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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@Yatﬁé’laﬂﬁlﬂﬁe@ﬁs:@ﬂ@m? 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 el ectrl caI ly thick substrates in mcrostrip patch
ant ennas 'Iﬂ E?lgnsﬁg pfarﬁgr a% erings %’or use 1?1 wireless communication systems, the typical

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




WO 02/ 060014 PCT/ SG1/ 00009 2 costs of manufacture and | opeuslytbes

radi ation efficiency of such planar antennas due to the increased surface
waves and VHPEPBWPH c | oss. Introduci ng matchi ng networ ks tBCT/RG/988% i p
patch antennas reduces the radiation efficiency and conplicates the design
and fabrication of these planar antennas. The ILAs or |FAs usually have | ow
pol ari zati 0 rit nd ar.e therefore.not . suitable for applicati.on
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appl i cat i @sincrEhedRLARY wiveban® ticldefrdSlodsh Fhtr@fiRirlsQAsieingnbivommed ©r i al s of
high permttivity have |large sizes and involve high costs of manufacture.

| n a nunmb8HciestiRmaicd aatennas xedpess dhe mdivpemeidigionbnerd eomplivates thesdasigtposed t o

further | | ce L dt hs uc I L.ant epnas. The '
rti ol s AEFE RS BRS RRAR LA Thel AR AR RTG < Dac cn

wi deband pblefiesion rdnRhie therefblekdt keIRbLS ok epplRaGonsteluigidg piRld 310- 1312,
1995; N. rscovici's "A w de-band single- |layer patch antenna," |EEE ‘

Trans. AnPelerzed Wavespios sugaple in pelprizgion giyversrty appBcatippggThe plagarklAgor Luk, C.
L. Mk, Y . .qe' > Ihan i L A "
i ot r oni B Dot B 100 Wi el B8 oS RORARRRAG IV E LA B anBRRAE. 1o

pl at e ant aiphassdoenphatetrat a hei ght of approximately 0.1 tinmes the
operating wavel ength above a ground plane. A variety of matching

techniques is introduced to these planar antennas for realising good
mat chi ng conditions in broadband applications.. The aneliorated inpedance

bandwi dt hiif ¥ RingBéd of akticle, a dypERASHNRNAI JAtE enfered®id Plopbsed 14 @pHepr signal s at
2:1 voltage standing wave ratio (VSWR). In Table 1, neasurenents relating

to the crimpreus ippedanearhandwidths for suaepleps entennas. ddwveinlesdnelnds:div- profil e
s Shown FEBEERCR JaR e s SRRR TR el rBREEE rB 2005 Wo 0
2/ 0 6 0 OFEletuDhits Bekddt 0089, pp.1310-1312, 1995; N. Herscovici’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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Paris, Fr ggaéﬂgé ?b@?ﬁg&ﬁh%aé%g%%&at@yg{gﬁ%ﬁ aoggg%%n%bﬁ%%en an Y. W
Chia's "Br oadbawdhﬂmpmf@@sl ar slotted plate antenna,"” Proc. |EEE Antennas
and Propagat. Synp., Slat Lake City,

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




Utah, USA, vol. 2, pp.640-643, July 2000) proposed the repp@delgeoos of
U-shaped slots in such planar antennas with 52-shaped slots or narrow

not ches. ®PAP@OI4t 0 suspended 26 July 2005 WO 02/ 060014 FIVEGBML@0009 4
pl ate antennas that have slots with U shapes or |arge aspect rati os,
suspended plate antennas with O-shaped; sl ots or narrow notches have | ower

cross-pol arizatjon levels. . Thi,s js.because the effect of such.slots on
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when conpared w th sus ded plate antennas w th U shaped slots, since the ,
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structure : : : se the ,
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probes with a phase shift of 180 is |ocated symetrically about the
m d-line of radiators. The demand of a 180 phase shift leads to the

i mpl enment 3. i . @45 | : ' such a
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proposed for use on such planar antennas to ease the serious degraded 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.




I n accordance with a first aspect of the invention, a suspedgd2pisate
dntenna for broadband applications is provided. The antenna conprises a
pl ate radi¥P8P06041%| ot cut in the plate radiator, and a sBEEBEHT080Y y
bal anced feeding structure symetrically feeding the plate radiator with
respect to at least one mdline of the plate radiator. 26 July 2005 WO

02/ 060014 PCT/ SGOL/ 00009 5 Ln accordance with a secon spect of .the
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plate radiator, providing a sl'ét cut in the plate radiator, and using a
subst ant i apfrovidingrigdete rebision grestiding rishoé chioin thy platstredigter,| andfugingiang t he

pl at e radi r .-wit.h.respect.to,and close to t ent er, of, the.plate
radiator. %?D.Q%F“ fsbcafla}nﬁ?‘?geﬁ_d Swgnﬁ%wwe%h@%%ﬁ@ﬁ?§heotfla{eﬁ%d1$&%ent i on
are descri @il rbpecithald Sbsotihe E@ft@ o Afplate rhdifoflr aWi ngs,  in which: Figs.
l-a, Ib, and | c are front, side and bottom el evati ons, respectively, of a

suspended plate antenna with a pair of structural symetrical mcrostrip
lines for a balanced feeding structure according to a first enbodi nent of

the i nventjgﬁ@fl)acgﬁyﬁoaq]f'ﬂﬁ,l}%ﬁn%é: are front, side and bottom el evati ons,
respectively, of a suspended plate antenna with a pair of close parallel

wires for gmbadiaRARGHREHBSticH 4t bt Bed RGERLAL -tﬁ%f@reﬁe&m?aﬁﬂﬂ'mnt of

the invention, and Fig. 2d provides an enlarge ront view o I's feeding
struct ur e;infilgeh: 3a, 3b, and 3c are front, side and bottom el evati ons,
respectively, of a suspended plate antenna with a pair of structural
asymetrical microstrip line for a balanced feeding structure according to
a third enmbodi ment of the invention, and Figs. 3d and 3e_ provide en| arged
right and ¥igt tlayiged leespfiont, sideanddption devations. TespsetriY.nie suspagded 4a,
AN e Pl ek i P o BRI SR RiorbP Hilb 6} ¥ bt

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;




plate antenna with a copl anar wavegui de (CPW-1ike structupgJfigroes bal anced
feeding structure according to a fourth enbodi nent of the invention, and
Figs. 4d aWd0%es00Hr ovi de enl arged right and left views, recBOEEGINGDYY, oOf
this feeding structure; 26 July 2005 WO 02/060014 PCT/ S®1/00009 6 Figs.
5a, 5b, and 5c are front, side and bottgm el evations, respectively, of a

suspended .pI e .ant a aral | -conduct or .line syst em f a
bal Anced fEebi oSG TR UME %ébi%ﬁﬂﬂgmﬁemae YAHORS, RERSAT FRbhOf Grsupprad
i nvention; ?lEﬂe%tenﬁQm@lba tvAParfifel RbRdct? Mae sPdtES f&“ﬁbﬂ%&@%fﬂk@éﬁigﬁ{?ﬁ 1

respective of a suspended plate antenna with a pair of

f eedi ng st&chlﬁuigip aghiffa Fmhedithehefdhaigventiomgt ure  according to a sixth
enbodi ment of the invention; and Figs.7a and 7b show the distribution of
i nduced electric currents on the surface of a plate radiator of any
suspended plate antenna shown in Figs 1 to 6. Detail ed Description

Br oadband Eigs [ﬁanféha ang6ataee Goitesidasndidtiont eeditiogs, sespectively of 2 ampendatet hod

t her ef or all eyiate ]gh crgss- oIarJztlonIevIslnthe H-planes

and di ot oriEg 2PisEna PG & Brips dofsbalansed fedmesagotur
her ei naf t esccofa{ﬁgnota%{maemadﬁﬁeﬁ%pg@%%na&n \Mpfel ess conmuni cati on

t echni ques, denand i ncreasli ng antennas that are small, involve |ow
costs of manufacture, and provide high performance. To afford wirel ess
comuni cati on devices with nobility and allow for sectorization of

wirel ess %x@ﬁéw Coﬁ{do%fﬁdehﬁugﬁl?élécmﬁ%ﬂ&é&ﬁé oft BieSAAS; ofH ©

typlcally requi red. sin I'nmanufacturi ng ease and

i nexpensi \pate natigtor of myusagpadedplae atenan showmin Epanaso Gsual |y attract, and
t herefore encourage, industrial applications of such antennas. The hi gh
performance | eading to broad inpedance bandw dth and stabl.e radiation
characteristics with | ow cross-polarization |evels crossing the

wel | - mat cipsailepbesiijtidgiass- band, allows antennas to neet the

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




needs of nmodem wi rel ess communi cation systens. Therefore, paiglyebbmrt is
devoted to the devel opnent of conpact broadband antennas. As part of this
devel opmreMfO f/08ds, suspended pl ate antennas or ni crost riBETFEGRRKH000ANt ennas
which are fed at the center of plate radiators of such antennas

Ssymmetri caI ly 26 July 2005 WD 02/ 0600 4 PCT/ SGO1/ 00009 7 about mdlines
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(180 degr Bﬁmceaff@eael%smc&eca tort®is ds@&tosféa@oﬁﬁﬁ?;hﬁéﬁ%@ 8t plate

radi ators. The resultant atlon performance of the respective antenna
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per f or manfigtched pirg-vangad wel | - mat ched i npedance pass- band. Nbre

specifically, a suspended plate antenna with an electrically thin slot cut

symmetrically with respect to mdlines of the antenna's plate radiator is

symetrically fed at the center of the plate radiator in the proximty of

t he sl ot I ty& antenna havi ng

a plate rgﬁsipg?%r% %ﬂg%gteuggg‘% n% %@Eﬁ%&g@eﬁr&hﬂgﬁr?&%%rtﬁg%tﬁ whi ch the

f eedi ng sGmbmﬁimﬁmsfoé&chIHVMOplam@ereﬁmte atayideddo emhexaiﬁl tbe degradedt the center
uch a suspended

of the plate rad| tor I S in Figs,,1l a |b and %-ﬁﬁ
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asymret r | grbifiRmy, faaslugﬁa@ﬁéd plfaee&ltdﬂaa SihithUstelcfoall Biin SR 0R SmM ki@ r | P pat ch
ant ennas, because a bal anced feeding structure is used t0 symetrically

feed the mthu:@pccédq» audJnnﬁtof theeantamna ‘s iplasé radinsords syremetripgllafedral thet her

bal anced or ! bal anced. f eed] es air
thin w re%emeéog nﬁd%t? ?B OIXFIH& h%gﬁg)% tbfgft’gg%qdr%&ﬁl%%g“ ?LB' 1 anced
f eedi ng probes, or a pair i nverted-L feeding strips are used as shown
in Figs. 2a to 6¢c, respectively.

A suspended plate antenna having a plate radiator and a feeding structure with four
ports in which the feeding structure feeds the plate radiator 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.
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within the broad i npedance pass-band, in which only one bal anced or

bal anced-|i ke .f eedi ng, st.ryctur i t.h sinpl edi,ng network., s used. The
Foedi ng. bt WS F5aRgle el etbgsrd S Ra plF Rty e foviaed

Based 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.
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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
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degr aded rﬁdhaphﬁnadh&nacterlstlcs of suspended pl ate antennas, in mhlch
techni ques are developed to symetrize the cross-polarized i nduced
electric currents with anti- phase in the plate radiators of the suspended
plate antennas due to the generation of higher order nodes, which degrade
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greater detai ence to a an own in Fig. 7a,
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suspendedgﬂ%éfceggé’ﬁiné% égy%ﬁ%? fignoint %ﬁéﬂ‘?z C?FF‘&’JM"HS?@#“?%@ pl ate
radi at or 7, syReWioal Abdht n@lnB2 B>, |1 nes, and feeding the plate radiator
702 at the center with a bal anced feeding structure

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
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Figs. 1la, 1b, and lc, respectively. A highly conductive and electrically

thin rect anh@m@ﬁyphlatoéthl@l@lmatfgam,l@zanwtheéuﬁpﬁéﬁwem finitgdsnsized dielaclia ground
I 104 t |1 t. di
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rectangul giae!1@e antenna for broadening the inpedance bandw dth. A
probe-type feeding structure 106 is used because of the |arge spacing
between the plate radiator 102 and the ground plane 104. An electrically
narrow rectangul ar slot 108 is cut preferably in the center of the plate
radi at or  a2jatibik of/tlﬁe 9&5 ﬁ&a&&qbg@mywus&l OForléd8mi ke, ir2ntgd beBéng! | y
symmetrical about the line joining the mdpoints of the | onger si des of
t he rect amgethegulay) the platanhidiater 10202ay havd 2lshanes #hich is triangular, trapezoidal,

circular, or bow-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.
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t he invention, respectively, in general have features or characteristics
that are simlar with features or characteristics of the plate radiator 102

and gr ounthe plobadecliOid 0, thehisk elRoigichicsi grialt 4e Gth xcbonmedted Bfa duiface Meant i on and
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radi at or @f@malinfed to the SMA conductor 114 and connected to external wireless

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




this-instance, the probe-type feeding structure 106 is a mgasboop | i ne
fed by a probe feed 110 that is spaced apart fromand in parallel with a
ground walWO 9396088 shown in Figs. 1 a, Ib, and 1c. The grRGKEGWUAPI9112 may
be narrow or wide, provided that the wdth of the ground wall 112 is
approxi mately equal to the width of thqgprobe feed 110. The probe feed

110, to which el ri.cal signals are fed,,|i on ted to surface nount :
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f.eed 110 and the ground wall 112 may be conpletely or partially separated

by foam o¥nkedimgither infinitely- or finitely-sized dielectric naterial 116
that is inserted into the space between the probe feed 110 and the ground
wal | 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 proxinal to the
edge of edble bilanché fesdingsstmgtuteoofgbe secondiesbedimehtis desriind in greatst datail 08.

Each of the. prqobe feed.11 d und wal 12 i co ted to e of the
pai 1 of f GO PR S ulk dp By LA ealerpty Sieiohe tRE T te i Bef 269, 10z,
In relati QE‘bﬁl@n&é&%n@%ﬁﬁﬁ%ﬁg@&ﬂfe@@fﬂe%uﬁfen&é@plhﬁ}éﬁ%h@E‘ymﬁ‘@@icﬁﬂﬂf g€ thef eedi ng
structures are preferably probe feeds consisting of a pair of close

paral | el \ficpies oPihe plte radidter 202} du this wtance, drprebe-tdetder iplchEre 20Gisi at or
symmetri cal | wn 4.0 Fi a,  2h. c J.r_of smerostrip
Y e 506 ek SRAslc yie$06 %’Bt; ocglists 3P 6%‘%%%6%‘89%"3“’? i5'sped 3t 2005 | wo
02/ 060014 fRGH hbBhlp R WithlBground wire 212 as shown in Figs. 2a, 2b, and 2¢. The

ground 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.




second and third enbodi ments, respectively. The bal anced fzedingoss ructures
are also preferably a CPWIike probe-feed 406 as shown in Figs. 4a, 4b, or
4c, and aWwapuwoed feeding system 506 as shown in Figs. SeCT/SE1/0aed 5c
according to the fourth and fifth enbodi nents, respectively. The bal anced
feeding structure is further preferablﬁ a pair if inverted-L feeding
strips 606 as shown in Figs. 6a, 6b, a 4 6c accordi ng to the sixth
enbodiment. The bal anced feeding structure of the second enbodi nent is

described in greater detail wth reference to Fidgs. _2a, 2b, and 2c.
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the feedthRitibhercatricthan Bisadfopfihe piobe fed VA& conductor 214 is al so
connected to the ground plane 204 in the proximty of the feedthrough, but
on the side of the ground plane 204 opposite the plate radiator 202. | nput
to or output fromthe suspended plate antenna is fed to the SMA conductor
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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.
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structure of the third enbodinent is described in greater detall wth

ref erence WO OPY§814 3a, 3b, and 3c. Preferably, the probe- tRRSGEHUIAg
structure 306 is balanced and confjgured to feed the suspended pl ate
antenna symmetrically about the centeys of the plate radiator 302. In this

' , f eedi 06 . .m rip, L. fed b
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wal I 312. gARalyy of feed points 318 are present on the plate radiator 302,
each feed point 318 being |located at the center of and proxinmal 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 5’1?1‘3 ty - r f 310 | 312 is
connect edTﬁo eg(lz’:' E&gﬁ 1t0 E@‘C”g%‘?é eltSFﬁP %es 2‘51%%:1 a%?gedg%g Oﬁg%t%t%%qa%%{npﬁf eedi ng
t he pl at eadapthr §80iA)30Bductor 414 via a feedthrough in the ground plane 404 while the

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




26 July 2005 WO 02/060014 PCT/ SQ01/00009 15 The bal ancedd mdgogs
structure of the fourth enbodi nent is described in greater detail wth

ref erenceWQUH68&14 43, 4b, and 4c. Preferably, the probe- tREFESGEEMAg
structure 406 is balanced and configured to feed the suspended pl ate
antenna symmetrically about the centey of the plate radiator 402. In this
i nstance, the probe-type feeding structure 406 is a CPWIike structure 410
that consists of a probe feed 410 that is spaced apart fromand in

[lel wt d 1 412 f tri 13.t hat
bt anar s pritd st teacute Seme dmbolibcim g i3 Mpgth tor S8 a w at
of the gr@uRdefsRhbe ﬁ)]ﬁgé Sa, 51;}’9{1&3%'9&1@&%?3; %ﬁeﬁr@ﬁé]hk@ﬁe&ﬁlgtsﬁu&ﬁretm probe

feed 410, and each of pai'’r of coplanar ground stripsS 413 is spaced
apart fr ombelmhedsmmﬁesomﬂguﬂwd t faoth ghef weplendmphitﬁjantfmnpamamemcaﬂt’ labowiibe h. The

be feed 410, f d
Bl Face niHE O R Eraqtaps O dhdfhs ety e RpE SRR SPRE gr ound
pl ane 404, Ml!aﬂlc% febifing 95?8%9906‘@{& ctﬂ}ls%tsad'ﬂi aﬂ%f@ﬁia'ﬂepﬁroﬂé 044861580, lch@so@ 13 ar e

connected to the ground plane 404 in the oximty of the f eedt hr ough. The
ground powhichehrrids @@Mﬂ)amgmhmpldzelmhé}@“ Oufsofglhetﬁ widh ﬁemle darrigd biighegr ound

pl ane 404 n th r OXi feedthrough but on the side of the
ground pI §“B%58§F%%%Ph%’ ?% radiator 402. Input to or output from
t he suspended plate antenna is fed to the SVMA conductor 414 and connected
to external wreless comunication devices. The probe feed 410 and the

ot her i nf The R gt ptte oefs b0 Sha Ploshad spe aRablr i tyatpis "
| nser ted isicBholdao AR, él@,t\%t@& RociiBoRIIORTnE BRUndRnabeL. t RRTOsTaNghiMel |

412. A pair of feed points 418 are present on the pl ate radi ator 402, each
f eed poi nef ptals febd 5 h of thedabuh M is h@memdmﬁ@fplﬁmﬂdmt@xﬁqi’alhmlﬂt@ e edge of

: te ﬁghpf);tLhtﬁgl&(gtﬁﬁr@e%tggei@gégg@@gm anggﬁdﬁr tl?ellg)atlund'g)fgtl anLdtco'mqect de center of

external wireless communication 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




foregoi ng manner for the first enbodi nent. Each of the progeyfigedos10, and
ground wall 412 and ground strips 413, is connected to each of the pair of
feed poi ntO®P ¥ synmetrically feeding the plate radi RESHIR0026 Jul y
2005 WD 02/060014 PCT/ SGOJ/ 00009 16 The bal anced feeding structure of the
fifth enbodi ment is described in greatgr detail wth reference to Figs.
5a, 5b, anpd b5¢...Preferabl t rohe-li ke .feeding structure .506 .is

bal anced %ﬁgl%%HP%@ﬁﬁ@ﬁwpﬁHFEQ%Ggﬁgﬁgdggegﬁﬁﬂﬁﬁﬂgﬁgﬁ3ﬁ¥§ﬁﬁ%¢?gﬁﬁﬁiricaIIy
about t hebothané Riveéd-Ligotd RéEEsTRMddhRirte8A2grohild Wike® 128 cplddar.t he
probe-type feeding structure 506 is a balance feeding system 506 t hat
consists of a pair of parallel probe feeds 510, each of which carries
signal being conpletely 180 out of phase with signals carried by the

other, asTabaWRbAL o5 feé@ﬁl@%wﬁﬁﬂe?&u'ic-ﬁhﬁgﬂﬂé &e%%eé ehmeliB@sa 510, to
which electrical signals are fed conpletely out of phase, is connected to
a bal un 5surfage monf adaptdr(BMgY) conduche 644 vianal feetitinegh(d thefmoimdgflanehid4pai r of
probe feed 510 of the_halun. 514 .is.connecgted ta,t | at e radi.gt.or 502.
put o B RE QIR o B LS Uh G SR ap it an it M Soferifitsdife pal un
514 and ceRrpesiRetct 0 1RSI lad 408 18 Hife SORPMB) rahé RRAIGEMIZRESt off Rl I Of
feed points 518 are present on the plate radiator 502, each feed point 518

bei ng | océifed! te grémmdgdmef04aippasits the plriaradiatos 60he Inpuy e efovlwé Fosf t he
| onger si f rectangul ar 0 cut .in ter of t | at. adi at or
50256 delErrBentrPRRatrga Bl e SRR Fobol N AiED PlekBB P rkal Zoch o
the pair @freREDbEhegdaiioddvicegonnected to each of the pair of feed points
518 for symetrically feeding the plate radiator 502. The bal anced feedi ng
structure of the sixth enbodinent is described in greater detail wth
reference to Figs. 6a, 6b, and 6c. Preferably, the probe-type feeding

structur eT@@ﬁlspérﬁiea?hﬁ@meu@aac&%g Bt difichod i iBvaiiRengad rbat

antenna synmmetricall'y about the center of the plate radiatof 602. In this
i nst ance, inappligatiohe requiring seglé plgmsnt, ey oe d6@eEitysntenna configurations. The

balanced feeding structures are preferably used to symmetrical feed 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




a pair of inverted-L strips 606 that consists of an invertsgljhy poghe feed:
610 the longer side of which is spaced apart fromand in parallel with the
| onger si dO 83064 nverted-L ground wire 612 as shown i n FCEHEGOEWI0%6h, and
6¢c. The shorter sides of both the inverted-L probe feed 610 and inverted-L
ground wire 612 are equally spaced apa{t 26 July 2005 WO 02/060014
PCT/ SGQJ/ 00009 17 fromand in parallel” with the plate radiator 602. Al so,
~ the |ongeFadéﬁ%erSsberhéféﬁh%ﬁla@ga@#torswshaiﬁ%@ FVRST TEeTUSHES R hegeathsn o and
~inverted-|, d 610, to
whi ch el ect r %ﬁ%ﬂ? Sgt il%t %é W%gﬁ%ﬁhnrég edtﬁgggiaﬁg%ﬁsg&g%& t adapter
( SMA) conmmahﬁﬂhnés]ﬁthepla&fhéﬁdﬂhr ough in the ground plane 104 in the
proximty of the feedthrough. The ground point of. the SMA conductor 614 is
al so connected to the ground plane 604 in the proximty of the feedthrough,
but on the side of the ground plane 604 opposite the plate radi ator 602.
I nput to or output from the suspended plate antenna is fed to the SVA
conductor 614 and connected to external wreless comrunication devices.
The suspended pl ate antennas according to enbodi nents of the invention may
be used in applications requiring single elenent, array, or diversity
antenna configurations. The balanced feeding structures are preferably
used to symretrical feed the suspended plate antennas and mcrostrip patch
antennas as well as to suppress cross-polarization levels in the H plane
and inprove the radi ation patterns in the E-plane within a broad well -
mat ched pass-band. In the foregoing manner, a structure for feeding a
br oadband suspended pl ate antenna, and nethod therefor, which alleviates
degraded radi ation perfornmance in the E- and H planes are descri bed.
Al t hough a nunber of enbodi nents are described, it is apparent to one
skilled in the art in view of this disclosure that nunerous changes and/ or
nodi fications may be made wi t hout departing fromthe scope and spirit of
t he.




invention. For exanple, the plate radiators may have shapegstgtooese
€lectrically and functionally simlar to those that have been nenti oned,
but are notVOOA0§W14the plate radiators and ground pl anes PREW/SE06609
necessarily be planar, and such variations allow the flexible

Fnpl ementation of such broadband suspepided plate antennas to suit profiles
of housin within which the antennas maybe di sposed. For exanple, the

pl at e ragiﬁﬁ{nésrs may be curved or corrugated with V- or U cross sections,
or have other non- planar structures that are symetrical about pl anes
passing through the mdlines of the plate radiators. The ground pl anes may
not necessarily, be llel with e ate 26.July 2005 WO 02/060014

PCT/ SG01/ 30009 A:L%lspgf%g&h%? %f}te%lﬁtfgﬁfpe haﬁg abﬂ’%&@@"?%éi%&%?@ﬁﬁﬂ@lpaﬁ@& be
curved or corru&ﬁlt ed,..or have other non-planar structures that are
symetrical wi APIHEESE¥PTE1 0 the pl anes passing through the midlines of the
pl ate radi ators. 26 J,ull\{ 2005 WO 02/060014 PCT/SGO /00009 19 dainms 1. A
suspended pl at & SiicBindbe plateppdai@band appl i cations, the antenna conpri sing:
a plate radiator; a slot cut in the plate radiator; a substantially

bal anced f eedi Agulstantiallybalanspdfeedinggrciure saamagicaly fastimgdhe platéi at or with

respect t LAl i of . !l]ﬂt .ator. 2. The antenna as in
claim1l, %@g{ﬁﬂﬁh@%ﬁg&ﬁ%@%&r@g& a g%F%%C{IgﬁD%ast one mdline of the
plate radiator. 3. The antenna as in claim1, wherein the feeding structure
symetrically feeds the plate radiator with respect to the mdline of the
P lf ate radpator 70yl WIGR 08 I,S\lﬁvg}areinsthe slot is symmetrical about at least one

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.




symmetrical. 4. The antenna as in claim1, wherein the pl ajg@Ju@ngsor is .
one of rectangular, «circular, triangular, bowtie |like, and trapezoi dal
shapes, orvQ&P®Pifons thereof. 5. The antenna as in cl ai m ECT/SGer@om t he
slot is rectangular or H shaped or dog- bone |like or bowtie like. 6. The
antenna as in claim1, wherein the feedhyng structure is one of a pair of
mcrostrip lines, a pair of close parallel wires, a pair of asymetrical
mcrostrip Iines a CPWor CPWIike structure, a bal anced feeding system
and a palr of i t,ced L . edl rips, ,or variations._thereof 7 The

antenna asin c Tﬂa\ﬁ;ﬁé‘? Pra‘P udingia-groynd plang abge Which thanout  at
| east oneéﬂﬁt@@ghﬁglsglsﬁq)ehag(pugh a mdline of the plate radiator. 26 July
2005 WD 02/ 060014 PCT/'SGO /00009 20 8. The antenna as in claiml1, 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 syrmetri cal about at

| east one @l anerjpag; i 0. The

ant enna aépln gralnﬁgﬁgﬁﬁg{gﬁﬁp ﬁgﬂ%%%é@? L?&Fﬁng W&Fﬁkﬁg %

mat eri al . leaﬂoneﬁplmpmdmgcbhmﬁgeainnglnae cfibpplatdaddipioat e antenna for br oadband
applications, the nethod conprising the steps of: providing a plate

radi ator; providing a slot cut in the plate radiator; and using a
substantially bal anced feeding structure for symetrically feeding the

pl at e radiiét or Thctantenas pefi cliith ArfheEtiad: dpacd REIRARHE diefeclRRenstbadie
radiator. 12. The nethod as in claim 11, wherein the step of providing the
cut slot includes the step of providing a cut slot which is symetrical
about at |east one mdline of the

11. A method for feeding a suspended plate antenna for broadband applications, the

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.




plate radiator. 13. The method as in claim1l, wherein thexsj@p206s using

t he feedi&g structure includes the step of using the feeding structure for
symretri cAYP §29688¢i ng the plate radiator with respect to RCESGhi@hione of
the plate radiator about which the slot is symetrical. 14. The nmethod as
in claim11, wherein the step of proviging the plate radiator includes the
step of providing the plate radiator having one of rectangul ar, circular, '
triangular, bowtie |like, and trapezoi dal shapes, or variations thereof. 26
July 2005 , WO 02/060014 PCT/SGQ./ 00009 .21 15.. The.nethod as in c¢laim11l,
wherein the'ste eoq‘lgg?‘ﬁ@sl ﬁ%ﬂ%ngﬁ{e%ﬁh&gte?ﬁ’gﬂﬂi’é@ng %tf‘?é:%g]@bmﬁllud%tti ng
the sl ot whé elp bScutehd ARt HWhidY is FeRARE oPH-HASAR WS e lHok 8 1RE P&ﬁw& e

like. 16. The nethod as in claim 11, wherein tﬁ% stepgof usi na t he ; eedi ng
structure lkencl udes the step of using the feeding structure which is one of
a pair of mcrostrip lines, a pair of close parallel wires, a pair of
asymmetrical mcrostrip lines, a CPWor CPWIlike structure, a bal anced
feeding system and a pair of inverted-L feeding strips, or variations

t hereof . 1%, ThHiematthodlasin daimcl laiwihefein thelsep eif nsihp ¢hesfeeding btnphoxi di ng t he
pl at e radi.at,0 further includes.of providing.a plate radiator whichis
symet r i cdﬁwhé‘ﬁ)et?ﬁ]ﬁe sep ?‘é‘é?é‘i‘g @ﬁgeedm%w@%%gfbwg 1§ ‘Pffeo%té‘rpaé‘ THICTISE Ot he
plate 1 adijiapakf okiie piRUBOKES alplir 6F Ayl dricdl WibRSHid s UAEPY dine st ep
of providing a ground plane above which“the plate radrator Is suspended.
19. The néihdikgstineiury, aibalanesd fabding systenh end pepiref iproed-di fegditg strigs,ound

pl ane in .the step of providing a ground plane which is symetri cal
about at I%Le'g%?a%gﬁg?nebefoghe passi ng through a mdline of the plate radiator.

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.




20. the method as in claim19, wherein the step of providipgytipeogsound

pl ane further includes the step of providing the ground plane wherein the
space is filled with dielectric material. LOW CROSS- POLARI ZATI ON BROADBAND
SUSPENDED ) BFERNAFENNAST PLIGTFON PURBEHIER YNDERTHRBYENTH CHOPI R EONEREATY) P frpr

br oadband applications is disclosed. The antenna conprises a plate
radiator, a slot cut in the plate radiegegy, and a substantially bal anced
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