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WO 2004/ 086561 PCT/ GB2004/ 001109 1 A
Dl ELECTRI CALLY- LOADED ANTENNA Thi s i nvention rel ates

W 000a/0865¢1 ectri cal | y-1 oaded antenna for oper at PORYGB2004/001109

frequencies in excess of 200MHz, and in particular to
a loop antenna having a plurality of resonant 5
frequencies within a band of operation. A
di el ectrically-1oaded | oop antenna is disclosed in
British Patent Application No. 2309592A. Whilst this
ant enna has advant ageous properties_in terns 3L

unt ed,

i sol ation frofDHIECTRIEAY 3/OAREIMANTENN

its radiation pattern, and specific absorption ratio

10, ((SAR), performanceg when used. an, for dnstance, S
Fhisiineeitiehaphisndo ol BeetrgulyAgdrddintea R POt gl lyegpgrcies in
&c%g% %P SoSARE! adﬁ g{ \AP%&%P{O 8 I8P arBiRMmAg Hplurdlity RESesonant

Insufficrent th for many applications.
fiepicaicied vithwabaidofomperdienachi eved by splitting the
radi ating el enments of the antenna into portions having
different electrical lengths. For exanple, as

A afal&&ﬂsmynoelareatlbﬁplaﬁmfmﬁs Appldseditin Mrithih. PA8R1 Apligation No.
i ndi vi 15 helical radiafi ; ;
SO B PR S o
siehsituattré ah hwhighaitas elnted gt ratiatign ohderanand m@ﬁi@@bwptlon ratio
géAﬂg g%r%r c? Wbk lu?&isoﬁ FoinktaRéd, RnoiRNEIGh&He dlbdekionBe user’s
pposed radi ating el eneits, In another variation, . .
bt | ibsuiders ran the genermaproblemop| ol PIRNG, thatat hgs gpsuilicient
%Q&ivﬁid’ggfo? nf@l lap hcaﬁbﬁ]ﬁ?{pﬁo\%ﬂ%ﬁh@@icﬁl@ esh tyadhived &Y kplitting the
opposed .gr oups el enents, each .group,.havi .nal
SR e SnHE B ST B SRR BB et For
iefaarhple,l fo rcgs_cgse@_:’:inaBﬂiﬁﬂh Pa@nk%pbﬁv&timg Nof 282 B#S Awithie idividual
o.vkel d. .differi ectyi ths. S :
SRl ERUID e 6P R b SR, ity s
mbmm‘xauy qpapelightrediating eicmenis\connegjed at diffesgnigogitions to a linking
%W&tlﬂﬂi% %’dﬁ)ﬁ&%@&@iﬁﬁﬁ@@ﬂ@ﬁl@ﬁﬂsf e hfither vaRbRbE disaRPeBin British
of r i ch,

esonanct occur_at, different frequenci.es
Wiatent ApalipatigniNe @35b%i M dhe gﬁglpé}eﬁsﬁ_etl%eqtﬁ ategeplaced by laterally
QBh&RH PbupsE elomeaty tah drouPhoNhdle pair bbtddxesnsive mutually adjacent

t in, bandw dth Al di t 0.t hi. . .
e oy P LB P Wi i o i
|dotserinntlectnisall lengthepdihasd variaipns vedbeines of B dEsledsigally-loaded
g%/}sie%gllg%}% ’a%%ﬁﬁgé bdix 'aﬁ*gang:{keﬁ krgféhgé Sﬁbgei?/d\a{iiﬂﬁl%ya&ihﬁg oBfheir different

material” having a relative dielectric .
conpled modgs exftresonaheswhicha opa it dilfersaicfipgiencig gvidin a required
3RLEDR e@%tggpnt structure di sposed on or adjacent the
outer surface of the core, the material of the core
occupying the major part of the volune defined by the
qOTs@n @b cRf oSthE ideationvasrevide b fiertlan iimprovemestiemandwidth.
structure conprises a pair of laterally opposed
groups of conductive el ongate el enents, each %roup
chovprdisg by this ieentsh, dme seponifed wbdicleatrically-joaded loop antenna for

gq?ag?éa{tirgﬁ idg?’f?eq%leﬁﬁ&afneeﬂe%f‘ beoMIC RoABMSInG | dnf GE@AEally insulative
core of a solid material having a relative dielectric constant greater than 5, a feed
connection, and an antenna element structure disposed on or adjacent the outer surface
of the core, the material of the core occupying the major part of the volume defined by
the core outer surface, wherein the antenna element structure comprises a pair of
Jaterally opposed groups of conductive elongate elements, each group comprising first
and second substantially coextensive elongate elements which have different electrical
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WO 2004/ 086561 PCT/ GB2004/ 001109 2 lengths at a
frequency within an operating frequency band of the

wa@piens@eand are coupl ed together at respectiREr/GBe®Y/001109

ends at a location in the region of the feed
connection and at respective second ends at a | ocation

spaced fromthe feed connectidn, the antenna el enent
b SOpBtidg | fidikbity BAMJYE Y antenna and are
rf [ n%fghfgédlglgﬁ%’rwgtﬁﬁgngs pof lt% e?ll rﬁ and anennath feed
épbﬂﬁ‘&ttégféh@n%f%w%“ft“@n Ish re(S‘E}fo 4 hOEHED slélcg’ﬁdre@hod]s of fthe e

tcbﬁnecﬁbﬁ shd andseet anstcohd amistas a ddcatibtue sytche frogr e feed connection,

V\g 6\¥1a Ii]e f] r t ol %ﬁ[&]t X Of gal nggé&lgi‘&?ﬁgﬁ ﬂf]ﬁh%thdﬁ second

@Inémfﬂhs fodt ah& eectcmd el@g@t@@emmtmfpmetgr@mp withdleyspgond ends of the
(#%?tpa?r% £OBEY Gl ?xi@@f the &H&h%ﬂopﬁ whileby %éjﬁpﬁtellb?né?ﬁé/ 8f the two

fere respective resonan uengl es Wt

sm@stfam parn @f eduBt lerpashepndpeiiet fhsetece ﬁ‘é@f’mé (of the two
O\I da€rokh ek e & ABELHA! Bbpe@Bshdubgre pabiksioh ﬂhhiﬁ‘th‘e%ﬂi paths have

nection, .wherein east ongat e
ﬂfde&e&%ﬁeéowﬁﬁfﬁ%eé‘gleaW&'g‘f{ui?&sf‘\‘?% A7 Rt trom the
rfeé& mheéticﬁl to ehiagleﬂqng oaidudtoatand thkinfHaek ¢mthevfiagd carmection, wherein
entlon oVl
L A
amm@wuﬂhtaks$rlp on the outer surface of the core,
whi ch strip has opposi ng edges of different |engths.
Preferably, the edge of the strip which is furthest
flraoked Bea ggffﬁentew@hélaq BIVERERePIOVIgeS 2R PRIsER L Wﬁiuq%tag least one of

GhOSRd 'e{imk@c@ Gffenhd) élﬁx‘deh@ c@ﬁ‘t@ﬁsm @dndusmm&aﬁp bﬁtthfouter surface of
er e nts t the first
étﬂ%l C%scwﬁanﬁ é‘i”é’ﬂ'@étogpcéﬁnégﬁ% %‘ih%fg ggg%gp may have

edges of different lengths, e.g., in that each such

% btly Vfﬁé %Egehg'is th%nstlgﬂ %ééhofsrﬁ%ﬂﬂﬁs@ rﬁ'onﬁ WE5NRS Eloﬁiﬂ@ element or

conf e out er.nos
aiigaents nh @tﬁ @‘ﬁun hakongen ghannihe redeel pehielt iy Rearer irepiticr glyment or

%i'&ﬁelﬁé f frﬁ@ﬁd‘ &88) 1h8 fﬁﬁ%d' s@élgfdrblé'[@ﬁtebéierﬁ&ﬁta o @&bhbgtoup may have

cedges o ipisus R oy ot BT P60 T STGHIgres dn'edge forming an

sdtshRBt Edblel of thdrgrotdl @odiguréd axchaﬂatahe ogtekmogtddge is longer than
of, the antenna being a twi sted | oop

in the ca
&H?Eﬁ’ﬁhedgﬁ(’?ﬁh %%ﬁmgr oup of el ements executing a half

turn around the central axis of a cylindrical

délﬁ:&le(ﬁffélje ce%qﬁ %d%% Eﬁigﬁfﬁi V\g LE 8L oBRirel Y ﬁhnﬁ%c&cﬁla%&@tﬁ element so

a strict "30 hell cal L‘
b @ e edetrcpliewsa vy 106 wsadepRit priAIoBs SR the whole of

f ik OM{aRRe RnbiC I TIR! incBb caRe@ifhd :ﬁltélmalbﬁufgm ®visted loop antenna, with
castel |l ate or snmoot h Eattﬁ%lgIt for

b e e LSRR RSP h Eh P AR LG SERsfl @i Af 2 ovlindical

gfIl@lEté)trl@fcoQJ ﬁ[ﬁilliﬁl&a]f piﬁlomoﬁeqmﬁ diemerttihak onaedgswhichrfolléns a strict
tri e e r [ ges: .
el 8 gl? lst gtg F)%%l dI%% rﬁ& S%tﬁ %?Jéhn B%atggh%ﬂqeﬂ“ Sftict helical

opratiujn mmmogh@mtsuaé@i «omooﬂhpattsm el crxampéq h of the

group at any given position is substantially the sane.

I ndeed, the outernost edges
Advantageously, where bo% outermost gﬁ%es o? each group of elements follow a path

which varies from the strict helix, the variations are equal for both edges at any given
position along the length of the group of elements so that the overall width of the group
at any given position is substantially the same. Indeed, the outermost edges may be
formed so as to be parallel along at least a major part of the length of the group of

elements.
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formed so as to be parallel along at | east a mgjor
part of the length of the group of elenents. WD

wWQOM0836661 PCT/ GB2004/ 001109 3 Such struct uP€EGBa0a/001109

advant age of the discovery by the applicant that
grouped and substantially coextensive radiating

el ements of different electrical |engths have
fundanment al nodes of resonance correspondi ng not only

5o AL Lo 5 S UL ED 6l G5 P9 Bd n

@Qlﬁdmrnﬁllyomexte%eﬁfer cidieging, elehents efcdiffgrat pelegirical lengths have

nt has t
3&?@5};&? des g a%ﬁ@e{]?‘,éﬁl‘geslg%fn&iﬁg)%? %ﬁh’efoemeéxfﬁhg \Jédhgl elements
fwlnciamclalse méleaf but ealsn aereespording ¢o dheglemopts #na cgpbination.
tp[b%ﬁkﬁﬁ%b Swhéﬁ@ Qﬁdﬁeéro{qy Bel él@ﬁl%ﬁﬂs Ha® ﬁ%‘ &E&&nﬁﬁﬁ}@%e&t@@we mutually

t he tracks,

and t
rdiseprintlengps e%iiwétnéoe FREHS. HECC BT < {:L@d%‘ ctply ﬁ?n Yesonance
ESRICRIQRNLEH dne 6ﬂ1ﬁ1etﬁfmk§ r aokser tfﬁgﬁﬁﬁml reSdmande esyueiaeyd with the

M fi‘hl / dlf ; es B ﬁéur‘llc%xénqn?al g?%s Eﬁgfea&sg&lﬁgd Wnihhthe composite

el eanazin trSpredelnteddgzr ﬂhe ¢wb drackbiogetayt hbe [Eneguqnqg of @lagethird resonance

fc?.lg %uenc yﬁxﬁft {lﬁg ?}kﬁﬂ%ﬁ gg%ltaeg@g Q%%{}eﬁ%bﬁs of Q«ggreg of the elements. In

diafticatasn by yiengthening the gw@ateégeSd@@?@etWe ﬁ%ﬁmenf% @f each group, the
RPN off tﬁ@ﬂﬁﬁ%éﬁﬁn&%ﬁ@e%ﬂt@ﬁd\&ﬂf&eﬁﬂ[}e ahd € ¥ igeatdr degree, than

tracks.” 1t wll be a r
e SR BRGNP LSO VD HH I BB P P dgpreciated
ttRerthtee, Othlg rthe ftgisd Migqtiericy esfursmianse San tblealbroaght tlhseetw the other

ouélﬁl{elﬁ %% %%glgg §C%]ﬁ1ﬁ{ glggﬂr e cmg:ﬁe tc%gglgr 9({ Eorrfﬁhé" G8&: band of reduced

dhevgerimss thiabedn pe drievrdtwidn therahaus-degcribecaptior grbpntgnnas, at least
%%g%i%e@%%%{éﬁ@e %@ i. é' hr?thls bakel fHeShatAREd nlddes l@@'r@sﬂﬁﬁﬂ:e in the

resonan preferred antenna). 20 An
aﬁ@@ﬁﬁéa@@nwﬁscrlbed above havi ng groups of laterally
opposed el ongate antenna elenents with each group

o eBitp 55 GRBBRPIRE o Rt HE SR By, oneeSi B ugate antenna

telh@n@it@ n@tihteacle e hheing twe antiugilyi adj deemtesuckielefsntsnis one preferred
cteic n d

s L T LS e

alifferent elpetrichh leagths| andr defiriev etwresb dheme it Paralie rsiggdo ghynnel, cach

O{Ierﬁelﬁ@ﬁ%l 23R 50084 8LRFEIeS has three el ongate

enents rranged side-by-side. In this case, each
group conprises an inner elenment and two outer

el e RltSmaftve eibabiment,t fehogrouwprad] slotfiate ahtednae dippsentsf has three
i Cped . S TR R AU GRS e
tadehbig andrtvespuoerdélergentnnSrefedblys | thmmwﬂq@ dﬁeféed edges of the two
eétﬁgfe\{rf&%l%rﬁs Bf"éa%hl e+ drd ‘ﬁf@an?@?@@or cPc[lstf\ﬁﬁ@(%hyed RtdekR&Stom a path

ter rren S each grou
cieayalied Tm@ae(ggpfréqipogg@g inner edges, and the inner element 1s parallel-sided. More

preferably, at least one of the outer elements of each group has a deviating outer edge
and a deviating inner edge, the amplitude of the outer edge deviation being greater than

the amplitude of the inner edge deviation.

Using groups of two elements with non-parallel edges it is possible to achieve a
fractional bandwidth in excess of 3% at an insertion loss of -6dB. Embodiments with
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and a deviating inner edge, the anplitude of the outer
edge devi ation being greater than the anplitude of

wao b@4iosaser edge devi ation. 35 Using groups of PE@DGB2004/001109

el ements with non-parallel edges it is possible to

achieve a fractional bandw dt;h in excess of 3% at an
insertion |oss of -6dB. Enbodinents with WO ]
2004 bP 86 &leRehts G2 GRspOsHiet (Brthet Handwidltip gaims,rie terms of fractional
|l e S r .grou ffer further bandw dth gains, in

ﬁ@?‘ﬂ@%’f”ﬁ%&égﬁe&%gs%andw dth and/or insertion |oss.

The antennas descri bed above have particul ar

LSS A ) Sy U oy dvisn
dapler pRutionef the AN T-2000 3(H esrivs jand fragmi hangds &91g; Hz and
apphJ1 9goNIeIZRt TREY é%biléoebe;%gj@ tCathkomobiad camsusfati@sbands such

t he ba 710- RPCS

61 MDA 4T SR Dith T ARO B S0 1060 H2) and the

(24834018 43QWband (2401-PHeOMElzent i on wil | now be descri bed

wWth reference to the drawings in which: Figure 1 is a

perspective view of a dielectrically-|oaded antenna

e iimentivn Wik newdiel descrihep sdddefranep do the dsayinggin which:-

radi ati ng el ongate elenments; 15 Figure 2 is a diagram

illustrating three fundanmeptal ,éﬁ&ona ces  obt ai ned laterall

fhigire tlhis 2 RTERASHAC StevrPhadaclactically-lopdad apicnpp; Rings two laterally

tpBbded desUpsAI helical FidiingSlohpate 3Bnasnts; 3C ar e

respectively a plan view of an antenna in accordance

with the invention, a side view of such an antenna,

dhighra 2' tnakdiagiaewilbfstratieg tybé Medaoeeintal 26sonandeacebtaned from the

th t : vatbdgure 4 is a

SR E e 1 0 A b o A g

resonances obtained with the antenna of Figures 3A to

ﬁu&é}g& BB ranW 3N a@Nesgedii¢dy b PlarPliethss dn sRédnddh iadtirdance with
5 Figures 5A to.5C are, res ectlvehy,‘ggl ﬁﬁla, .Si d(%, andl. drical

T dRenter g SigF Vievs oE SHE! ah PRI 309 % BB danty it cYlindrica

tshefadevrant iBunatigfoembd tsa plang;her di agram similar to

part of Figure 2 showing the derivation of resonances

of the antenna of Figures 5A to 5C, and 30 Figure 7 is

Figiraghis antiagramisirgilatie thas o6 Migvees, shieidtg reggnapees obtained with the

st ebsdra Hd}isFakighH €s

S B Ao el i A In R AL Ui

construction simlar to that shown in British 35

Rag@ed 5 ARPIsiccat, 1eshevely, 3PB 5104, dnds nakanicennd askemenintenna in

structure copprising a pair of laterally opposed

FCEUPRCE TR ,trﬂ?’ BYSBNB% el ongat e radi ating ant enna

el enent s 10AB,

Figure 6 is another diagram similar to part of Figure 2 showing the derivation of

resonances of the antenna of Figures 5A to 5C; and

Figure 7 is a graph indicating the resonances which may be obtained with an antenna of
the kind shown in Figures 5A to 5C.

Referring to Figure 1, an antenna of a construction similar to that shown in British
Patent Application No. 2351850A has an antenna element structure comprising a pair
of laterally opposed groups 10AB, 10CD of elongate radiating antenna elements 10AB,
10CD. The term “radiating” is used in this specification to describe antenna elements

which, when the antenna is connected to a source of radio frequency energy, radiate
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10CD. The term"radiating” is used in this
specification to describe antenna el enents which,

WO/ 08d3e1 ant enna i s connected to a source of PEHGB2004/001109

frequency energy, radiate WD 2004/ 086561

PCT/ GB2004/ 001109 5 energy into the space around the
antenna. It will be understood that, in the context of
afe@ptiatortae spuce raemeidvthe gnteat. olt fwib deamdyrssiognthhts in theecontext of

S bR B b Bl e PR s
tebernéngs which gounle snergy fnometha Apasa rsarrqnmdnf&@s iaRgnn@toghe conductors
?Odéﬁ%nna%oﬁ%@&ln%[@é‘féc&fveﬁl ements conprises, in this

'oF

enb extensive, nutually adjacent and
generally paral | el el ongate antenna el enments 10A, 10B,
Taeh Ok Whictdinendd eolbSRas &d tip enttdanér) twy |doatensivd, mutually

T G e BB Bl B oc 100 it
cod dispoded ghetht @otelr Imahncﬁl,cat swpiecalof yn 36tepna torehi2ymede of a ceramic
rgge?lecfccﬁcr: ?na]}&larl] %?wﬁ? aﬂ)ﬁjeﬁ 1v@ a?e%%%ﬁ: %0 st gre@{ér WIYRES, typically 36 or

ous|I ng an axl a
igter. flbedere BobwsLast onal 18s6? 16 ovitioen pyenmgfalieinipgcthe passage

']]Qf’]llié]lgﬂﬂtgg&e tal)?lglr:-‘ ﬁhfg,]rr] ﬁgeade%— E@ndu@ﬂ)@ r16c§aiﬂﬂiﬂlﬁﬂ&i b}t dié(éctrh;emsulatmg
er ure
RGBS T L1 g CTRCE Ho Bt £161 B JAEEHE G o (iigal feeder
fsﬁ@l@tuilezﬁ)hibﬂl pd@@s a1y theoughehe 6013812afr0maa( idittal end face 12D of the
transm ssi on ne .l
(e Bvnges 212 ORpa B Ll f R onf RRsv ! PATrE5 2P of the
aore £3.pdhe angnuadeakenedtewtne mch@Rconqs@Mmg outel qlapmts 10AR,
T QpTEd 0Bk ‘f@gﬁ%llrré/c?ag 5&19*5&1\@'%&&1@?01? thel ﬁétaﬁaﬂ He€ ©13 8bhnecting

connéct el enent s

tch@alf@@a@? thyt ¢lewents d 0ATRE 08 rigadesd %MWﬁg T?@lﬁéﬁﬁesradlaﬂng
1nds 1@ tclomli Recibdigg r tear rc@ﬁ@@fcbﬂdﬁhg rr@cﬂala|portlons are of

e S e RSP T A TR KA v o

2@;eaitmguft hattuen habhd thﬂsrwnsacrfcthm dortHa. &ecls gofuptdfelanmangs comprises
ﬁﬁrsg &1 g ?HR@ e gak thcaﬁﬁpéf Eez*f)ﬁil e?en]ién'i ??%ellwta different

a secon
awiditf. f Sheset dlffwem:w mTWélﬂe caysef differsness linnelwtt;t:aﬂ lengikse due to the

gﬁlggl%h@eaq&%wvabagﬁ &1bﬁ§{he cRAgRs, due to the

erences I n wave velocity along the el enents. 25 To
form conpl ete conductive | oops, each antenna el enent
ARG dofakpléts cORMRETE €sbpkOeach Atefmdr12fih0f 0.4 t€ ddiinconnected to

e R X RN
cafr euri(ﬁmdmgaa [provkdmab rdd qrooiiorf of theh eoreel?eﬁem Enlg @ndustor for the
]quner;@qp tﬁel\()?) ZQPE Steeld 20 44, 'iia tgﬁlneon gdatB th ﬁnlng of the axial

assag@p ucti ve [ ati ngz
cmsme 14 by conduction platingont wmﬁénéé@f@ 1P Ofﬁlha§°rea1 Thus, a

3ksf Bé@tdeik@& S5ERees LRPGEabiNG bp@remem‘ 00 ARd 10»& rim 20U, and

et i aand ABN: 468 batied Tinateey eI K s formed by

f @¢meds BYBR, 10B, the rim 20U, and elements 10D and 10DR. Each loop extends
from one conductor of the feeder structure around the core to the other conductor of the
feeder structure. The resonant frequency if one loop is slightly different from that of
the other.

At any given transverse cross-section through the antenna, the first and second antenna

elements of the first group 10AB are substantially diametrically opposed to the
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el enents 10BR, 10B, the rim 20U, and el enents 10D and
10DR. Each | oop extends from one conductor of the

wo emdiosesst ruct ure around the core to the ot herPCT/GB2004/001109

conductor of the feeder structure. The resonant

frequency if one loop is sli gtgly different fromthat

of 35 the other. At any given transverse

ChasSpontilg fast atnldrsectgid dldreerrs) trespaetjvelih ef thersstorahgroup 10C. It will

ibggtgolt:t] dc% néler m%‘lcoaerfag{}?x Bt l%t)rt otﬁ%eéﬂeg&ttmg %Wgoﬁﬁ@ the axis of
206 4068 6156 m@@sm@;mf crbq 11@@ca16 pewions P opashngodueye loop are
%ggro%ﬁa ﬁtﬁﬂ&%e}laﬁ@%&ﬁ&? kaeghd endf ﬂiertﬂari‘te&e%gj Ra8hcluding

ng to
gy exisal ﬂ’éﬁP@sb?nt‘?‘ deltenalii Shoaﬁwbegl?%%ﬂn@a‘i e Clipfggutial spacing,
t1|%et1feo§pﬁcﬂa§ arblifd the lcste, botikenfthd h&gh]lﬁhirmglelepmértts; ofisadhf group is

are 0Xi|
SRR TSRS ESRE oS BRBHISNA il ot B8 AR cch ot
nhmiﬂﬂymgtﬁﬂkhﬂmnmnslmﬁ tHe core 12. Addltlonally it
shoul d be noted that the circunferential spacing,
i.e. the spacing around the core, between the
rdieglopduativa gleeve R erversor proaimal goBing afdhe antenaqesm 13, figrounding

REL WeRRr bhGctRe08PIhe Hatkdial OF @EREdE A @B@kahm@& @eewhole of the
closer to each of he%%@é\aatg%t hey .are.to

spese hebeen GrerHEeYsy g dmite b s Gl paisige 14. The
oabiteionpof thoRrleale t20e aﬁhtpﬂa{tn@ foms 4 Zhalwursoothatlisigpals in the

the feed '
e T A S QBT A STSGBEES htvn
tumbalshesl gat2 (it almalpmanaieetrdl ¢ff thelanirnng and atbeéarmd airate at an axial
Bﬁ) ?i%g%bgrée thyﬁganb %? Lg%t:f ﬂi}e@btﬁ mhé El@@@éezh()z Or@adhieve this effect,

@ﬁ*g or s signals in
tthawsiat lsagB ot e deds #Sn%’&h ty indhg piseroce 6f %Bﬂﬁﬂéﬂf&gscore material

%’ﬁe&ﬁ@é’l? %ﬁgﬁﬁdl@%&%%nﬁﬁnﬂﬁletﬁ&hﬁi l@déocﬁldel&tﬁéﬁ l&gti Bﬁabout A4 or
t he ant.enna bal aréce tate at

Rof n B sBPiioh Pty (TR0 e S iho SRS St HEgOR of the
aintdnie hat edviesi@tenihy edichi, eheeartninias spaideemrrpundihg tleexinagr conductor

I1(se nﬁ&gl %{nht Qe 1§Juﬁ3§ﬂ1§a¢héle§fffchm %?1}116 ha{)m h aﬁ§ﬂ9 Céndlf dielectric

onoastemt thede@f@n strenture 18kstelly efihe, al§e\é?rh3él pﬁuege&mcal length. Asa
ﬁgf h aﬁaﬁioﬂ& A Q. oOfel Bedeh estﬂ@t%f@'lg nge bt %ﬂb’t%ﬁa‘x‘ommately

el in oo b oot 20rie Qi for et 4 1egsgin of the
Sijfeféﬁlﬂ@d}dqgeﬁdye)f ithen@iter@RN tHeqird0U of the kleevt 20 tsfef&mtwely isolated
S e S RN BB 4, i
dhstt atirgntofcirthletisgd detvecchathe aardérmat elemems r1@%ltol EHgtare confined
b?ca? ?@%&%he ShdRd! ST 1als1deDe s SRl as %Hqso‘?i‘urfgr{ é)f \%Eé}‘faﬂhe antenna

truc aré ‘at |'east approxi mat el bal"an

flﬁlfftsﬁé?ntélﬁﬂbﬁlﬁn@fim% sleeve 20 is that f or

frequencies in the region of the 25 operating

frequency of the antenna, the rim 20U of t I 20

S Tt and Sscopi apin elirinel GeB e JiABs iR formed

khavlrigedlﬁbﬁeﬁf eleafiehl dérpthsodt atdieenf feephencys treuwndo@ive Thops formed by
HRme Psat ave eift! eﬁecclﬂji { hg.e tAVéﬁaeI%SLtﬂE P MEMATesonates at

e Hegssy I ne

are con
two different resonant frequencies, the actual frequencies depending, in this case, on the

widths of the elements. As Figure 1 shows, the generally parallel elements of each
group extend from the region of the feed connection on the distal end face of the core to
the rim 20U of the balun sleeve 20, thus defining an inter-element channel 11AB,
11CD, or slit, between the elements of each group.
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substantially to the rimpart. The sleeve thus acts as
an isolating trap when the antenna is resonant in a

whadoansesel node. 30 Since the first and second BCE/6B24/001109

el enents of each group 10AB, 10CD are formed having
different electrical lengths gt a given frequency, the
conductive | oops formed by the elenments also have
dlfferent el ectrical lengths. As a result, the antenna

;@? f‘tthet défe T %lﬂﬁné&s o4 }uefvé eéil%ﬁ@ﬁt‘leﬁslsotaHSn of the

uéhci es pen IS case, .
\npniduq:gvgfpat drerh ame rangthepgt %fﬁépqpt]é/ﬁ 5g\@namh§equenc1es This is

gle%é?i Wfo% th@ U%a%'n@l hﬁalpéle&ﬁ@dl 1er@ﬂpymexamdz fW@F8 1 is an

regi-on nn t h I
Pdddnigges %fé% “pgretanalF 0] ST 7T Esgees of the
20nduidisss 108ftb rlonq)o@ndm s clelnasent ABD an@y ard ABB)/2 ddn)/2. Ata

g@f@g}mﬁ@ggfﬁqyﬁf zcgd.h? amﬁgggifso?g{f ?.@I&Jl{l% RAYE- 1%¥@up over the

chtiren &ngthaoé the resogad loop.awhiheoguad L}@b,teamf, gq)ltqgg obeing gesent at
I(f%%a%lggi g@e%ltj ?ﬁe‘ rﬁlts%?telaéh W?%agiﬂgl ﬁ@ofnhtﬁé r@élOItlJ]Sf the ends of the

e 1 esonan equenci es. is 1s . achieved
faotontin glemtratsc GBI oge At e JPDEI 6 EFPRERE FsnGUFTRe Tomdts which
G Phn? oY‘ﬁFerr%nflreéoiaﬁ‘ﬁg ho dﬂa islagddrom the adjdcestiresonating elements,

therefore, .th I
égggseqa@ ‘{q%‘@geesce e‘[& %}dg ng%ﬁ]—?ﬁ(ég%rg d:geane%fts {eﬁfﬂ% $n zero current
ﬂtﬁﬂn@Vﬁenlﬂae /éﬁler kindiotiae paml is aesgh2ntothenithe. loplp imlikewise isolated

Nt Lreay rl‘ccf OIf‘o QIE}SHI%IIS hfc tﬁgqgéiﬁltahvﬁ‘e 1931@)3 ofaone of the
gkt ?/%3 et

roeﬁdmm ﬂaﬁmpsaxomwn @qmﬂ m\ﬁéﬂﬁl@éh élﬂm\ltlail@e%@ky Wéh ﬁf@latlon “from the

Q}Lﬁé ﬁ)@fh at folfo%%ét %P&aﬁ%@‘ﬁ%ﬁ& dishgctabénaides arcdthdyed at different

. e. regl S, Ol t
ém%lﬁlﬁf‘aeseql@ﬁ@ ﬁh%facméhe?’&h I%thl??éplﬂé%ﬁ%“dlugwee%ag% 8??1}? ther only
r{ﬁﬁlﬁﬁ‘[‘l wifién ﬂ'ieftﬂmlﬁat\/if%dhhncl‘:a‘ dhdl“élﬁhatr tw@br tloee mutually 1solated low
on-r.esona are ated fromthe adjacent
PBWSHCE R %QP%H%HF‘imD%? 8 “Qdual vol tages at either

ends of the non-resonant el enents result in zero

Clé& rﬁ%ﬁ{l s tlﬁ%bﬂ:@ﬁ a]g]ﬁ)c%ﬁ]%l{ I%%QH%&W&%PRHQ Qntbﬁna elements 10A,

00p IS ew se | sQ

KB amsh 0@ 101y réspeqiivelye and, ey ielpgivelysmalle C?l?fég%]élm e sleeve 20.
f%ﬁgl{?c)ﬁopga@ﬁn&aﬁﬁelt e ﬂeﬁgﬁﬁﬁﬂﬂfé bN@n@labm is located between the

pULEE T e T (R

| east two quite distinct resonances are achi eved at

oRE refense! GRAREENERL U Dol el h O aRE fpcntioned Briish

mmmaApylmhem Nvs. 8BHERSOiAs aaql %3@%9%(:@6 digel @*FLF%SclOf which are

%ggra%rlﬁtlggﬁﬁﬂ {chor PR B OW | npedance paths are
for aroun e core.” 20 The channels 11 AB, 11 CD

are located in the main between the antenna el enents
|'ﬁ90 appk iQ%t@BQvel@.gbovélQ@ thaspesitenmel of Figurd 1haxhibits three fundamental

r‘t?ale%}cleg Xdes{{a%cl)rllances fe?rlﬁgmtcg) F‘igqﬁ“e %l, & ?n%iudes a graph plotting
insertion loss (S11) with frequency and also shows a portion of one of the groups of
antenna elements 10A, 10B where they meet the rim 20U of the sleeve 20 (see Figure
1). Each individual element 10A, 10B gives rise to a respective resonance 30A, 30B.
The electrical lengths of the elements are such that these resonances are close together
and are coupled. Each of these resonances has an associated current in the respective
radiating element 10A, 10B which, in turn, induces a respective magnetic field 324,
32B around the element 10A, 10B and passing through the slit 11AB, as shown in
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Typically, for each channel, the length of the channel
part is |located between the elenents would be no |ess

W b@n/ogsél, where L is the total physical | engedr/eB260h®01109

channel. 25 Other features of the antenna of Figure 1

are described in the above-nentioned British Patent

Appl i cations Nos. 2351850A and 2309592A, the

Figot 8s (Flesamflicewts baveadiscovereddhatdhareeasisina tlirdmode of resonance,

}:ﬂ féaatléd)Q bﬁ ncreﬁfrﬁéd%%&na% The APREOSEREA surbd Svhich is common

scovere he ante of Figure ts t

fo haBERDERS 1 AN EeaBRG BS RACELREIBPH Fyerdic feld 32C

lEhaﬁUérﬁerLes ;/’vﬁdz Cgb%up]p chABest alegiég@ hlcm 010B ngithoungasdingthrough the
req an ws a portion of

ﬁ@“ﬁ‘i ’H]‘}é lé b H%ﬂ‘?’%ﬁlﬁglegﬁaelﬁénigﬁloA IpOB wher e

they nmeet the rim 20U of the sleeve 20 (see Figure

r 4t s e?% %rl])gfvyéeg Yl r&éﬁ%ﬁ:@% aéRA ghT(ﬁlegf bVihe 15&1%ﬁ1utaptr§cks can be

resonance | ectrica

|aéngteld§9y<ﬁdmsheg thedenath of the shanneh I 1 AR whisleiselates dhsriarcigacks from
?gg% %2%2 gsﬁ‘iO&%Egéﬁrtglssaglglo?E§ 561%&9!; QH? cﬁﬁﬁ{&%} Qb thateis ﬁpasses a short
curren e res

RHEIIRG 1B SRevk 20 DR TSRS P PP HAGE LG clement

fllg%QQOBItM belivagaeh !h@lf fv@aﬁb tes32ant 1ind 2raniofed dt thie elistd]lend fiace of the
and.passing thr Al

40 B BRI AR ATy 3L 145, G D s
app|20thof ﬁleme @0s swhethatdeithisata)t mwn@ﬁursetnés garx ¢iistgon any one
TR b gﬁ%%%ﬁgﬁts exibhikho % HseedrhinlapaRisomde

resonanc an associ ated current which is comon
to both elenents 10A, 10B and whi ch has an associ at ed

'Abg\ Y o?n@@ﬁﬂ@&e‘ ehd fr@épﬁn&gﬁof tzﬁﬁaltets@ﬁﬁbé’sﬁis@@miigtb@ v@thothe individual
e ou a n
e A ol DR coipinig? B b b8 R i LRHEE. syAfim, set he

]w%rev@hmtm@mﬁthemgdammaeheﬁwr esonances 30A 30B due
to the individual tracks can be adjusted by adjusting
the length of the channel 11AB which isolates the two
tFecippli¢antmhave feumdabatet is possible e raiy the fieaepey/of the dhird resonance

d’i@@%ﬁ@re‘hﬂg HORAMRE %leqﬁé?lcielg %Y tHelin@FRRBPelémeMedondfkes 30A, 30B.

stance 1nhto the sl eeve . This yields circunst ances
that permt each helical eI ement | OA 10B to behave

an the @ bﬁeg@?\éﬁﬂfoﬁﬁﬁm i the l]ﬁeseﬁﬂl Er{:veﬂﬂioﬂ etlisais C:jdm by forming the
en

j}e 18% elleélaené% ﬁf‘tﬁel%kf &Qf aléﬁ 36]3 vih &1 glrrg)ﬁ (?)( V\Bsgcregggb it meandered

veight sespédue to thiemraglectofe ltdhealspadsy% gownsindhgurenl A ¢ BeerAs will be

ig(%in ﬁrgﬁlgﬂgﬂltes Qi {h%rbtlﬁw%ﬁ@ cﬁ%%'cﬁaﬁ éag% g@xoo'ﬂgl?Oell@@@mO@D of each

. rents’ ence rlve
atltelesnent 194 tnd OWmtqsefama @mlee iclatly ey sigprondad mppner along

the WiRIORANGERnARS Ot WHER (Sﬂ@le'éléih&ﬂtﬁi ual to lOD are, in this
el ements 10A, 1 E are d ter ei 4V‘EB respectiy

PRI IR G Brical and pasa R/ &P BRRRSIY s of the
abspebgves tigmatis] TABt 1 10Ty "RharsliryJ,smdal paths of the outermost edges of the

elements of each group are also parallel. This is because at any given point along the
elements 10A, 10B or 10C, 10D of a group, the deviations of the respective outermost
edges are in the same direction. The deviations also have the same pitch and the same

amplitude.

The effect of the meandering of the outermost edges of the elements 10A, 10B, 10C,
10D is to shift the natural frequency of the common-current mode down to a frequency
which depends on the amplitude of the meandering. In effect, the common-current
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20 The applicants have found that it is possible to
vary the frequency of the third resonance 30C

walpdoesasnt |y fromthe frequencies of the indi vP@raB2004/001109

el enent resonances 30A, 30B. In the preferred
enbodi ment of the present invention, this is done by
formng the helical elenents”1 OA, 10B, | OC and 1 OD

§é’s%ﬁarltriﬁ<§det\k}ﬁibh Qidh@ésméﬁnaﬂm 1§ulﬁ€§lﬂ’ld£rteﬁlghé’§5 cudrédt density

b D atersiest plase TR B 195G A8 afifime b Mg Phie "0 ppdindering
(‘Dlllﬁeﬁﬂhﬂ &iy:qdd:rrcyaifetﬂe ecbgrant©30C atOEB@steI(r@@ woBE Hequsaeips of the
41}/11%116}%1 LeoR0t: grél e @rhn P 3¢ VB%%E?LW% ??sl Beealse, as will

sinu manner “al 6n
|be rsgftmfromrfegmmﬂewhem gempaed Pl Feg@ﬁéﬁ?t the @refltﬁ aiwated with the

ﬁuan—TMEn§ mcﬁﬁbgﬂidﬁﬁﬂé resnfhde! 30(1 hgtigadedadléng two meandering

to _each ot her i des of t
edegpe LA 10D HOCON TORK, RIReARany AN, hs Bt fafdeg and one
Qfrafohitedyela i tcagdgabe iividal eleirenerim wofl0Bach group
are also parallel. This is because at any gi ven p0|nt
along the elenents 10A, 10B or 10C, D of a
tThés deridtiahiints ehethtvd thesypemdsy edgsatod rthﬁa@lﬁme@fé dgé taridD can be
u@e& {08 h?@ﬁ% tﬂféfl ?ﬁ%&hé}f&e 338 %16%@&%%& %%eﬂ:&%d}@&ﬁd J0):3 as shown in

e sane anplit 35 The effect of
tﬂngquélarﬁ@ @roduge 6n adentessery wglﬁloade%sscf@fa%%ﬂ% CeYREMEsa band of

%ueric@%o IﬁQﬂe al.JI“rl?lm' &x&nd; §fé‘v&fnt1tntﬂ'1 £urB &, tHeadntdnhe GEe ag yperating
d}@g@ ﬁ:@glc&ﬁ@nf pﬁgt e&’{l% r{gcq@%ﬁa@{ eﬂé‘? T§ ﬁ gfvi?glg/{i—lz and a

tthetiegdmbandeide @ptrowmngacmmoaalam P& «cB2oed/ 001109 9
resonant node whi ch produces resonance 30C (Figure 2)

has its highest current density at the outernost

dolgmsal kOKOve cnl@Bnendmf the twvenfign.t ¢reh g phieicwa ¢lgwents may

ﬁgS LifQe duNes Eﬁﬁle efbl?nFOF ofod, hﬁ)H emnﬁfmoﬁ% shown in
aster_rate than.t @Cles of

Hiewos dadp S5 HaR ére(‘ile\%éS Cftrﬁ-‘ép? %%@sgﬂ%f@wf Figyes 44 to 3C in

FLgIeE@v2df thd Bt embodigfatise, as will 5 be seen from
Figure 2, when conpared with Figure 3C, the currents

associated with the common-current node, producing
rsbsfarc Eac&Qﬂ?emait haga caedpabdngradiad pnﬁmdlé)ERntg 10éR gennecting to

ng gcf?der S él!rt%d é&%lerﬁ%ﬁ: het rtnh?%ecﬁhto@lg r©0U of the sleeve 20.

€’ and one as in the case
o"fhet dlementsl iwithiuedcheretre His 1@6AIQCS> HOHe0 0L 1)) o separated from each

%éﬁe tlga'i‘fw&etéh%nﬁe@@gm: Qfirgh 131HIJt1¢IJTKﬁl‘i$h Ql?ﬁl@ﬁieﬁirs% digbodiment,
Se | e
O e S IR e o2 sdel 8 o

Pedeevsl atio%8B  as

shown in Figure 4, to produce an advant ageous

t I ch
RS oL 9 SPROABIA bR 38 B e grovp s
6of d1ffereamaeem@ halihsgreadpe}eatenh gzlthnap@j:hcgﬁonp, hgwing apj Qlﬁment of a
t&?rf%dﬁg g«/léthGrLGc’l(fee' g%oglegéﬁﬁ bp ealla-’IOMé%aéeaﬁﬁdth being

i onal bandw 5roachi n at -9d % :
hdametsichlily opppsed across the core on opposite sides o the core axis. this case,

the narrowest elements are elements 10ER and 10HR. The next wider elements are
those labelled 10GR and 10JR, and the widest elements are the elements in the middle
of their respective groups, elements 10FR and 10IR.

Referring to the diagram of Figure 6, it will be seen that, in addition to the currents in
the individual elements of each group, giving rise to correspondingly induced magnetic
fields 30D, 30E, and 30F, the three-element structure offers shared current modes



In an alternative enbodi nent of the invention, each
group of antenna el enents may conprise three elongate

webk@awsissl1 10E, 10F, 10G 10H, 101 and | QJ, as RCIDHGB200A/001109
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Figures 5A to 5C, which are views corresponding to the
views of Figures 3Ato 3Cin O respective of the
first enbodi ment. As before, d8ch el ement has a

?é%ﬁct%;té@ ?Hjtih%rﬂ'eﬁtgi c"éh}rﬂ&l’ td &B%éctiggtgaﬁrf oﬂ-eI@t:th@ qpRAGEInE Gnagnetic
0 efTe structure, an a el enent | . .
tfasids 34 gJa(f g&l} ﬁ]éc{ FUTFRIER0G9IYROR ﬁba Flgg%glg%r}ts S(qugucmg a magnetic
efi@drenpsarivigt i Figacts gs diehd 305, IOFlldwSGhal @s difidhna offers six
TSRS Dl fppen o e

fidgits eithe clememts 10%%a é0Hand meandemingdifsierhertt #dges1 2@ b¢ brought
t r& 4 ; SBOWMYwi B BgEk7. O thScase, th
itﬁg‘?ﬁ% agr#o%%%ﬁ%%og%ﬁﬁ%gﬁ%g agéAeSi cgso,sc, tlﬁe ] erre# s in e . ©
eatng i opnfigueed fof prafycearancsy Spapias wi gPriging fa corresponding
&b SREQEMYSOD ban e & hdfPE#BmNEaT ) A 1880 Biteent of a 30
corresponding width in the other group, elenents of

equal average wi dth being dianetrically opposed across

t Refedigebackn toOPipasd 3@ iswilbbe sden tie in drieemkodimeht) thehdwger elements

case t he .nar rowe I S l,e -106R -

e oD HA I ShlerBpS TR BlreRUMTR BlaBi g FE 134 cges of the
anderlddaBentad 6E heGwl UdskO)ehasnalse be apeandéred,divé fie atlesspmamplitude
t ' ler | theE? Ederdis @R 101
6 fiebfaghibe bR I EPECE | Y HIRURE MBI ACHs DR 101 are
wielicalje thise#set hat, in addition to the currents in the

i ndi vi dual el enents of each group, giving rise to

RO LR BT S S5 0P ARtes
oS W2 A86REhay cufFB200 440041 Ohdwh@hasE@Cinabeed, the 3-G

W th currents conmmon to respective pairs of elenents )
(prade endgravgitebids dsi gledidicdd@ dred MOHH00AnKeqrapese Allecation are

oo g ir BB R o PRAP s A ppf e covered
t d% st} S aRBLAN nS'\}ﬁEg Ili%fe%trﬁhl’fy—lcfaﬂé@ apRtAl ashrRb@Me8dibove are very

resonances Ich, wth appropriate adjustment of
t dmeal Batnihe tfresuedici¢shef i Sa6riiandy, GEit poskiihie tmuhonptamgbralify of such

AN TS N TORET M S e

Thaldilted HhSdeCaREnnak RhiciRth &RB Al SisS18RA! B4th afe hanMePIHARd. Tt is
resonances formng an operating band corresponding to

t fressiGEMb &@floyan firsentends ogvdringnthg At@smi W88 nNHE secogd antenna

Referring back to Figu 5C, it.w.ll be seen that i.n

Ve BB R TSTERE , BApthe S0 YT & FURTIEE TEPORKCHS 5?%% in the grapbs
X i g ' tfa8d. Thi

UL 00 Y REPH SH05S FEaRgLR Lol oyt T

nalloval the elgensiva diifdexd filbbrof the cantentioral appmkclt nddis sitvaron (i.e. a

t he neandering of the outer edges.. The edges of the
il?fﬁéqlbagpl@ﬁ@mlag }p%gprg io ée S1sgensed with, €99
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helical in this case. 15 Wiile the bandw dth of an
antenna can be increased using the techni ques

walemansdsed above, sonme applications may requiPET/€BR004/001109

greater bandwi dth. For instance, the 3-G receive and
transmt bands as specified byjthe I MI-2000 frequency
al l ocation are neighbouring bands which, dependi ng on
t he performance required, IHBt be covered 20 by a
singl e antenna. Since dielectrically-|oaded antennas
as descri bed above are very small at the frequencies

af t he A3dfeldeandfy-lbddell Soqpoaaédilacior operatiot abfrpdueneiks try excess of
of such antennas in a single nobile telephone

h00dEe.. comlsmta@mmluélg dnsulptiye o\l agold mpierinh baying a relative

anten as whi r I t
n(ﬁgla%tgfz cgp Eﬁ{tcgree}t?r 1ih§n gp%z e, ﬁect%gh%}% %1 I;aﬁtg a {lgment structure
afib ROk BY Sdjh it iR uldr 30Fabelof g \ébréhe ﬁlaﬁe&}ﬁpﬁﬁthe core occupying
antenna 25 covering the receive band, each havi ng a

fihe mjomgart of penvalumasieshedhy ithe cote Qterpigface, fraieiadhe antenna

the draw n f. th
e b0 ol M SRR bEr QAR clongar
fél!eﬂ‘ra{ts Oéach fg%&p) QYBP#$iRE FrstoAAr RB6AY Eiibstahtiallp bb@@éﬂsm elongate
(1 br oadband antenna and a di pl exer) to be

delerpems evhivh thave W20 49108d@é ety @;B@dwg@ymghmm operating

gg@rugp?yoﬁarf E quﬂ?g%{%l:agaglhl € ,gglé}ggtgt %%%%Qc ive first ends at a

Cl%gﬁfdngih@lge B Fahd feed L:J)ﬁhebﬂ"&i‘érﬁi At\EspeOiR Rborl &k afla location
material having a relative 5 dielectric constant

gspeeetdefromhﬁm foed eorineetion; dhn ewteiwnelemant strucane dilzer comprising a

?ﬁq%t%()@}urc‘t%%imif@gég %gﬁﬁﬁ?cganfgp gifgt gtg%)trn eelc?nlféa% elements of
o&féué%{l Qithh ﬁl% JEBHRY eRRIIf A AkNand QbR Slehbms dflaNe biker group,

core’outer surface, wherein the antenna el enent
stherebutle fishpldnsas of thaitwoodrolyst forml part op pdsetdlogpedpenductive

f duct | h
e P Frecot SRaet s s IR Ty BReAehsFpad looped
eéo%ﬂgﬁéx% ﬁaﬁg%ka{rﬁﬁ{ ﬁlevggidcrﬁt}ﬁ%\é@e diffdr 84t 98dpe S ROk EdaRd frequencies

| en requency w'thin an operating frequency
bﬁﬂhimofhet keid abdneln amd aadl axeﬂdoﬁpinethet Gepelt hemmeetion to the linking
respectlve first ends | ocation in t.he rlg%&on of

{ FRngier niee:oh e deod EUPEER 9Ty VRSB AT 18RI O1g; Opthe said
e%le?% 'té)%terﬁﬁae‘fégerft i té‘r s 5%&%&9{?@&&}5 'hQ{)ing thBR- p@féﬁl@f@@es

nt structure er conprising 1 nki ng
conductor |inking the second ends of the first and

cond gl : .
cond “SriS08 B fnhr 1o BcMiRE R Mrldhehly in excess of
Oimngmmmmm@r degrieally ingulative sprenadm solig rmateréalhgping a relative

0dietd 1cfc9>5§@aﬂ§ﬁr{eat@1f thdan 5l 6 $Eed QRBEFi0ROREHGA hﬂt@md)aélhent structure
and the secon

n el ement s of the 0 ar
cesatan P staeat dois o casth Bl LR kg sccupying
Pak hBajbapat df fifiereinmer &giped by ke ceonaat suifaeguelaeiasthe antenna

element structure comprises a pair of laterally opposed groups of conductive elongate
elements, each group comprising first and second substantially coextensive elongate
elements which have different electrical lengths at a frequency within an operating
frequency band of the antenna and are coupled together at respective first ends at a
location in the region of the feed connection and at respective second ends at a location
spaced from the feed connection, the antenna element structure further comprising a
linking conductor linking the second ends of the first and second elongate elements of
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wi thin the said band and each extend fromthe feed
connection to the linking 20 conductor, and then back

W eoottiosssbeed connecti on, wherein at | east one PET/GB2004/001109

said elongate antenna el ements conprises a conductive

strip having non-parallel edges. 2. A
dielectrically-loaded antenna Tor operation at
f R USRS et 1he s@é‘(ﬁﬂs&d@fof 2O OMtland (sedfmﬁl dementanf the other group,

| | f
R R T T —
Soatly 4rele thec sevoadt élenentand the et grovas eﬂoenelﬂftrt of raJ@@QQﬂé looped
?(%921819&%@ rp%{h gﬁ(%ha% gg&dtﬂzlﬁlsql%@ﬂlfﬁw 13 eQfvelB&EAN Bequencies

core OCCUéyI ng J or part OB
twighinothenenidlefandeandhypacth exisad efret Fhe gfiffif a@@ecm iithe linking

t&%d@&fn]e g theh 65581@&0 Shé lféétdué&ln@&[ﬂif ivelesein faesist Ane of the said
| atera y opposed groups of conductive elon

cfleasin B TOR S TaR S5 BB § SR 15 LHP QRS @LD frtece of the core,

StUb StriprHalvitlel oppesiex b@nsiof difftkann aiths30 el ement s whi ch
have different electrical lengths at a frequency

within an operating frequency band of the antenna and
dre coupl edetogechalingto chipdcor vkimid; svhaseigsthalt edge of the strip
| \gﬁ%fl io st gfé%t%ﬂ eﬂ;ngﬁﬂa Q1R oF ARRBRS '119 [’ts be‘ijlp% longer than

i've seco ocatlon spaced £0n1t e
ff@e@dgmwh@b@s mﬁtrerttheotawt @m@&tffeq eheor §%qnt?efsuﬂfé ¢ & tPer
conprising a |inking conductor |inking the second

ends of the first and second el ate el of. \\O
Th04/ 0BSBNPET FBH0% 10 66102 i BpL i 1 EFigind second
S¢€l6nrie elemhsmfofteml grons havaereoh eslge ovhiclelsememtegmoft ¢dge of the group

r
ool g R B pffer Sl BRETRISs BF i Miments o the
agrdup.ne second el enents of the two groups form part of
a second | ooped conductive path, such that the said
pat hs have different respective resonant frequencjes 5
V-t hi n AthantsBRt sksaFing ol CBHB - MIEERE ThF SHitt FEeTBstcdeeS of cach
C%Bﬁgﬁiels%sthﬁldl%akdmktmch emeduct or, and then back to
eed connection, wherein at |east one of the said
el ongate antenna el enments conprises a conductive strip
of) t he Awbernsusdcacdngto tineof olagns 3tthed, swidrginthe lenger edges are
o] 10 3. An antenna
ag%giﬁd&g d&? @% r%e H{f’jofrﬁ)&g:agltﬂr%ﬁg%%er ein that edge of
the strip vvh| ch is furthest fromthe other elongate
ef ementa0 Ent;@ﬁm&ﬁhﬂ%‘to' &S Iﬂéc‘éé '&alhp R@Rfeih Badh grbtie of elongate
ed e which is nearer dfh&? ate el enment or
ﬁ%’ﬁ‘teéené?m%h%“@’rodﬁ']bma e’étrﬁ Saccording to any
preced| ng claim wherein the first and second 15
ongat g el enent s C u Qe [
oot domatEneyeeBing R0y VERHF UBTGEER HOkEhs!dY cach pai
ebgeslifferent dngecaltlttt@hﬂdmé dﬁﬁnebetwﬁgleﬂlem a p@réllelaﬁldfd channel, each
antenna according to
Flgfﬁ%ﬂttﬁi \fl\l#&r{gﬁg%mfg %@gﬁrgdoﬁ?ermst edges of each 20
group are substantially parallel to each other.

9. An antenna according to any preceding claim, wherein each group of elongate

antenna elements has three said elongate elements arranged side-by-side.

10. An antenna according to claim 9, wherein the outwardly directed edges of the
outer elements of each group are meandered and the inner element is parallel-sided.
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6. An antenna according to any of claims 3 to 5,
wherein the | onger edges are each neandered over the

woregosnsgsart of their length. 25 7. An ant enna BCT/GBRG0AGO1109

to any preceding claim wherein each group of el ongate
antenna el enments has two nutuqbly adj acent el enents.

8. An antenna according to claim?7, wherein the

el jongatsm mtmmsoxdingeaccﬂmmae rwhehein et Histfamearitthe outer elements of

electric Ien n e

oS (YD alg‘as ol aﬂaﬁeﬁlegut& Jd gﬁ %n@%%ﬂ?aﬁﬁelreﬁ %ﬁle‘fi‘ edge, the amplitude of
nthe matandetinguifdhe @@tgxeedgg being gzentesriban thalcdrthe mget ngany

precedi ng claim wherein each group of elongate

antenna el enents has three said e]ongate el enent

ab% anget SNEBLHCEIIEEE 15 alilO.Pr%ﬁg B dbetsiy |ﬂ|§Fg spig elongate
ChiatbiRa%lebifs @hdh é)h&lcpﬂbffﬁhé |fééddctdnﬁ6cttﬁﬁh tede $inkingtdoaductor, and

?%3:9 [hag{aug ?{t{l% 13 Iﬂéﬁ o \]hg {rgéjﬁg)ragf:@e h%%gg% gglg %Q%I#tyuency within the

PedrBR(Phueid/128d of helahtenAa. ant enna according to
claim9, wherein at | east one of the outer el enents of

. each group has a neandered outer edge and a neandered

i Iher  eyenteniveacaprding tacdaimy 12, tvheraip sieaeare igoydindsipad and the feed
o%rﬁl%ctﬁglg&nklﬁisgg a JELR} %Emirﬁﬁ@n bhah eafl fideofithe esreat@Ewherein the-

5 12. ant'enna accord any precedin
CREBPAT A § logees c8 i g ST & Heb) Conductor which
exteRtds hram tuhieabasd teosne cérted dnothe leerd axikiang wherein the linking

t h.h el
BB romPEe A% AU an g G i EFlsals XY et
oper ating frequency band of the antenna. 10 13. An
enna, g Cefil?%r%g Q(ﬁ:tofqlﬁ% 3b Mkén YR nC 8kl 1 f8eder structure

Cy ‘indrica connect’i on conpri ses
f edtareding Bwonghdbe spredrom Hedgerer sernestion AB acfgﬁteendg"ﬁfif of the core to

V\@eé'e@d)r{ﬂ th&. facdTRIfOthe p&ﬁé ohd Q}ﬂfe?elﬁ aﬂh@ Bhlan a:foﬁdﬁméxe Bo@prises a

el enent conpri ses a hel.i cal,, cond tes
P, PR SRR oS! SEPH s Ph e SuPa o gnt to the
af@ddwheneiure dthepdsitiokispgeed fmﬂﬂretsaﬁ featep comtxan

annul ar conductor around the core centred on the axis.

15 14. An antenna according to claim 13, including an
ali.al  fAeedetenigt sogordifrecto sax heerailing claimdying hiadtional bandwidth of

fgﬂ@%lsftﬁ%gt%ﬁqlﬁger&gne%cgﬂ gpon a first end face of the

core to a second end face of the core, and wherein
the 1inking conductor conprises a conductive sl eeve

cpainecta @%Iédﬁﬁcﬁl@ilda@eﬁqw@ aRteflsa ffr dpb@tleh@ﬂ@&tl&nmes in excess of
structure

t :
PR st e ebfFedRar RS o sfuP SRR Pureral baving
aa cdntivendjelectrizropngncgreiterghan 4 mfdwdwpngecaoﬁ,rmalmmnna element

bgtg%gﬁrg?%p%ed c%f dJ %fa%%%tﬁtlf{%a Pﬁ?faeé 6f fhl'eQBre' gﬁltérgﬂ{ the core has end

operfares and aide sretes mafl a8 ey va gyRetpt passmg throug the enc{ surfaces,
and wherein the antenna element structure comprises a pair of laterally opposed groups

of elongate antenna elements, each group forming part of each of a plurality of looped
conductive paths extending from a first terminal to a second terminal of the feed
connection, and each group comprising first and second substantially coextensive
elongate radiating elements which have different electrical lengths at a frequency
within an operating band of the antenna and which run side-by-side on or adjacent the
side surfaces of the core, wherein at least one of the said elongate elements on or

adjacent the side surfaces comprises a conductive strip having non-parallel edges.



200MHz, conprising an electrically insulative core of

a solid dielectric material having a relative
waele@imeedssi ¢ constant greater than 5, a feed coPCIEGBR®A/001109

and an antenna el enent structure disposed on or

adj acent the outer surface of14he core, wherein the

core has end surfaces and side sunfacezﬁgnd an axi.s

dfl. sy matanjensa SeqTgingHe slaim thavhsrein dbe fogd ssonnespion iy located on
VWHEr &t hE safh@RNF Bt @ERNMndStheUaidIElengneRIdnsDs &f el group are

CrahaLd b oRRSR B Bl SRR B o or sncen

phelsal etd/swefackooped conductive paths extending from a

first termnal to a second term nal of the feed

connection, and each group conprising first and second

d8bst ari ahleyna ceserdingi te clasmond§ae claimi di gheatiantbgt girip has
InC Lf b 6sent e 968 B parBRGliRSleAbthdod HRAKBPSNive side

§§h§?¥ﬂ?%%g E;operratiﬁg bandegf ?he antenn% and mhicg

rytfaeq Qesuppeasidddhentprdr adj acent the side surfaces of

the core, wherein at |east one of the said el ongate

ﬁllgﬁgﬁ ghsr\,grﬁgl%)l}ra] %gq%sgtﬁgtaﬁa pﬁ%&ilggcf P\il’?)%&%@%ﬁia%&gr)éihsﬁsscr?bed and
%QQ&&Q@ﬁﬁﬁﬂaﬁ§%§CBZOO4/001109 14 17. An antenna

according to claim 16, wherein the feed connection is
| ocated on one of the end surfaces of the core and
the said elongate elenments of the group are connected
to the feed connection by a plurality of connecting
el ements on or adjacent the said end surface. 5 18.
An antenna according to claim16 or claim17, wherein
the strip has non-parallel edges over at |east the
maj or part of its length on the respective side
surface or surfaces of the core. 10 19. An antenna
constructed and arranged substantially as herein
descri bed and shown in the draw ngs.



