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WO 2006/ 097918 PCT/ 1 L2006/ 000322 CAPACI TI VE FEED
ANTENNA REFERENCE TO RELATED APPLI CATIONS 5 The
present application is related to US Provisiona
Wat2eet09®ppl i cati on  Serial No. 60/661, 750 f i PCSHILRMO6/0F9322
15, 2005, and entitled NON- CONTACT FEED FOR | NTERNAL
ANTENNA and US Provi sional Patent Application Serial
No. 60/749,364 filed Decenber 9, 2005 and entitled
COVBlI NED CONTACTCAFACITFCRFERDERNEENNA ANTENNA, the

di scl osures of which are hereby incorporated by
reference and priority of which is hereby clained
pursuant to 37 CFR 1.78(a) (4) and (5)(i). FIELD OF
THE | NVENTI ON_15 The present relates to

ant ennas geﬁ@FgBﬁvcgﬂ%)ﬁEFéngﬂgﬁgiﬁg Kyﬁ to antennas
for nobile communicators. BACKGROUND OF THE INVENTION

20 The followi ng Patent docunents are believe
repr esenthe Wéseégﬁl?%'ﬁ‘!twnéf’ Hlgedio VRS f‘a‘flﬁmna@JPS‘entPéPIéW?%‘m
Seﬁalw 66/881, %tﬂﬁéd K@a%hll%O 2065 Qn&’en%ﬂe&’N@N-ébﬁd‘Altﬁt B¥D FOR
i cati on No: 05/ 00574009. 1 WD 2006/ 097918
INP NMz@N@ENU@wrQ U%mmawtméppWEmﬁw TNee 60/749,364
fil@lr S&&ERber 914665 4 kn ﬁﬁ@&(éomlﬁﬁﬁvéémg&y FEHIPHER ‘?ERNEA@,
use ina nobile conmuni cator. here 1s t
ArﬁjPENNAethe idisclasurer afavideh avke thhreby pxcetfperateédnyeﬂdbmdcmdtprmﬁty

the, . entio avi [tiple

of i 4R Blanbl SR 27 PR PR AT & P
pl ate extendi ng generally paraIIeI to and bei ng spaced
fromthe ground ' .Stance and havi ng
a feed connectioﬁhgﬂﬁéﬂﬁrﬁgnggé%ggﬁhthe feed plate and
the ground plane, at |east one radiating el enent

extendi ng generally parallel to and bein aced
fr om t heThecrsesep) inyéatipy refatesdle GAIGnRAS SERFAY aaﬁ ? paricdyrly
to S¥hndfoY AAbTe SANRGEHLRTS.

BACKGROUND OF THE INVENTION

The following Patent documents are believed to represent the current
state of the art:

U.S. Patents: 6,680,705 and 5,764,190; and

U.S. Published Patent Application No: 2005/0057409.
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connecting the at |east one radiating elenent at a
first location on the at |east one radiating el enent
to the ground plane at a first |ocation on the ground
wbans/0ovke first |ocation on the ground pl R(&/MHM0sp00322
separated fromthe feed connection by a third
di stance, the first, second and third di stances being
sel ected to achi eve desired 15 i npedance matchi ng of
the feed pl at e SUMMARYOF d8E IIVENTIOMedi ng t he at
| east one radiating elenment at a | ocation
correspondi ng to an inpedance substantially greater
than 5Orh©presatt isventi@astksan @rdvidedan, improvad ewenfarforcuspiin A
referred enbodi nent of the present invention the
“m5¥£ WNGIE has an aperture formed therein, and the
feed c ormxetétls fhids Broiviiedl i dcbordugh w1ﬂh01 ;trbferrabﬁnltqdmnt of the
There is al so provided in.accord agﬂﬁs .anot her

prefng MYPHIIA 2B ABISERA IS TR, AR Bsy iR S he plane,

a f@0 gymtﬁaﬁg%@nﬂ fy[;jaﬂill@l thafld Baihgghabsafesim tnacgrmd pina by a
| ane | ate extendin

ﬁrsp érséﬂnpeeandt kavine frefl ﬁ@n@ﬁb&ﬁ’eﬁ‘tﬁq‘i% ‘teﬁ‘%eeg t ‘hFFad P{ﬂ‘ And the
groﬁné gfagé a1 Etad}xgera(ﬂﬂﬂ'l é?lg eﬂteﬁcﬁﬁ% é&fé&'@ GhtaQlél to and being

etmeen t feed plate and the_ground
spap¢Chfrem ﬂit feed plate Hpa qemdadlsthlg:eeqnérpéMaste%eeg%qaﬁg connector

corg?aﬁéa%l: Yt RAERbdela faﬁn%@l@meﬁ’teétn? fitd 36&Hod LRMhd Belchfeshe

second |st nce east one gal vanic
rademng etcmnnt tocﬂm g@cnd plgne hlea Sirst lesalion o thergaenngtnlang the first

locptéodzl 8& § eatgré)?%cgrg & befﬁ%astebaggteﬁ) rfra)tn{] ChePleell ec@ﬁﬁecﬁ&? by a third

round pl ane at
distapest therfirst sedvard garaiu tidrdp Idmtaecest being iselscted It@ceahiemw detired

lm@gmfgg[?lgtg]ﬂ gy?gﬁet ?q Ip&g%;%e% &ltgentg%g gﬁp Eeeg”m \%/gen at least one

rad@éﬁ'ﬂ pekhleftht 6 WVAR6H tdi@spondingto hemstedaice su‘rmtinaztl]yrgeater than
| ement and the feed plate, there being a capacitive
Soﬁﬁﬂl%abﬁﬁwaﬁﬂ@néonnect|on bet ween the feed plate and

the at |11888tor@ACe WitHliadiréfoe EéiETRIhent of WO ﬂ%ﬁ/ i0eEAHARB the
PCT/ 1L2006/ 000322 There is furthgﬁ provi ded i

groyné plege hescanyanerutg formeditbsreiny addhe Eed CRBGGS T SRLeTSh tepgh

th @@ﬁgt i nvention an antenna having mul ti pI e radiating
ep‘g i ncluding a ground plane, a feed

ext endi rifhetreis @lsalprayidsd impecerdapes iffriangher, afegfﬁfﬁé gepbodimgnh
of {he%n%r x?qH\%ngl)rﬁg}?mﬁéﬁn g&lﬁ%fguﬂip’f’é AlkAngPAhd Bluathgd droaMd

nection between t | ate and the groun
plapé,aneed @tatd extetdingngencrally geialie) te|a@ﬁévﬁmgesw@ﬁ dfop the ground

Pl Bt & s s Rl oy o (R EROEATE SRR ek i
and the ground plane, at least one radiating element extending generally parallel to and
being spaced from the feed plate by a second distance, at least one galvanic connector
connecting the at least one radiating element at a first location on the at least one
radiating element to the ground plane at a first location on the ground plane, the first
location on the ground plane being separated from the feed connection by a third
distance and a galvanic connection connecting the at least one radiating element and the
feed plate, there being a capacitive and a galvanic connection between the feed plate

and the at least one radiating element.
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connector connecting the at |east one radiating

elenment at a first location on the at |east one

radi ating el enment to the ground plane at a first
WOeasi0p1Hn t he ground plane, the first | ocdi1b0epP0322
t he ground pl ane being separated fromthe feed
connection by a third 10 distance, the feed plate at

| east partially overlappi ng portions of at |east

two
conduct i \E™ & FertheefpraEgedyyn tareordance eith & farthes gpratertad)

emBIdRE L ofaihed JrBRnAlnvkRBR aPRBteBA YARhE mAGHE G6diMng bands
There is additionall ?/t provi ded in accordance wth
a

inclydinga) ssornd planes e foed glatecaiirndingestergly nagllepiocand being spaced
froth rer{eegbmc}ﬂm b?'&ttﬁﬁk'?ﬁste{h@é’ hOnaFietal 1B Jgﬁ‘c Pﬂ&h@ﬁ b&Qe&% andRed
i nclu roun p ane, a fe p ate exten I Ng
plalgené ﬂalgr@unﬁ aiaab Iaé leastoneradiating plgmepeextedding genetaliy pegaticl el
andpll:e‘%% n}fesdgflr g& % @e?éf g &mg tﬂ)?% 3%% Gc f%as% (66’99 g?l%rﬁg
conheracs‘[coomtm@ﬁie at leany opd mdiatibg eixmﬁttdat adirgy m:etncai énythe at least

on A o G AR BRI S BBt

ﬁrst:h»nﬂmtdnrtge giwnd pRfe pdiAg scpafated fidni $He fe&i:éttnhénmoﬁ by tahtiird
ane at a_ first | oca‘gl on

. feed, plate to the 20

ity B O Gl PRl R RaePLE FoBRERE LM TER PR

armB| dufigedd &l Nfle €Nz LRY rddidi t demdr &Md CHAH e GédsO Bnd Yalanic
third distance, the first, second and third distances

ConpiHy sel ected to achi eve desired i npedance matching

of the fraed.s Ad&ltﬁ)ﬁ&]ﬁf&éﬂeﬁl Wabkbr@anbt GfR5A 3&&%@9&%&9&
of the present invention the antenna also includes a

embgdineat 1of the Qugsewly invetions ¥y gnigRRee havjng gnultinle Jediptingsbands
inclOMBg b @Al iphe, azée@gﬁfgee%endlﬁg ggxgegflg{ Cﬁé f‘t% Zli 'i)§1'ﬁ spaced

second and third di 8tances a achle
fromg) ékg grewnd plagrebin A disstriigtane ngd bvinge fteéec@nmcaole betwnen said
r r erre ' f
feed R0 SANGE Wohaly BAOE 1 cdlt Bl BHnE R B/ nae dohaty
paradlabmnﬂlbczmgfspadd fitoart &c feedgfiae hjplaysgcant elistaned) apd anleast ioon

galv%%tcec{agxfec é)rgr Onreﬁc r%gtg %eg fggx?ep?tpafj rs%ﬁfﬁ{é& ttlgéo geg ia?eakp tXe
growldt daneadt |avfﬁbtylpcatthe oatthé gmsid plage,rsaidi firkt locptieh emmhé gioand

f d t t | 1 Slot. 3 2006/ 0
plans S oot 45 e coBices Bk g Bxngey i Hissocond and

thirPdigfardet 66in€ HIABATE BéhievE dediRd RhSEiaRde rhalotiY dfoke febiR at
| east one gal vani ¢c_connector extends from a (t;round

cont act aagorpnce vith & piglerigd smbadimpnicofithe BietsdT fiyeqtiqa the
ante@hOMBSinRI@8€a dielectric support platform underlying the at least one radiating

element. Preferably, the first, second and third distances are selected to achieve desired
impedance matching of the feed plate.

In accordance with another preferred embodiment of the present
invention the feed plate includes a capacitive feed plate. Preferably, the feed connection
extends from a feed contact pad which is electrically insulated from the ground plane.
Additionally or alternatively, the at least one radiating element is formed with at least

one slot.
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention will be understood and appreciated nore

fully fromthe follow ng detail ed description, taken
W0 200999t i on with the drawings in 10 whi GRETIER6/000322
is a sinplified schematic illustration of an antenna
constructed and operative in accordance with a

preferred enmbodi nent of the present invention; Figs.
2A, 2B, Iip@ceqnéance Wil @ fusthere prefarredspmbadimeng qof the present
invaliBh Ael Rheast OB i ' nSEERMM &kt p¥Ahich
mVé\?‘luéévQﬁ(el ai%llj% trog{éi%ir@ﬂg? &glr?gme%%ng?@nt gf an ant enna 1&5
is galomstally coredctatth thpgmoand plenei n accor dance with the
present invention, the sectional illustrations being
taken al ong respective section lines I C11C and
I1D-111) in Fig. 213; Figs. 3A 3B, 3C and 3D are
respective gj LE ' j [ and first
and second @%@%%ﬁ%&&?f}@ﬁﬁﬁ?@mﬁ%@%ﬁ a preferred
enbodi nent of an antenna constructed and operative in
accordance with the present invention, the section
20 il uggF GBS IBHRY W‘gﬂﬁn‘f’éﬁeﬁf?@draélgpaéjgfe’!c\?g:%s%%rf’ ?%ﬁy
froth| the Solldvlifig HdthflePBSkclipioh) taRed fin Iebjunctidf; with gf. dréwingd By
4C and 4D are respective sinplified pictorial, top
whighiew and first and second sectional view
| 1ustragd 915 SinpRRGE RBEmARLM AR 0fQh aBRn@IdoRRARted and
constructed and gper ative in accordance with the
opepatiz's braccordanse witha, prefereedsabpilisieat of 2k presegsiny i PBNns

being t I r ' tk.Qn:d i :
PE0 L A0SR A SRBLA AR RS ol M and
first espeetonde sextiomll i ¥iew dillpsteations af  oneopmbodimeninef af | anignna
nd, second secti.onal view il ration . yet, apot:
condRisiT R e g nreairace iRt ulised T Gucks e RELORY
illugg@i@?ﬂ&ﬁl rlgetr alw:ntgtbng hf_pfmiets flt(zg%ﬂ Jg?eggm-?@ ,ande HE_—TQEUIFIQ@;
illu S [ ) ;
Pnes, VB A ob PR e et M SRS (i AR
firsP& $eca0cOGRBRRw DAL bisDyRDEGERIET leiNo Gie PREFERREDNA
lrSEI\/BODI RQ\ITS Refer\gnce s1 novy n%de to Fid, t%h vt\lj;]i J&t'&?al
consructade gt PRSTRIVE, It P%ff’fdaﬂceof"l A nthe BiysEln ﬂgg%hst r uec? &d
illuﬁfh@o@@@eﬁﬁg taken bIdnAe&pEHiRe s&tivh TiReIIC-HI® an@HID-IID in Fig.
B'errbodl ment of the

’

Figs. 4A, 4B, 4C and 4D are respective simplified pictorial, top view and
first and second sectional view illustrations of another embodiment of an antenna
constructed and operative in accordance with the present invention, the sectional

illustrations being taken along respective section lines IVC-IVC and IVD-IVD in Fig.

" 4B; and

_ Figs. 5A, 5B, 5C and 5D are respective simplified pictorial, top view and
first and second sectional view illustrations of yet another embodiment of an antenna
constructed and operative in accordance with the present invention, the sectional

illustrations being taken along respective section lines VC-VC and VD-VD in Fig. 5B.
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5 present invention. Fig. 1 illustrates an antenna

whi ch preferably has nultiple radiating bands. As
seen in Fig. 1, the antenna preferably conprises a
YOoou#IWisane 100 having an aperture 102 f orRfE#L2006/000322
therein. A feed plate 104 preferably extends generally
parallel to and is spaced fromthe ground plane 100 by
a first distance DI and has a feed 10 connection 106
ext endEFAILED BE§ERIBTION S PREEERRED ENMBORIMENTE? ane

100. A radiating elenent 110 extends generally
parallel to and is spaced from the feed plate 104 by
a secondeftraicea scmvwDRadeNodig. lamihichd®dasehemetic dlustration of an

connect ed at firtst. en hereof 1 kal
it oo and optreb inGRErIract $in g SefsPld Bbitingh Sl
pre@AtlingéntdnSEigoN dngted freamaiha twhidhhyrefgrablyrivis piudiide fadGiting
% | ocation 116 on the ground 15 plane 100. Locati on
bands.6 on the ground plane 100 is separated fromthe feed

C_OnEE‘Ct iA@rbfeeriLQﬁFdiEw,&h% hitérgia @t?‘érﬂﬂy eomPrises B gammd plkmn d60
wth a preferred enbodj nen t present invention
havjrigean meftgﬁe,m%efemr{ﬁﬂamt fﬁ?f'o W@@ﬁé’é@g y ol gy
parftflid 7 iREfadedatorh IR gh@Rd pRhat 60 BOAfRL distatee|ECirdhat o feed
achi eve desired i npedance matching of the feed to the

congertion Q6 experelingthionstpihe apastuemile ibaropp Plareli0y al 1 ows
the feedy Rlldﬁ{iﬁ% et 10%8endsAethé g?nﬁhrﬁieﬂfﬁaﬁﬁi id dfdcéd fréin

| ocation corresponding to an 1npedance substantially
the deedigiiate 10y S@0Ehdisianced?2. egalvanicenasird 12 Fyqopaegted at a

adj at i bapds t . i g lieh s S mektUtio
s e RO YUY SRR Bl O
and3RS, seChlendRESeofUbEE: ghdGhi/plane dODAS: 10Retiasr Bifcen the grpwd
ma o Fi 2A. 2B, 2C. an D, whi '
plams 0, Hsao? L1 (3 e gt P 400 FasP B s P BRgesmLAey
10651804 thidh dlstawéeemB.i | | ustrati ons of one enbodi ment of an
ant enna constfucted and .operative i cordan 4 t h
R et A A R S
firsBREconPand I't}ﬁrdadﬁtﬁﬁhgélll){l[ Bb eh@ Di3yand alg4re s eftha feegr;?am d04 are
pl ane 200. A generally rectangul ar capacjtive fe .
selgstedt e asbiavepfiasired %W%%t%ﬁ%ﬂgg %ﬁa 5?F§rtglct'“’y e fgﬁ third
disARG DS pi&iasby dilo@8thd) e PR d0P kA RRd 20Mathig derhént SO at a
di stance D11 and has a feed connection 206 Bgr%{/%r 9PI Y%
localianegndiesRgnding 4o A impedapgensubgantially gregieq tagmy at lea
6/ P R dREhE binRABIAORARAR of Plg2anclStR, Bitchré fotl1mickd
ones‘gag't e %04 ?ar oam g f%ed cont act pad ggOS whi ch iﬁ
to, ledeliowingbands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS.
Reference is now made to Figs. 2A, 2B, 2C and 2D, which are respective
simplified pictorial, top view and first and second sectional view illustrations of one
embodiment of an antenna constructed and operative in accordance with the present
invention.
As seen in Figs. 24, 2B, 2C and 2D, the antenna preferably comprises a
ground plane 200. A generally rectangular capacitive feed plate 204 preferably extends
generally paraliel to and is spaced from the ground plane 200 by a first distance D11

and has a feed connection 206, preferably extending diagonally with respect to ground



10

15

20

25

30

i nsul ated from ground pl ane 200. A radiating el ement
209 extends generally parallel to and is spaced from
the capacitive feed plate 204 by a second di stance
WO02006TXW1§ adi ati ng el enent 209 5 pref er abl yPEISRPI0p/8W322
a rectangul ar plate which is forned with a
| ongi tudinal slot 210 along a central portion thereof.
Sl ot 210 communi cates with a transversely extendi ng
plaaik @00 2hd . to Aegghpleen2®@! fromne €dedrcoBthet, padr 208ewhish \is electrically
di n y wth respect to ground plane 200
msgﬁip%{}@nbgrﬁ%qaqq ?QPeed plate 204, is connected at a
first end rﬁdlﬁ[r@%iemehﬂzw%)&éiﬂs gaﬂraaylpagnalte DT s@ﬂﬁd abm
214 on the radi

the crpBriA VL R iy 904 BB 2 Foven SN Py Die BALRE legienl iy

préf@r@ﬁl?‘“emeﬁéis Alrectadgufar |p1h‘§s'i¢vhﬁﬁ is BokRe® WithElopgiRMREL HbeT®
G ound _cont act 215 is gal vanically connected

alqns at%etralgr%tmdt preain ?02@@0 comEpsalss Wil tgisyselhextending
slgppund plane 200 is separated fromthe feed

connection 206 at the ground plane 200 by a third

di st anceA@pyani¢Zopnecios &b, dueferably emn@ns diagenallg gvith respect
o FEIRP NS BEERE B eI ot L4 8 e o
to dheemdiofing tlemérg 209 pit atlocd?iod 214 s ibekasliatiog etementc 2% amal at a

desi i d he f
R A B AL L Wl B 8 0 e
216 apaled growel ;ﬂaedzopl Gteand @éntha@ phé ew fs&g?ilvahncﬂgf @hagoiEdtto the

oS0 of s 5 s B B e 200 TBGRRE Gy g

colRBibn 20Rt M lorduad prhé 2@ tianwlid afistindeDast enna of Fi gs.
2A - 2D include but are not limted to the fal |l ow nghe

bands: CQBNMCoRsiAnGe Weibg prefpyipd erpedimenypSihe mygRHon,
flr@cs%coﬁein@ [RIRE Bistafced DY 1MRAE aﬁd) DB Gfid th3Awreadd the feed Phte3ED4

h are respective Sinplified pictorial, top view

areeaqt@caed kasachigriel d@ere(bmpeém msiching,of dhg feed tgdhe aasfqnaﬁsThéfthlai
dls?a%céJ e’ %Ferfﬁgblg TRAN e, a%ftlvﬁ e gﬁﬁé‘ Dg4 fPREY tddEhif eﬁﬁﬁnt

rative In ccor danc resent 1| nvent
209\3t asleea'uon eoiFgsgendi@pto aﬁ&ﬂp@@lmbsz@tlaﬂh greaipt @am20 Ohm at at

f I jlse 0) '
e 5SRO e EREL B O QAL 00 Sorinng b
not lmitegirtd thesfoBqeiog tarfds oGS MhAMPSo GRE, @DMIP@ PQSOUWSaW(FEMtA
a éj@ ance D21 and has a feed 30 connecti on 306,
r

erably extendi ng diagonally with respect to ground
pl ane 30Referadkce it oW emde [l Eige SAOanMmdeﬁD e&éribhmtemtive

sian?igieg’ %?ctg\r@all,cgpl View la%ﬁttr rlstcgrldl econt sec ? view Mustrations of a

preferred embodiment of an antenna constructed and operative in accordance with the

present invention.

As seen in Figs. 3A, 3B, 3C and 3D, the antenna preferably comprises a
ground plane 300. A capacitive feed plate 304 preferably extends generally parallel to
and is spaced from the ground plane 300 by a first distance D21 and has a feed
connection 306, preferably extending diagonally with respect to ground plane 300 and
to feed plate 304 from a feed contact pad 308 which is electrically insulated from

ground plane 300.
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ground plane 300. 6 WD 2006/ 097918 PCT/ 1L2006/ 000322

A radiating el enent 309 extends generally parallel to

and is spaced fromthe capacitive feed plate 304 by a

WO IWiIst ance D22. The radi ating el enent 309/IL2006/000322

preferably conprises a generally rectangular plate

which is curved at sone of its edges and is forned

with a multidirectional slot 310 having vari ous

di mensi gnmdiativg elbinett 399 dxtendsezsnerally pasallel tond dosnacstirare

g r fe)e

th Zpipeiys oo Bl PP oftond ffor P2 TEE 1R Mismehd 309
prefexdbBnetinipgise aagmmuy yecvangluanr ;ﬂstp mich is ounyedbatrsdmpofi ite edIBo

andfa$ &g{n?egﬁ»& a%'éxfugté 1rec§o a Elg? gg) il %\thli xi/anoﬁg laﬂl?e%gggsg%d ®hich
definec at legud tdd. éorﬁﬁcﬂi\fbeamﬁ,ddleaignﬂgd gdemamﬁytby&@@reamj nwterals ﬁ@l

eﬁond end thereof to the ground plane 300 at a ground
andciddt act pad 315 at a location . 316 on the ground pl ane

300. & QSU@Qv&@@écﬁﬁéct&aﬂﬁéﬁfdrﬁalga;ttM&litlgCﬁhgopala‘,)Owﬁbcﬁsgebt
to the round pl ane_ 300. The | ocati on dé fi] gh ¢
to gjwts@mﬂaqs%ﬁﬁ én%@ocap@%‘@&aﬁdaﬁlaa 39/? dRFINRECtp@l qt Lirst end thereo

to 1‘39 Pl g%n%ﬁ 389 af DB Bi @l’é@a@i@@x@é&exﬁeﬁtm@ Gind at a

I stanc n accordance with a preferred

ceconbeod theme o7the ioupd plaan 0] #héEiOEhEoNaGh pad BLY diaglocation
315GERB &%ﬁ gia?la B0, %g%@&g@ﬁcpgé’d 31@%% ga()ﬂu&?@» caxmécﬁehlﬂ) the

ar ea re sel é&cted to achi eve
grodmtplawowh@mwnraaﬁ @mt\mggromndt Iﬂ%;nef-’@@ ds separeisd fqmy tbp fogd

f Figs. 3A -
conbtfHoR 3pe R BbAd 00Dy Qunitd )Tyt 2282, O TL95
bands: (Ebtcoéﬂ\iﬁ’&, witiPs prefibiva, errmmenl\,ﬂﬁhe YeEBinyartionCbe

s g 9835 BEREE b DAL T e Bl 504

are g%&&t@@fb dchRrvd esited érﬁfﬁeﬁalﬁﬁ%mg dfethe fedd ad gmgntemllae Fgpital
at at i on f her eon,  pr ot h
izl Epe il AP B COA “CI RO AT Lo the
follb®BE tﬁh@g ESHAMPS Gl CBMA), QPG’S SINETS, wafbwm sidDCS.ur e
provi des subst anti al [ y enhance andwi dé 7332st
i mpedandk isniipariicalgr featife of these Pﬂfg?} £ }iggyidt r oy that 2
gal@d‘nfid EhR&¥on! S0t Replofiaad 'b}!ﬁ}eln |t1§ENféceﬂ iﬂét@ ok &md tBO radiating
Reference is now nade to Fig 4C .and 4D,

clempritcI%antea levsiierc 82% é}lef%%nnﬁloi"fqlfégdb?fbc‘t earegifive apgh agalgnic
conggcgloﬁmgﬂ n‘@g ecft e ?e%ﬁ e 96E iHe0@bting AWkt w8k s@hit@Rpréfides

| ment an ant enna constructed and
substortiadlyi manwdabzmdwmih caadwimpedaree paféhléﬁt as well as enhanced

radiating efficiency in the relatively low frequencies.

Reference is now made to Figs. 4A, 4B, 4C and 4D, which are respective
simplified pictorial, top view and first and second sectional view illustrations of one
embodiment of an antenna constructed and operative in accordance with the present
invention.

As seen in Figs. 4A, 4B, 4C and 4D, the antenna preferably comprises a
ground plane 400. A generally .rectangular capacitive feed plate 404 preferably extends
generally parallel to and is spaced from the ground plane 400 by a first distance D31

and has a feed connection 406, preferably extending diagonally with respect to ground
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invention. As seen in Figs. 4A, 4B, 4C and 4D, the
antenna preferably conprises a 30 ground plane 400. A
general ly rectangul ar capacitive feed plate 404
YoePeroamity extends generally parallel to anBCi/H.2006/0060322
spaced fromthe ground plane 400 by a first distance
D31 and has a feed connection 406, preferably

extendi ng diagonally with respect to ground 7 WD

plapp @80 ead 9a geedinie L@édevr@@o@zdz corgpci riad 486 weh isoclpaeplly
ed contact pad 408 which is
msakggﬁroﬁ%a?‘{“rd%glngég?at ed from ground plane 400. A
radi at i n@raeii&tmg plemd QA 08rextendisgegennly parhlel paand ik epacedfrom

o -SR0S Ty VIGRPABL 0 B o

prefnrszﬂ)e cabprises 0 rrmtmgem plateewhmh dulfaxme Ivdthea phir ©f longitudinal
t 410 al o
sios i remt s P Bt <SP S ) BBt etk & iR Ray

exténdaipssiesel y extending slot 411. One or nore gal vanic
connectqrs 412, preferably extepdi al, .|
respect 1 ‘ﬁr%ﬁfﬁoﬁag’laﬁ‘ﬁeco %/ﬁ?toé%g{% %3’6{?}8 q’f‘F"{}@ng é]éaéonarﬁy
witRépéct APgroud! Farer0esl eslcaphcifive Béd pldl 4000fe tdipt@ead attibst
the radiatin (g el enent 409 at |ocations 414 on the

ends dhprepf itg, e apdistingteleart 40RatdpcalignssHd aorihe radiplipg glempegy 409

and ah%ec%'h@ HM tRrédTao AidCer éﬁndclfﬂ'ﬁle QOO APSR 8 Broufd E(ﬂ{@afct pads
15 at | ocations 416 on the ground pl ane

té@maor@dﬂﬁ &8 thepereandplane 08. @@p%wn@&r pags 4kHre eéltva:rucat"d
4
00“‘1%‘8{033% G REnc T e HorlB Pfiop: S BEALA e
400 e reeparated fr4>076thatfe¢d~|eorgtp@wnd40m arike g0Ondplage AP byl a thig
dnstgré ce D33. In accordance with a preferred
odifrent of the present invention, the first,
second amdcctol'damb witls b ardfersedBaibodiDRat afittie m@emﬁrwentm the

oSt W L B 9 52,05 BELD 0

are Bylpétedlo achiztd adsirad) inymdaisce ofatdhivg afrthefeed i@ fhe fangsna. ZDyplcal

4D i ncl yd ut ar limted to. t OfoII
g Bindiely P @icpbiserh, - Raitshal SRR ke
follBR ergDARRI GEBN AMIPS, E}m CDMA -PGH;)UM?TS hﬂCBMﬁe Endzpds by

the provision of a dielectrjc support platform 420

whi ch urfdeerbedimepiofdigh b« Ferhpgiprzqdiy 1Bt Biokfton of &

dlelégac suﬂfb t'p'f’ati%rrﬂ and WhithamdéRed dlaSusforts iR @MBEKH d18Rént ab9.
D that the feed plate 404 at
It |s a partlcular feature of the embodiment of Figs. 4A - 4D that the feed plate 404 at

least partially overlaps portions of at least two conductive arms 422 and 424 defined by
the radiating element 409 and its ground connections 412.

Reference is now made to Figs. 5A, 5B, 5C and 5D, which are respective
simplified pictorial, top view and first and second sectional view illustrations of one
embodiment of an antenna constructed and operative in accordance with the present
invention.

As seen in Figs. 5A, 5B, 5C and 5D, the antenna preferably comprises a
ground plane 500. A capacitive feed plate 504 preferably extends generally parallel to
and is spaced from the ground plane 500 by a first distance D41 and has a feed
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| east partially overlaps portions of at |east two
conductive arns 422 and 424 defined by 25 the
radi ati ng el enent 409 and its ground connections 412.
W& 200619¢881 s now made to Figs. 5A, 5B, 5C an8CED2006/000322
whi ch are respective sinplified pictorial, top view
and first and second sectional viewillustrations of
one enbodi nent of an antenna constructed and
canpentian 506, prefemblycxttading dibgoielly vdtlpresmento groumderiariedi@0 and

LN Figs., 5A, 513 nd 5D, the, ante
e BBERO B o Slioct b wPER R st L R,
gibeetplpleios. 504 pr eferably extends generally parall el
to and fro he ound pl an fir
di st ancel‘%ﬁgg ﬁ‘&%ntera’pog 8@8%%%9?5&1%@@6"%@3?9@3 fs spaced ffom
th@@]ﬁdaﬁ%%@@l@@zﬂm l?}ﬂﬁ%@&)tnﬂ Qistfe6 D! ghe rrﬁﬁ’it F elcment 509

extend| ng di agonal | respect to ground

PrafsERbIY gpinsises %re&taeg@mplw oYhich lﬁé@@leédmha%ﬂommglot 310
al@M(? & laedtﬁl E&rﬁ@ﬁ kel Yol SRMERMRChilAR Wittdh %ﬁ’s@eﬁél?@ﬁtendmg

radi ati ng el enent 509 extends generall
s1ojerl &y I el to and is spaced from 5 the capac:ltlve f eed

g: gtmeen tsoéO va"i’ucS rdﬂﬁt ﬁt‘gféfaggrg%éen;ﬁgm% cﬁg%u?ﬁg) Qg]ix resgect

* tovghouak plase 500 mijtompav;ltaie Ifmdgqlatuéﬁm abnnetted at fist mddhegeﬁ to

th? ?%%Ezﬁbe f?zg{i 3%1 n%déll'h‘gra(?@cfatlorfsgﬁt %rgt%g c%%gwgfegﬁliﬁ?e 3’34ta.rﬂ %t a

nsver se ['vani connec
seBdd, endrthdrenfablthe mm&hpialregS(m agtcgralhddycovuabhperdeﬂﬁeiﬂa lodaﬁon

t d t f eed..pl at 4,
SToee BB PR st QSR foRERRA 15 i Byt sdnEeghio me
grﬁmlcblmeaoe ’El%;rlo@ltloﬂﬂ@ Bﬂthecgﬁolﬁag‘blahg s?ﬂﬁ s@pe]rgated fr?ﬁ&he feed

e a sSecon en er eo (0] e
CogF AL e Eordatens S bR B OdEE Digd 15 ot o
| ocationg éil;&ncpgbl\taﬁiﬁ: EnRsudst ﬁanﬁxcﬁq)Qefex%lw&eénGm lly

pad 515 is galvanically connected to the 8roun
W'S'D tpspephio grodnd plags Heardrropnrstsypdiating Pemens S @ovwhsthe ground
plaRpepated fromthe feed 15 connection 506 at the

ground plane 500 by a third distance D43. A second
gal vani clicissprdance wiippprefgred pmpediment 05 the prgseahiggention, the

firGH %@ﬁ@bdd&’tmrwdisthn[:@s%ﬂéf tD4t2<%mﬂ NG I RhALEs PR 3&5& p[ilate 504

connects radiating el efent 509 with the groun ane
arggpdectedrio aghievedizsitad imipedenge prishiag 0é thedadsbigi the antermp. Typical

raﬁ[itﬁi%e%dé By G ﬁrﬁghnatd}eFlgs. 5A - 5D include but are not limited to the
following bands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS.

A particular feature of the antenna of Figs. SA to 5D that the feed plate
504 provides both capacitive and inductive coupling for feeding the radiating element
509.

It is appreciated by persons skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove. Rather the
scope of the present invention includes both combinations and subcombinations of
various features described hereinabove as well as variations and modifications thereto
which would occur to a person of skill in the art upon reading the above description and

which are not in the prior art.



20 first, second and third distances D41, D42 and D43
and the area of the feed plate 504 are selected to

achi eve desired i npedance matching of the feed to the
antenna. Typical radiating bands of the antenna of

Figs. SA - 5D include but are not limted to the

foll ow ng bands: GSM AMPS, GPS, CDMA, PCS, UMS,

Msand DCS. A particular feature of the antenna of
Igs. BAto 5D that the feed plate 25 504 provides

bot h Ampatenra heyirgdultiptiuradiatieg bands] domprisong: f eedi ng t he
radi at i nglhael enent 509. It is appreciated by persons

ski | 1%%f ?lﬁ% ’art that the present invention is not

|i m tegdeddyplateatxtbading generplly tracillebnd yind Nsing spated from said

Seetd plags bher fishapmRe aBatHaQngt Heedswanectioh dxbdding between

sl%{(ﬁ% later%ﬁ%id%}o 1HGes bot h conbi nati ons and
subconbi nat i ons of vari ous features described

her eiatdbesy epmsra@l@tmg lementi extenstirg gaveralbaippratlat toaad being
spheaddtan sait ifedd plate by asecand diﬁa@epmon of skill in the
art u (l)etnaﬁtroe ga‘i\ganséq %on%gaéfcn% 2 {nlfpsta 'ﬂ lé”)a?gonev\@ %Bn El%ment

not

%?nftff peailp d’PeFP 0\53 1%%%6 rad‘a 33 plemgpt to 34 78 ﬁl}a %ﬁm
Igcation oty s ?ﬁ‘% OgV QF‘I L o £ riy1ne
sgpaated ﬁfoﬂb?ﬁlégqeé COBRYS ﬁ’élb}SIa aJC%i rst di stance and

havi ng; £ ff&edeAANGEL | 'tlﬁﬁi kSR BeinketMesd 18 BicHicle eldsired
mp%&ﬁc %?ﬁréoggapdlfg 4 é‘ﬁqy IOat | east one radiating

enen ene arallel to and being
spacedidf fe@th p*laiedfeiaémQ pidat ldagt ans eediatinglicknwent @f aaledation
®@krelpadingoioearg dhpalahe: suinmatalty gratnahdn HQ Glmi dt at least one
Bagastn@ne radiating element at a first Iocati on on
said at, | east one.radiating, el enent to s
pl anesaig fegd late beingowibetafiali smalley B §# a;s| %ﬁé ong zpdjating
dlement. | ocation on said ground plane being separated
fromsaid feed connection by a third di stance, said
first, second and third di stances being selected to
Zchi eMeantesia adordingeddaioe | nehebinrsgidogrosed plahebab an aperture
fotmddetherein, dnd sxid feedabendotied ierigndsthcbugh shidapertaae
radi ating elenment at a |location corresponding to an
i npedance substantially greater than 50 Chm at at

i.eastA®MRenna having multiple radiating bands comprising:

bt

a ground plane;
a feed plate extending generally parallel to and being spaced from said

ground plane by a first distance and having a feed connection extending between
said feed plate and said ground plane;

at least one radiating element extending generally parallel to and being
spaced from said feed plate by a second distance;

at least one galvanic connector connecting said at least one radiating element
at a first location on said at least one radiating element to said ground plane at a first
location on said ground plane, said first location on said ground plane being
separated from said feed connection by a third distance; and

at least one galvanic connection connecting said at least one radiating
element and said feed plate, there being a capacitive and a galvanic connection
between said feed plate and said at least one radiating element,
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bands, and said feed plate being substantially smaller
than said at |east one radiating elenent. 2. An
antenna according to claim11, wherein said ground

pl ane has an aperture fornmed therein, and said feed
connection extends through said aperture. 3. An
antenna having nultiple radiati ng bands conprising: a

groung; lf AN e%ﬁgl pé%edt ?%g.é NHaidihe t location
WiPhaoned (8Pl St

bt Al b Sy S0 e O 0
e ng between said feed plate and said ground

pl anegajPteciaiate BoMe; Eddtaatiaing seblereMbn exidendeadd one radiating
genssal |y parallel to and being spaced fromsaid feed
Y

ate by a second distance; at |east one gal vanic
connector connecting said at |east one radiating

| ene i ' i :l.east one
£ b anhn bl BARHANNE Bt OnfBlishBES T O
Iocgteigmumdlplaaé;d ground plane, said first location on
sai r.oun | ane hein separ at fro ald fe .
o &gﬁ%ﬁeﬁnp iy pelip HarhEf 18 8 BEhE shRE from said
qpRe Rlape by SEgt Bifanss i Raving 24P sqnneglidy befygen said feed
Platgiand sHE eraundpiaNe: and said feed plate, there being a
capacitie¥® cHedraidRkVaABEntCORBREAS @Rnerly WakilleB 8 Gnd being
| I L SRBdi . iating elenment, 10
S‘g%fgéxﬁtgggq%%ﬁaégﬂeﬁg% FEg sa{?t afalﬁgast one radiating
el ementileaat ore gabeamic comnector caawpatingi sail atdeashonaadigting element
& alfirstentdtiohlon spideattlenst oreadifin®blement wtsaldegretndplene at a first

lbedidn andakbigtbundepland,adafd bt ibeatidas toansdidl dryursivplanerbeing

depaatedFdtn Mid fRAonMtBoh dfliaakird@istagbgMent . 4. An
ant enna_havij n? mul tiple radjiating bands conpri

ing: a
gr ounf@idifeade plate fatelgas) nardalky t QUSHRRRING RAEHAIS 9?.atg1e35t two
qadudtivelarms daficedbly sajd spleeedne redipting elemgptandcbajsl afdeast one
djvamid ¢gonsectdisst ance and having a feed connection

bet et %é%lddplgﬁaegeedfﬂlgaga?d 3 qeasé?ioge gr%&ﬁﬁ&g %ie%%i at a location
corresponding to an impedance substantially greater than 50 Ohm at at least one

band, and

said feed plate being substantially smaller than said at least one radiating
element

5. An antenna according to claim 4, and also comprising a dielectric support
platform underlying said at least one radiating element.

6. An antenna having multiple radiating bands comprising:
a ground plane;

a feed plate extending generally parallel to and being spaced from said
ground plane by a first distance and having a feed connection between said feed
plate and said ground plane;

at least one radiating element extending generally parallel to and being
spaced from said feed plate by a second distance, and

at least one galvanic connector connecting said feed plate at a first location
on said feed plate to said ground plane at a first location on said ground plane, said

11 | °



at |l east one radiating el ement extending generally
parallel to and being spaced fromsaid feed plate by
a second di stance; and at |east one gal vani c connect or
connecting said at |east one radiating element at a
first location on said at | east one radiating el enment
to said ground plane at a first |ocation on said

SRR S R il
5%%@@’ said feed plate at least partially
over | appifing, pecondomsd alirditdidtamsd being selestetliad i achiese ndesired

iffelinRe nititcting of @iid feeaplat@ne radi ating el errent and
said at | east one %glvanlc c;gpectors said f

pl at esaideiegd dpte RIQYiding prlishvoaRd FapasiEve EURIINg hiceging gaid
até@atmmadl@bng elepeali ng to an i npedance substantially

gr eats% #&an lﬁ& g%ﬂ%n% sdd altq { oﬁger Qﬁ{%’ele‘?ﬁﬁt fizd10cation

f eed [
5 G e M o
?§1n14 and also conpr|5|ng a dlelectrlc support

pl at f @idrfdeadsiate Yoenty Swsehnéiblly emallerohen rsaidi #itleasy one radiating
atggmnt. 6. An antenna having multiple radiating bands

conprising: a ground plane; a feed plate extending
generally parallel to and bei ng spaced from said

A" AN RLAD G dRe dof QhinflicSLANERo AehphRieNEt Radtefd galvanic
SRRGST Rt vl 'iqs&iamg Gl sl GUAIL.

enment exte
gener aI Iy par allel to and bel ng spaced from sal d feed

| ale D Seco %éoz;dgnc eaé@d Aliel®3Rt B0 SRNPRAE thira
8@%&6?3?? se ar? aclgwsssired o H%‘ imetghig ﬁgsaﬁ E?ré Pigte-a
first location on said ground pl ane, said 11 O first

| ocati on on said ground. pl ane bei ng, separated from

% ai Ain fegteang gRersdingot pipim 1 tand whegpig: spid deeds plage £oppgises a

epautive adiplatd.r d di st ances being sel ected to achieve
desired inpedance matching of said feed plate,

10. An antenna according to claim 1, and wherein said feed connection extends
from a feed contact pad which is electrically insulated from said ground plane.

11. An antenna according to claim 1, and wherein said at least one radiating element
is formed with at least one slot.

12. An antenna according to claim 1, and wherein said at least one galvanic
connector extends from a ground contact pad which is galvanically connected to said
ground plane.

13. An antenna according to claim 4, and wherein said first, second and third
distances are selected to achieve desired impedance matching of said feed plate.

14. An antenna according to claim 6, and wherein said first, second and third
distances are selected to achieve desired impedance matching of said feed plate.

12



said feed plate providing inductive and capacitive
coupling for feeding said at |east one radiating
el enents, said feed plate feeding said at | east one
radi ating elenment at a |ocation corresponding to an
i npedance substantially greater than 50 Chm at at
| east one band, and said feed plate being
ubstantially snaller ' 1 e b
13 oprenpa akeSiiie B bl 3l WitroheRR! ARACHRGH NG o

QﬂﬁﬂﬁW%ﬁﬂbmﬁF'least one gal vanic connector connecting
said at |east one radiating elenent to said ground

pl ane. 8. An antenna accordin o cl ai. and. wher ej
16aj Anfantepna agerding Qnelaith Py Gncp, W&i;i: gaégqu?dec%rgﬁggqr{eg*@nds
from a féwidepntagersd-weich irlermieally it hoRsaidgrauiRigne:
plate. 9. An antenna according to claim1l1, and wherein
said feed plate conprises a capacitjive feed pl ate.

170 . AnMmtembencadimgdochim G, el wherein said af hepstpnstadigtingslgment
i§ aethed ovithet léastorexdl@nds from a feed contact pad which
is electrically insulated fromsaid ground plane. 11.

An antenna according to claim1l, and wherein said at
1geastn eReniAdiirding ol la@nt3, and Wikreindsaid tah leest loma sgalvanic
BNfectdrUxtend? frofla RRSRENAarRCRAL01 Pl Whick liggatvanicallycbonnected

NmdHidhedt | €ast one galvanic connector extends
¢ r%%%lg gr?ung contact pad which is galvanically

connected to said ground plane. 13. An antenna

ccqrdj to claj. 3 el Ry i
@nd%@%m;%ﬁ@n@%éo P 5 RSB (i L ploR b fiscs o
GapMAY d gt hi ng of said feed plate. 14. An antenna
according to claim6, and wherein said first, second
and third distances are selected to hi eye desj.

30 ABHEETREACEPIRE 1Y Slaitn 4 @gi,av F%E aidy ?é °‘.t€l?es° b detends
faom erferd contast Bachyhich iz elsrtreally insulatgd fomi sidgiogng plage-

pl ate conprises a capacitive feed plate. 16. An

antenna according to claim3, and wherein said feed
Zlonhe ettt asxondingsto dlaimm, and adeareinsnidatleash angydiatng glement
e featedivaied atyedshemd floeed from said ground plane. 17. An
antenna according to claim 3, and wherein said at

| east one radiating el enment .
22. An antenna according to claim 4, and wherein said at least one galvan.lc
connector extends from a ground contact pad which is galvanically connected to said

ground plane.

23. An antenna according to claim 6, and wherein said feed plate comprises a
capacitive feed plate.

24. An antenna according to claim 6, and wherein said feed connection extends
from a feed contact pad which is electrically insulated from said ground plane.

25. An antenna according to claim 6, and wherein said at least one radiating element
is formed with at least one slot.
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is formed with at | east one slot. 18. An antenna
according to claim3, and wherein said at |east one
gal vanic connector extends froma ground pl ane
contact pad which is galvanically connected to said
ground plane. 19. An antenna according to claim4, and
wherein said feed plate conprises a capacitive feed

2‘%hat G afion dA‘Q c%? dlﬁg N3 &51?19 lsding Jvﬁ’e(i@ihaéa'iﬁ %t l@iﬂfj one galvanic
CSBPﬁ CXE"ESS &B{ncah e e?(gcjfw? ?g(gﬁl% g é@edglf rogdr%n st%dl tg said

At ane. 21. An ant enna accordlng to claim4, and
mhereln said at |east one radiating element is forned
with at |east one slot. 22. An antenna according to
claim4, and wherein said at | east one gal vanic
connector extends froma ground contact pad which is
gal vanically connected to said ground plane. 23. An
antenna according to claim®6, and wherein said feed
pl ate conprises a capacitive feed plate. 24. An
antenna according to claim®6, and wherein said feed
connection extends froma feed contact pad which is
electrically insulated fromsaid ground plane. 25. An
antenna according to claim®6, and wherein said at
| east one radiating elenment is formed with at |east
one slot. 13 Q 26. An antenna according to claim6®,
and wherein said at | east one gal vanic connector
extends froma ground contact pad which is
gal vanically connected to said ground plane. 14
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