitrary contours such i fsGtla@r shapes,
curves, or thrémleisb((ném%chlp(gzls}ihgncf&%?ltg@ %(Lablé.%gllh%ﬁb%?#%r?g?nrt?gﬁssﬁ})lnal conducti ve
el enent nely afestenghler. franesirscirear shapest @even ALhS ikgshagss and prafiieh Thgi g. 2a shows a
broadband I ect,aRgkh@tioSHSRERHRMIR ARy ARS BDRIR0R 16 ahd Mear 15

pol ari zati on operation in accordance with a first enbodi nrent of the

i nvention. Th&®f%ect angul ar suspended plate antenna 202 is preferably a

pl anar structure fornmed from planar conducting materials and is capabl e of
achieving a | gw .V [ teyineal |y nore than 60%
for VSWR <2: 1915‘szai ngér?oaagbggp{eﬁ%%%{s{l%g&@%%_Er?%?a?%oizé‘?&gh_r adj ati on patterns
in the E- Wndpdrizhtionerergiion inpscosdiagseritiedirshpaitodimgpiod s pvoiono¥ear e al so
measured and pl@tdiBdsusfnddd@hte adCnANGL i Prefef65RGLhdr ¥@lcyure foied famposes  of
brevity, only the structure.

f the first enbodinme hown.in,Fig 2a is
described in Blé'ﬁ""éF‘?“Flu‘}i*ﬁ%métfrr‘a%c?P%F«Sap@lfle? SRR gn%% Vet “Shown i n Fi g.
3, which is &ehicaadhasd picaidt Bigtihei0Yss PENBex pliltsetalit Bartd. 302 for
circularly DOl luz ey A8 ARk Aline EMndANRAAor bOSlshses: Al henl feat ures
g

such as radiating plate, ound pl ane, _
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,



and feeding probe, that are have simlar geonetric shapes and profiles with
parts or features in the first enbodi nent, excepting the shapes of the
_feeding structure Such simlarly shaped parts or features in the second
“enbodi nent ¥®V{¥eEief ore designated by reference nuner ME/3EOIWor r espond
to reference nuneral s designating the 30 correspondi ng pathesmesr2°feat ur es of
the first enbodinment. In the rectangular suspended plate antenna 202 shown

in Fig. 2a, a_nulti -dipensional . ele rlca n enment, which is
preferably pef'PEeRn8Asar E&Iteﬁﬁnﬁeatfainif"% St‘?t‘r?d“%?/\ﬁqtigy 3‘&%‘%% CT/ SG03/ 00110
13 Novenber 26Qhing@ldnencbi toneiggds Swpendrq:édamnat%&hstfatw perfediog s

i ntroduced nof. gnl Ypéh %2%%%ec%}lﬁgﬁs%dﬁlp@ﬂ@iﬁ‘eﬁa@b’? tWaemeect angul ar

suspended pl ate antenn ut al so as feeding, structure. dBy
i npl ement i Ag DPEdREARRTRITIFTEO4 S drrauterpiatoadug Rl PRErAd the 5
i npedance trai‘é@&@tﬁ@c&ct&@é&ms\iﬁkncdladeSteant@nh@ioema&igyt}ﬁﬁrﬁ;ﬁbdmce ve planar netal

plate, and tf‘gﬁe{g Bl%ﬁ%(?& ?26 dtbe?hra%usgag%ds geoanltqe(rjlr?aqmagl At %@Q&%ﬁﬂﬁca‘?oz through the

i npedance Suspend te antenna having a
si nmpl e mechanstoetire istherefoteavhisveds [n terast ofrtks ratmglé&réeﬁpefld?ﬁ Riteanted®e of the

rectangul ar Skb%péﬁy%gdaﬂé@&aﬁsférﬂlfema%e1e%&8auyt:$1ﬁedtém&mm teﬁla;nsfor mer 204 is
electrically connected to radi ating el enen

whi
rect angul a- sﬁhlﬁfé’élaFeéBP%’ﬂﬁrﬁlgqpﬂirécl“émQ@Bte@\%‘E‘H"h ‘%prf)fFrélfléF%“ﬁF‘ilbcé“feﬁ% ked between
the radiati ngthpkaataﬁng;ﬁlz@e F08An@a 6 BEhdCBRSURE Braroshd glimei288 graound pl ane 208 in
a generally upright manner The radiating plate 206 preferably consists of
a pi ece of suf nﬁrﬁﬁupé% {8 ve netal 15 plate. The radiating plate 206 rmay
be attached to any dielectric substrate or superstrate. The ground pl ane

208 lies in p%ﬁeatja&ﬁlnFWaEQO@%gfehﬁly%&%@@Qfae}%é b shikBIcEdagctive @adkat i ng pl ate

206. The radiatin ate di sposed in relation to the ground pl ane
208 in a ndnnéltes etfhch%tmgH]étea?qﬁ@’dﬁﬁﬁ*}m‘iﬁ‘ﬁ‘bi‘nééteie&tﬁc PPSHHSTr adi ati ng pl at e
206 on the g@Mﬂat@h&B@ro&Qﬁnldnbmlﬁblhiphralmwa]lzinjhs/michdlﬁpattlﬁemlﬂarders of the

ground pl ane 208, ?: S.L %% Br{ne&c d SR %%nﬂﬁ 0(35 ;ng is used for
feedi ng the réaéitaa S ! sPe f%ﬁ‘éa‘a%r RS g oug a coaxi al
probe 212 el ec0¥inealahner eohm dedibeb! prhjection pfiskedadiatios plpa AT avthter 204, the
coaxi al probe f\%;'n?d ;%E @Mae@glbgmtmmtmm&m fe gxroundf;ﬁﬂQiGShr ough 211 in the
ground pl ane npedance transformer ’4; A%
20 Preferably, a commer01al SMA connector 210 is used for eedm0 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



‘feeds the radiating plate 206 along a substantially straight and conti nuous
feed line 214 25 thereby allowing the feeding currents to sinmultaneously
.excite the radiating plate 206 along the feed line 214 for the rectangul ar
suspended plMt B4 tfenna 202 to operate with [|inear pol afGT#4% ¢RI The

i npedance transfornmer 204 is not electrically connected tddoehe 20¢r ound

pl ane 208 in any manner. 30 The radiating plate 206 functions as a planar

radiating el e @fithel Sofefi feanta{ngaﬁ'a%n%m@mgglx Bficl gPedance

transformer 204 af ong the rovide for «circularly

pol ari zed oper%PF%W“WHWPﬁéxﬁeﬁﬂﬁﬁﬂﬂﬂ&ﬂ“@ﬁ@ﬁ@ﬁd@ﬁ'Bﬁaﬂﬁdﬁﬁ?enna 302 shown in
Fig. f a ragb t?hkﬂ@eﬂi@tlﬁlﬁ%lylféﬂ bi/edoawataf-obsngmbzﬁ af bMAlwgﬁea& 3|10rpedange

t ransf orner on ive ¢ ate itioned in a
general ly uprlgﬁ’fldl nne@lﬁﬁe 3%%8g§3f?u éﬁgfﬁbig CmT%”ﬁg Venber 2006
10 t he rect angtit grrund phpeidedamylrater.ant enna 302 al ong a feed line 314 which
is correspondingly a substantially curved and continuous line. The

i npedance transformer 304 is simlarly fed by a coaxial probe 312, from an
SMA connect or Bl foraeoingmanpgrfeed tnﬁﬁfaiﬁ@f?s fpr mereeing e crgidaTs herpvidd of ound pl ane
308, and i s nofusgerRBgkicafkeinas to&ﬂaarc@fauoumd@bansw&@a liaPe ddMsdapAner. I n the

f or egoi ng nner ructure sing the d nce bandw dt h
of suspend d BrReTs 0?3%? g&ﬁeggs afeéieﬁcﬂlé {’I%erve A)a?]%fen%lt(’%\r}?%% M2:1 are

di scl osed. A 1Be smtinty@gw of fhisgiisbloghirathat heneague cldbeges pridlpe chodiFicatienser bei t Wi | | be
apparent to ong, kb2 8kpkiing h&ﬁth@wopmdyax&m@ mkéynénd' scl osure that

numer ous changes and/ or nodifications can made W t hout departing from
the scope and spirit of the invention. For exanple the radiating plate may
be any or COrfb]ifdﬂaiah'@Tt tﬁé raalemg@nh@tﬂxa@lbe arfylok Edaib@ation o} ReclakiduBn GLidudiE,,

bow-tie-li lﬂ? t ! aEl)lar ?e lll?ngar?a%mda! anggl gl?e or%guljccsh%)gal aﬁ:régrhnngge;glt ![ Pg plate

~may al so |nclud 16n ot VTR T e
el ements. The mnaépamhdgmvkaUmtwawmaﬁ&umbbmﬂh&mlmnMUN@kennsHhe radi ati ng

plate may al soramgunggtam%gi aRb ve £ Mtn&fn. THISadt. A6 ;%é ﬂgy atféo%%ﬁotsmxo@' so be

short-circuited % one Of nore pins or sheets to the ground plane of the
suspended pl at ¥kt Bremgiatippplagary s rloy;cireried pifge sumeeriey caﬁ%%r mer may be
el ectrically conrecuedplime of the syspealdd plare 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.



ot her signal feeding neans for the radiating plate. The inpedance
transfornmer may also be notched or slotted. The inpedance transforner nmay
.also be any or conbination of one or nore flat sheets, one or nore
cylinders or part thereof, and one 25 or nore symetric of; aSyaskEic
bodies with the contours of arbitrary shapes and profiles. The I npedance
transforner may al so be stacked abovelthe radiating plate opposite the
ground plate. The inpedance transforner nay al so be generally oblique wth
respect to the radiating elenment. The inpedance transfornmer may al so feed
the radi &aing plate through a discretized or continuous line or area. 30
Furt her, Hhe gr.aund Igne n§¥ bg any or conbi.nation of rectangul ar,

circul ar, 'triéﬁﬁﬂ? and SUSRERGed RIatg @nteping, GRIMBTINAL. and the |i ke geometric
shape. s The ground plane may also be flat or uneven. The ground pl ane nay
also be infinite or finite. The ground plane may al so be notched or
slotted. 13 Noveahelor 53dag signaty taithsantannap br oadband suspended pl at e
antenna, conprising: 5 nmeans for feeding signhals to the antenna; a ground
conductor; 10 a radiating elenment which is separated fromthe ground
conduct or; andaardeddongucgbrenent which is electrically connected to the
radi ating elenent through a plurality of feed points on the radiating

el enent, wherein the feeding elenment is electrically connected to the

msansé& or feedh@zﬁiié{}{%:@ 1ﬁenﬁQﬂH§l# RG at%? mttlﬂ@gro'ung_cﬁﬁcﬁﬂc%di, %git el ement and

ground conduct or; el n sal eedi ng el enent "I's di spose ween said
radi ating elenent and said neans for feeding signals, and said feeding

el enent feeds sz%%.ra iatin%.%le nt . il e perform ng quédance transfer
i nvol vi ng bot h2eing AFRENFCh Balichifady SRRk © 85 14dirans S8M&ET ng el enent
and sai d B8R { PlurdIBRF R28d PHRRASthe fadiath AMERNASIniRe feb@inh 1, wherein
the feeding elenent i's multi-dinensional. ™ 3. The antenna as I'n claim2,
wher ei n t kienghuisaldctricady cowwdtegd titesnenns fordfeeding sighaigand stacked with the

15 radiating element and ground conductor;

wherein said feeding element is disposed between said radiating element and
said means for feeding signals, and said feeding element feeds said radiating element
while performing impedance transfer involving both resistance and reactance between

20  said radiating element and said means for feeding signals.

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

ol

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

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

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

30  element forms a line.

0. The antenna as in claim 5, wherein the feeding element is a substantially planar

plate.



25 elenment forns a nmulti-dinensional profile. 4. The antenna as in claimS3,
wherein the feeding elenent is a plate. 5. The antenna as in claim4,

_Wherein the plurality of feed points on the radiating 30 elenment forns a
fine. 6. The antenna as in claim5, wherein the feeding elagEhebsa
substantially planar plate. 13 Novenber 2006 12 7. The antenna as in
claim6, wherein the plurality of feed2points on the radiating elenent

forms a sgbstamhé ghtkdnSisTiRlcBith 6, WhereiPthS plubhiey 3P FRAMIAS o theGhd@htMe3,
wherein each of the radiating el enent and ground conductor is

subst ant i alelmgnpfoanan sabrtandialpesadhtduigst antially in parallel with the other.
9. The antenna as in claim8, wherein the nmulti-dinmensional feeding el enent
is sandw ched between the radiating el enent and ground conductor. |0 10.
The antenga asThdakkmidBsdn (@S whetellfedttlof thedthdmeiisd @Bkt Sadirathdel ement i s
substantially oblique with the planarity of the radiating elenent. 11. The
ant enna asondycior & swbgantibrpdangr enddisposell sebsianiallp Haparplid grithghepdgent is 15
substantially orthogonal with the planarity of the radiating elenment. 12.
The antenna as in claim1l1, further including a dielectric material for
separating. th&heasteadd a3gnelagmed)ivhareth e ouid-doaadiaiabfecdd@ elénenTive ant enna
as in claiml, wherein the feeding element is, stacked between the
radiatingsﬁF@%QH?tﬁﬁﬁ*@ﬁ@%ﬁﬂ”@@&@%@FﬁF@“@%9“*%%”§Hg€hna as inclaimi,
whereijp the plurality of feed points are located wthin the perineter of
the radiating elenent. 25 15. A nethod for feeding a broadband suspended

pl at e ant éfdna Raviamgniza asadicktmriy wheteatatmudndligemiot! Gedohgedongnt conpri si ng

th t f. feedi i I t. t b f f eedi i | s;
e o P e PR B S e Do SRR R L oo sronal

11.  The antenna as in claim 9, wherein the multi-dimensional feeding element is

15 substantially orthogonal with the planarity of the radiating element.

12.  The antenna as in claim 1, further including a dielectric material for separating

the radiating element and ground conductor.

20 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 feed points are located
within the perimeter of the radiating element.

25
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 by means for feeding signals;
separating a radiating element from a ground conductor;

providing a feeding element and electrically connecting the feeding element to

the radiating element through a plurality of feed points on the radiating element,



‘providing a feeding element and electrically connecting the feeding el enent
to the radiating elenment through a plurality of feed points on the

. radiating el ement, 13 Novenber 2006 13 wherein the feeding elenent is

el ectrically connected to the neans for feeding signals and stacked with
the radi ating el enent and ground conductor; 5 disposing said)%]eg%ng

el enent between said radiating el enentl3and said nmeans for feeding signals;

and feedi NGe3a| Gheradii A 410G e iSPROEICRYy St £RANOGheGhEMT e dMY dighaRer f Or mi ng
I d reactance between said

i npedance transfer i1nvolving both resistance an
radi at i ngand §laeded vert thamalistaigeklereemsnd grouhéedicigtasj gnal s. 16. The net hod as
in claim15, wherein the step of providing the feeding elenent conprises
stacking the feeding el ement between the radiating el enent and ground
conductor. 15 d&posthesdi®tathgaSerhdht Gb@ielh did rMIRNRI dlerh&IR 258 6Ad @feaRd OVi di ng
the feeding element conprises locating the plurality of feed points within
t he peri méardeedome sipeals;adilati ng el ement. 20 18. The nethod as in claim 15,
wherein the step of providing the feeding el enment conprises providing a
feeding elenment which is a plate. 19. The nethod as in claim 18, wherein
the step of pr@editigngid fagiatieediengnebedmhfeeditg@Riieneshllopatfomgng he plurality
of feed points along a. line. 25 20. The nethod as in claim19, wherein the
step of piBRSA@NeRyranséer iedying bathapeisiancecgapeackase petyersad radistegdi ng

o oot Wil & AaRsAANG! ALl AR plate and Tocating the plurality

of feed points along a substanti al straight |ine.

16. The method as in claim 15, wherein the step of providing the feeding element
comprises stacking the feeding element between the radiating element and ground

conductor.

17. The method as in claim 15, wherein the step of providing the feeding element
comprises locating the plurality of feed points within the perimeter of the radiating

element.

20 18. The method as in claim 15, wherein the step of providing the feeding element

comprises providing a feeding element which is a plate.

19. The method as in claim 18, wherein the step of providing the feeding element

comprises locating the plurality of feed points along a line.

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 feed points along a substantially straight line.



