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1 A D ELECTRI CALLY- LOADED ANTENNA Thi s invention

relates to a dielectrically-1oaded antenna for
operation at frequencies in excess of 200MHz, and in
particular to a |oop antenna having a plurality of
resonant 5 frequencies within a band of operation. A
di el ectricall W%EMTWhhﬂeh%DEDMEEM in
British Patent Application No. 2309592A. Wi I st this

tenna has advanta erties in terns
T AR el e BRI Rk SRt K oPeralomat Sgguencies in
| elxSesk a4 200MH, RAH LA PAtiARE t6 rael@»bﬁ lafiteBRS AhRhE %rbl{u%htyoof resonant
10 (SAR) perf ormance when used on, for instance,

r&?aPP@I@SéMyn@ﬂ:@népﬁgeem@n he user's head, it suffers

. fromthe generic problemof small antennas that it has

insufficient bandw dth for many applications.
|Afmi¢l&’<ﬁﬂcdl@nﬂﬂﬂéﬂt lbo@?il%tﬁlﬁlaaﬁtrkﬂl%igéédb%ﬁ Bﬁltilsl% thla Rt tﬁtﬁ)hcatlon No.
ng nts .o e antenna into portions
eV BLTA Supone g e ein P BRRABRLIn Fgns of 1olation from
dhes sthatwrd onrwiisch iti is imdRatednits Apitdtionatattern, biad spR2ic ﬁﬁérptlon ratio

t(gﬁRg %l acfngéi%le vélhi‘:nl'{ﬁbd 8?' fol ?rg'taﬁ«% naglax%{)ﬁgF lép%oﬁg 00526 the user’s

higash tih sufiens| ﬁolpaﬁhal geélﬁrlc paetilemi frty Sneeltib aptensascthah échasdinsufficient
dhndlilifiefo %an?‘h%bﬁéa@iﬂﬁs t &ﬁobé(fﬂ‘inﬂg?]dtﬁ endye Bﬁflex}e'd ¥ $Bftting the

el enment s anot her vari at

d
e IbRERS s SHSanedriraoTAgm s Giicres: clegwiogliongths. For
tehﬁnlsljengb aelisvidsed ah Bhﬁﬂf-‘ Erh@nam@ heaicﬁlcpﬁ t2g2 | P83, ahb Vindividual
ou emen eac aving.a
SRR RO "Rt SR BESR0SPHE e Rl gcen
iswbstaniatly paradlel, padiatihg klenrcatsksonnastedigt diffdrantguisitivng tha hnkmg
EQn(ﬂicﬁJrqinkﬂ'léﬁp?%ééagrﬁﬁ aﬁﬁ% Fleﬁl%htsl i g{i&ﬁer ‘H@ﬁﬁﬁ% désc Cf)sed in British

varl ati ons el'ectrica

Pateat Agplicadion . 238 hSM. thasingletheljed) qlfrm@r@ ats replaced by laterally
B Hébel %I‘(fhp@)bf \éle’iﬁeﬂ% edchthehd hg‘nfl § b&itof c&é?{%ﬁﬂs{?v@ HREATH adjacent

resonance }Deg}'l occur, at rent frequencies

Fdigting glemegtsi ERTRY o5 fpag) L?} zmc i hayinzrdiisntopidths to vield

‘dfffdrlmg e;lactﬁtﬁllleﬂﬂgtﬁﬁeﬁhfeﬁb Wr(h‘ﬁbﬂ@ of thelikdhes of Wl@%&ﬁ@ﬂly-loaded

gggrqgﬁgrﬁtg%%? bk gﬁ]gt%]%g\sm E%l}adasggt y v1rtBe o% thelr different

G@lmlgbqucaIOEyedooadehmh,enmrfao rd1ﬂ'qa1en1afrbquenaies within a required
ffgﬁ) nl N excess of 200MHz, 5 conprising an

electrlc y insulative core of a solid materi al

having a relative dielectric constant greater than 5,

BnftRatn&RNSEGE i i
mnu@ngeeﬁrﬂo RREIVIES Sme@&&%ﬂm&dmm}l

di sposed on or adjacent t

core, the material of the core occupying the major
part of the volune defined by the core outer surface,
wherei n the antenna
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el ement structure conprises a pair of laterally

opposed groups of conductive elongate 10 el enents,

each group conprising first and second substantially
coextensive elongate el enents, which have different
electrical lengths at a frequency within an operating
frequency band of the antenna and are coupl ed toget her

at respective first ends at a location in the region

of the feed connection and at respective second ends

dp accprsiened oYith gpacwdaspednof Hhe freesent dnyantionofhere hie provided a

t . structure further conprising a 15
AERGERIRA, apthitiobh grplionc RRBmES R Bressh ofspoomn
aonhpsisingad eBdcaigly énstlaiveRbe ¢ifa sobiden&EQM havinkhh delaBve dielectric
second ends éf the first and second el enments of the )
GPRRnt Frenier, thagRep desd eanaestions gnd pa atenga gfemenb struggure disposed

DSY; [ I ti t A
S PRI RUL IR o turfhes o he <8P > SRRGHE b fe B dlogpring the
maacpat dfothpecblumentifiatd by that bore satdr flrfticet WBeRai the antenna

pat hs have different respective resonant frequencies
Smept ﬁﬁf&‘?f?li?ecogﬁaﬂa%an_a%% JotgEall @ROBHCEP YA HE R clongate
CRANAE! ie@th bRUH@nbdrd HrsF ARG usﬁl&ﬁfd’ sub@ﬁﬂtiﬁlp? P%égc?éh ivg Q%longate

3
the feed connection, wherein at [east one o sa
eleorentst whicht laveadiffetcatrelecticabinmgitseat @ fiequehegtwidlein an operating

TR T
aansdange r%%bﬂﬂ oBthe e chnasARmtandflat }&ﬁe&{v%%le{gnd ends at a location

i nvention, ere is provided a dielectrically-I|oaded

FRrspd dinme ihra foed reoopestiani the antermacdiementi tictune Bxthes sowprising a
FARMEFong TN 3B G Ttk BB SRH B5RAE Blens o

dhe lgesipr with a1 séoandl egdeat te fikBAnd secdnliagehn&ANBEEHd er group,
g@%ﬁ@n antenna el ement structure 5 di sposed on or

¥rihe fi5g dements of they o grounsdornmart ghe fasstrloppas conductive

ESEgRaSpEroo LaGih BEi015 BHEE I 97 Etktnd toope

Wr&iuef l tive p:lktlh, such el ahetabdpaths h?xfdldilfﬂefeﬁt eBPEitive @&sodantdtdquencies

of latera pposed groups o el ongat e _antenng .

Eﬁltélﬁbfﬁ??é?ldééeﬁ mS«? qug %Eﬁﬂﬁifwgn Bisrfeed eonmgetipngio the linking conductor,
[ u

P R TP ConnE A Wik BORE o¥ nE U8 Rk Eantenns

elementstdomprisesal caraliiatiyy sitip onchp vitst sy fideraf theacute, sthe sipip having

substantial%g.&pex ﬁns've el ongate radi ating el enents

QRRSITERABES of differeohlenghsct rical | engths at a frequency

wi thin an operating band of the antenna and which run

si de- by-side on or adjacent the side surfaces of the

core, wherein at |east one of the said elongate

el ements on or adjacent the side surfaces conprises a

conductive strip having non-parallel opposing 15

edges such that the opposing edges of strip are of

different |lengths. Looked at a different way,

enbodi nents of the invention provide an antenna in

whi ch
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at | east one of the said elongate antenna el enents
conprises a conductive strip op the outer surface of
the core, which strip has opposing edges of different

| engths. 20 Preferably, the edge of the strip which is
furthest fromthe other elongate elenment or elenents

iR dcb&dﬁﬁ&umﬂhsa SO a pléétn of e ?)g%gntv“tﬂv%&uh? tﬂ@t@rﬁr rovided a
th t.her nt or elenments. bot %
fige %”E‘H&O@f‘fgﬁ@% @nie t QPesAtioRainireuspen iy eXrgseof 200MHz,
edgpsisiaf adleie;]oﬁ’f]ceﬂy isQREivE Soretofth sohldrdléZIB@hc tﬁ&@‘éha$ H@ﬂng a relative
a rm ng..an out er nos
SHRREL SRR s W Ch P ol e, FREbtrodement structure

disgesddson aragéacenttthe outeh surifae e tiedigere oFhdréie thd esrethts end surfaces

d
e T
&n PHHALIGHRGY) SHHCTHERPRIRPIISES Baralr faﬂ laigtplly opposed groups of
féuﬂght%rﬁnlt%b)éléd‘i@té’wé@b}? gffup f%@midggpﬁr?@f dhdhgr ﬁza'f\ﬂﬁﬁ‘g of looped

se.of .t hé aptenna a tmnst
ﬁﬂ?"éﬁﬂ @%{@ng {190 aoHrsk (ferming 100 GeFR ntfnamqu the feed
tculum%caomumﬂ t:hnh @anipr aimlaxsmg Cﬁrsﬁaﬁdllsleditﬂidl Qibstantially coextensive

io%%gt‘ét Irahféhﬁg Vﬁem%{ﬁ? %%%}%qu%\ée (ﬁff%:rg{qp %]:g frical, P ngﬁxlshat a frequency
mhllrsm pn@ammbwdefefgbe fnlehomendawhishtrunksidetbysdds et o5 adjacent the

Edemguifagesssf et cdi€! Wwhdkin Refedstl (?heaoP 'tlﬂ:u&?& %Ioix%ate elements on or

gwtellate or snDoth pattern, exa
g|syr a%%é@@%%ﬂ&@ﬂ@?%@tsm agngmopperpllel opposing

gdgﬁﬁmudf thet @eeppesitddeerofstiplafe oftiffeRniRhkiRS from the
strict helix, the variations are equal for both edges

at any given 2b position along the |l ength of the
fookedl @fa differean vaysembdiitmentsof oheinaehtion gtokidefantdheenna in which

%%ga o @E?fqu %ﬂ%ﬁ)‘ﬁg@%f&%&gﬁg ?ne%ltjsbggnqgrgsfesfa :a ocﬁ;}é%%grs sigip on the
putepaurfase of thelcord, svhdchetrip b&%@pmsnngj edgeqoﬁrduffcr&nulmgﬂas

| ength of t he group of el ements. WO 2004/ 086561

EC‘EI 4/ 001109, 3 'Such structures take advantage
FererRRtYafhecesies af the stimewhishiis darthest fram GeqiprsFlonggtc clement or

Sllebﬁhal’hhl id l@bl,@oﬁﬂbﬁgtﬁlthﬁl e ieddd Q&ucﬂﬂ g}snﬁé&}e{? @k other element or
i.ca amen
Bloadced o F%%}B'&L afcms‘? a@ﬁs LR Gty it may have
edlmiﬁ tiffeSentiiéngthsac.g., i thme edchgath etemehutvhﬁthshas an edge forming an
SELAEAR SRk RS AIBIAD i LR g s tner
Q’&?B%lil%ﬁtig%@ the glsmenknsi ve nutual |y adj acent el ongate
radi ati ng el enents, there exists a fundanental node of

g&csl'no&?glge%ces in edge length may be obtained by forming each affected element so
that one of its edges follows a wavy or meandered path along substantially the whole of
its radiating length. Thus, in the case of the antenna being a twisted loop antenna, with
each group of elements executing a half turn around the central axis of a cylindrical
dielectric core, the helical portion of each element has one edge which follows a strict
helical path, whilst the other edge follows a path which deviates from the strict helical

path in a sinusoid, castellated or smooth pattern, for example.

Advantageously, where both outermost edges of each group of elements follow a path
which varies from the strict helix, the variations are equal for both edges at any given




associated wth one of the tracks, another fundanetal
resonance associated wth theppother of the tracks,
and a third fundanmental resonance associated with the
conposite 10 el enent represented by the two tracks
together. The frequency of the third resonance can be

FRBitBY |aﬁin§dh@hén§t§mﬁé éﬂoﬁﬁlok‘ ¥leRleh® rsb '?Hattt xl'e?ﬂg{vlﬁﬁh QF the group

taﬂgns of the, ele n? F&% articul ar, é@ engt heni ng
HEER I@&lj’é@ 1§ subsiantially the swpat dndsed cfie PUiprmest ecig% may be
ffomapdestcys af bé peratlbl slong @s GasNg engfenphe ofitlicelefifth of the group of
dj ently and to a greater degree, than the
resonant frequenci es associated with the individua
tracks. It will be appreciated, 15 therefore, that,
the third frequency of resonance can be brought cl ose
to the other resonant frequencies so that all three
coupl e together to forma w der band of reduced
insertion | oss than can be achieved wth the
above-described prior art antennas, at least for a
gi ven resonance type (i.e., in this case, the bal anced
nodes of resonance in the preferred antenna). 20 An
antenna as described above, having groups of laterally
opposed el ongate antenna elenments with each group
havi ng two nutual |y adj acent such el enents, is one
preferred enbodi nent of the invention. In that case,
the el ongate el enments of each pair have different
el ectrical |engths and define between thema parall el
si ded channel, each 25 elenent having a neandered
outer edge. In an alternative enbodi nent, each group
of el ongate antenna el enents has three elongate
el ements, arranged side-by-side. In this case, each
group conprises an inner elenent and two outer
el enents. Preferably, the outwardly directed edges of
the two 30 outer elenments of each group are neandered
or otherw se caused to deviate froma path parall el
to the correspondi ng i nner edges, and the inner
elenent is parallel-sided. More preferably, at |east
one of the outer elenents of each group has a
devi ating outer edge and a deviating inner edge, the
anplitude of the outer edge deviation being greater
than the anplitude of the inner edge deviation. 35
Usi ng groups of two elenents with non-parallel edges
it is possible to achieve a fractional bandw dth in
~excess of 3%at an insertion |oss of -6dB. Enbodi nents
with WD 2004/ 086561 PCT/ GB2004/ 001109 4 three or nore
el ements per group offer further bandw dth gains, in
terns of fractiona
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bandwi dth and/or insertion | oss. The ant ennas

above have particular application in the
S%Sﬁié(ﬁg% division 5 duplex portion of the | MTOHGH2004/001109

3-Greceive and transmt bands (2110-2170M#z and
1920- 1980MHz) . They can al so begapplied to other

nobi | e conmuni cati on bands such as the GSM 1800 band
(1710-1880MHz), the PCS1900 band (1850 1990MHz) and

t fRuch Blthirheed ke AN e (0F48é cﬁéb%@ tﬂ@aﬁﬂﬁ:ant that grouped and
i nv t|o vv|II nowbe escrl ed vv|t Et_erenc e h

A T £ gmantae%n@ Preph Qpeiyieals fegeths have
dlfehmmmamb&esl Oﬁf&dnmbemm nbN\Onlb(altoet‘hal inflividual elements

1 gﬂﬁ% %feq f%%g Stoégﬂ&eh N épf;%s? h%gz'??é ;ﬁﬁ;&g{q eg emen &%} Sombination.

f Angardingly where sacingoup aiftelinments hasamiot substantiallsnenextehsive mutually

F
oA, AL Rk, Sl M5y SNARLAL oo o rsonan
a@smaé% withronec ok theatracksyprother ﬁ@damvfeh m@nance @is@mated with the

Viofyr OJf thel Gcky) aﬁataemﬂa ﬁ:ﬁaﬁnentam%an&é %o@fatéd“ﬁlth the composite

C tl ndrl cal ufﬁlg ceﬁ)%gge nte qréa‘fé}% etiurdresonance
anmbenﬁm;sﬂmm emha&;sami@ tne@bngtﬂstbftdages of the elements. In

By a0 B bS5 b Al s o,

afrequeney o€ thd thirdyresopheoe, cani il tersddiiffemaily, andetm gréater degree, than
AR ol SSEAACRIAE, Wl BNAEL ) o oot

Fi gure ©
2%@1‘% ghath dhey ghird, ﬁleqmcrﬁfof reseuAnan 98 bt brmhbngoenrta the other

OfesbhdHt" uérﬁuésososﬁat A0 ehrd0 b gﬁé‘ ﬁ%y&b %1%5 aRMider bahnd of reduced

|nd|c,at|n %Fnere ﬁces whi e optaine
athsgrioa eived ki therpbaierdpacsibsd prigr gt anteonas, at least
Rered givﬁﬂ résonkh Lie.2ih thid eaRatHRf badarced ShédkstdfA@sonance in the

S|mlar that shown in British 35 Patent
ﬂ'“gw”ﬁg 2351850A has an antenna el enent
struct ure conprising a pair of laterally opposed

g‘PBm %@%A%%Q&%goéyo QJ?;’QE@%? éguggﬁf LAt "g-B’ %g% §longate antenna

t elements vitlt ashtgroup haviniztue nmwdimadmanteduehemnts, is one preferred

SRS AR IS AR s e
b deiimes] Tomethes aoh clehpe bebweoann thesp acparaligusided |ghannel, each

' aéléﬁeﬁtqlavlﬂ nkinddfed ifierloeod that, in the context of

an ant enna for recei ving radi o- frequency signals, the
term"radiating el enents" refers to
In an alternative embodiment, each group of elongate antenna elements has three

elongate elements, arranged side-by-side. In this case, each group comprises an inner
element and two outer elements. Preferably, the outwardly directed edges of the two
outer elements of each group are meandered or otherwise caused to deviate from a path
paraliel to the corresponding inner edges, and the inner element is 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. Bmbodiments with
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woLhiMissthng the antenna to the conductors

: ﬁ I ve | oops, each antenna

el ements which couple energy fromthe space

BE'&GBZOM!OMI(B

antenna for feeding to a receiver. 5 Each grou
el enments conprises, in this enbodi nent, two
coext ensive, nutually adjacen# and general ly parallel

are g’??g"orggg’%ﬁfﬁlge ?'Br g%ﬂ&?%agﬁ&w%%g%w CHSOfﬁaCﬁonal

Width awl/er insertigudossf a ceranic dielectric material
havr ng an relative dielectric constant greater than 5,
pically 36 or, 10 higher. The core 12 has an axi al
pﬁ?s%@ﬂfa dgperibednaboviechaveepastiular applicatjon tindhe feguercy division

aﬁﬂ@mrr-moq-efﬁaﬁ% aﬁ&ﬁ‘éﬂﬁhﬂ'baﬁ@s &2110-21701\41& and

di el e | cC i n I at
ﬁﬁﬁ@ﬂag@%&y They gom, o o apphied egg?n& Saripgation bands such
eshe @SM-£E00band-(17001880MI), Othe mmeeo BXAB( 1850 1990MIHr) and the

tgiﬁggg@ﬁas b i@@ld#@ﬁt%‘ ggr ]:)ﬁcler néDlgffrgsn aCore He

proxi mal end face 12P of the 15 core 12. The antenna

IR 04 Gt W ARHRRE AR HERRAD B8 ERRS i iy

tracks on the distal end face 12D connecting distal

Pgte 0fis taﬁﬁarﬁ!»c%ﬁ?@ tv%evlr oh &&e&ﬁ@aﬂﬁl&aﬁ@d LRRARS havmg two laterally
structure. E ‘H’i tereiratrq el enents | OA
PRR9SSH BRaURE P g"lé SREsiRIFmeRtadi al porti ons

are of approximately the same physical |ength, and

25 o ot O A 08, om

ofitenacofdiigare do and as dxlicatiohiof dieirdezivation;10A, | OC of one

wi dth and a second elenment 10B, 10D of a different

wi dth. These differences in width cause differences in

- BigweasriAalB pad gChare mspectively ra@lamwerveoﬁanaateinna warecordance with

Hﬁ' iﬁ%ﬂtibn?laoé'i’&b iRy SF SHBNLS -an %ﬁn%;erren tvfé\f 08!;}1? gyhndncal

the antennaeansfosmed te plageic ormon vi rtuaI gr ound
conductor in the formof a conductive sl eeve 20

ur ropndi a prox end .portigon _of the core 12 as
}5 % E@%@Pg Fl&lrﬁacfﬁ% that|of %%'r%&r HeWing respnangss obiained with the

- sitermaef Fgurss 3Ano BQ; togetRp Rtil@dndieatibieof theiririohtidd e

axi al passage 14 by conductive plating on the
roxi mal end face 12D of the core 12. Thus, a 30 first
ed &y tociC amnmspectxmly, oiam, sidef andrfinalashs vidveseiid second antenna in

mag&)@{?] el ements 1OC and 10CR, and a
secon (Iiill‘egree cotgductrve | oop is forned by

el enents | OBR, the rim 20U, and el enents | OD and

BighiB 6 @%oﬂﬁ:? Rh% ﬁ%:ul% "B EBa?‘P of 94 o%é B derivation of

feeder s t@é:ture ore to e ot
olligwies SArtadGiead The resonant

frequency if one loop is slightly different fromthat

f h
19‘1,<g;|.u'e3‘7515t i 1%1 m%catmg 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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At any given transverse cross-section through the

tenna, the first and second antenna elenents of the
W&lzg"(m@fﬁﬁp | OAB are substantially dianetri cal IRCT/GB2004/001109
opposed to the WD 2004/ 086561 PCT/ GB2004/ 001109 6
correspondi ng first and second gl enents, respectively,

of the second group It will be noted that, ow ng
t STergyHntedhe éﬁ?«%?@d)ﬂlera@fﬂﬂ@ée At Wil ba upderstopd that, in 1he context of
arageEbninh for&&béivﬁ& radib e lsZ%nalshﬂ:ef tefid FreRliimip M erh&fs” refers to

st Bishys O PR &e%%éc%%&hﬁ&ﬁgi%wwe sonductors

t lod thel adennh forfpeding taaeedeh@k,udi ng 5 the axis of the

core 12. Additionally it should be noted that the
circunferential spacing, 1i.e. the spacing around the

cdiach gvoupef relathents @Dgipbseza; iin ghxsl anbodiment, teacboaptensive, mutually

| %&bgﬁ?na%ﬁar e ?Ia%?gr O eac O 'ef%m%ﬁ;uf()%i(%mmé 10D which
t 87 fiapesed g the optepeylindrigal sunaceiod ag andenngiopre é% aradeg of a ceramic

gaxe%gw ﬁla&rﬁtl m{hﬂg?gg?rag?g Sllcirécrug@ 6%@%6 nat&%?n 52 lcally 36 or
¢ Bkt Lhe Fore 1 el sial martage i il an donsr Spagalli 3:5% the passage
bé# deasing e stiskimer feedad coittaciRt 8 Sureodndsd rtg #fdidlbric insulating

el 97T spitr e T, AR R iRl Reefi B % comial foeder

t Siamﬁwcs\shldm passee akiaiprdhirdugh tthe coreckPefront & wlidtalr endiface 12D of the

SO, P i S L 58 1 Syl sl 10 or e

asqral12. phei antenva plementishruciyraineludes corcspopdingeadiel dowents 10AR,
OiOBRLel I MDR QormBa é%h&ﬂ&w& *&‘aékseéﬂ 6! distal &1 BKE qblf') connecting

o 8h e of g il 5 40D ot e Bcyien e clongat raciting

Oélementsr i10ACGOS1ODY , idchelifal @ejirh oﬁﬂﬁ t rhdial portions, are of

A ﬁaeﬁ%aeﬁiﬁh?%ﬁo 8 s b e

aexeowting sbalf turh aresiddhe exis of tlef dope 12. Faeh gruwpl cffela@peartecomprises

kg %%ﬁg JOBT Z0CTGE of PR 1l o dePrld sfe&%nﬁ”ebﬁe 1D of a different
Jihesecdifferences dm svidil f,:aush differentes intelecttical derigths, due to the
djlﬁgﬁh&éé ngﬁ,,,at‘,g%gc ?Qﬁ%ae%g t el ectrical |ength.

result, signals a end of the feeder
structure 18 are at |east apprOX|nater bal anced. A

Ty fore copfpl @lﬂco?ﬂg&ﬂrﬁg llﬁé g%ﬁ:htzeﬁléén?gtélﬁg?gtqlror% to 10D is connected to
Fﬁ%ﬁﬂbﬁ@? S SOmman, grqqqé oPdBeR Iche form of & cpadugsive sleove

"2 safrfc&mﬁmgeh)pwﬂmataﬁd pdrnomdfhﬁegfo%”l(l éﬁﬁflﬁﬂ@%ﬁﬁctor for the

Slerhdis 20A 1o, {91036 Yool 2005 TS snBor &b S B of the axal
dhssaga 4 by @Qndmﬂv@l‘platmg mn!hf: pmdmﬂheﬂxbfma 12Dl dfthe cotehk?. Thus, a

1500 59 e AR KPR ey bt 4048, 168Prim 200,
elements 10C and 10CR, and a second 360 degree conductive loop is formed by
elements 10BR, 10B, the rim 20U, and elemenis 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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30 Since the first and second antenna el enents of each

W8R8 B, 10CD are forned having different

aeCt P OAl lengths at a given frequency, the PCT/GB2004/001109
conductive | oops forned by the elenents al so have
different electrical lengths. s a result, the ant enna

ERRRo e e v L ssond EleBienty, FRREHTElY. DS Somd frtpgoC. Tt will

vhiedndied Fiat,t dwing lte eaok lselicAportigh t@rﬁs@hﬂg&. haﬂﬁmm grofund the axis of
ac 0 ten m

SA0%Re | 90, PBL T onlh e pficel ot MEeh Bl oop are

faaﬁ@matcbemctbc samoplanh es ficin Rowhdéndshthelpdinerbesnga plane including

%Qeaiﬁ%ﬂﬂﬁfd gngaalﬂ %h&ﬂ&% Emﬂgﬂthé& tial spacing,
etween t errents O eac group
2@0&‘}@0&@5@3 m@mﬂwﬂw haurige ilesrents ef each group is

désarihgl thabb@weed HegeeupsO TRRB) @MBeRy llammdl 1B 4r8 @lcAbs ©'kach other
@‘E cond ctjve @gbgs é]hom one another at their
?]aas“p ¥ Pirdo e elrmay ¥ cies. This is achieved by

form ng the channel s vvlth an el ectrical length of 232,

ff .
er e %'%ééeﬁgrs ogVe ?@ 5&1& r%g gt'tlﬁ‘%gf'}? lg : ‘Fe“%tﬁ%geelz surrounding
(ﬂ%@@ eif Smllreclﬂ?dhmmatmﬂﬁlﬁ the cbreDfiling rsdbstgltid]lb the whole of the

[r:gérﬁ{ ¥ ltﬁ%glr?%% a%nn e@ofsﬁl ?%gg}cgﬁ(ﬁéz?l ve izl gassage 14. The
?fagmaﬁenmﬁﬁ/ g &l eﬁ'é‘?: %% and cplating. fomns ia dalusnge ti%aif signals in the
tenanRsion! AP, forhbd BAURS MadddesmiuitoliBagR @Shﬁgted between an
ent ,at | oc tions adj Pt t he endangf each 2J2
Bribalanked atg ot Pweum%g? of the abalanged gtate at an axial
podition abevectie Iplﬁ:le of e uppee edﬁe A0Bof BRfkdedve ZOGW&E this effect,

B 150HIR of 8 Wiy i Bichdtne e B of mdegiying core material
of salatistely bigh daabahe constafig daeebal?h hz@bﬁi%uﬁmoal lepigtthef about A/4 or
005, o e TLEIAR0 Yaokl AR R | Bl € e materil of e

pidenimhas a foreshorioing) effept, itke hrxivdan space sunmmimg fthedmer conductor

ishﬁna@smﬁtam%mg ﬁe@gmggfﬁgeggti Ilgefam%%hféimtsmall dielectric

frequen of
%Péﬂlﬂé y edersiructyrp 18 listallinefihe sleave have sharyelgrtrisal length. Asa
te@glg ?ixtgﬁls fali: QIE aieal éﬁﬂhﬁ’f trhggl%&a?ﬁ Légaﬁ;ﬁirg Oﬁgiaﬁehz\%/%geéét approximately
{’ﬁiﬁ"&ﬁe qﬁﬁéﬁ eoﬁl%wﬁ dhat for ﬁquawg%scw e region of the
@mnigl frequthicy btﬁ ﬂmﬁaﬁa;h e rﬁﬁQbLDéf ﬂi&&slé&vb% i8 'U%ct tively isolated
i en o ec

bl 8 ol HeBreb e Dby i arber Fopior AE S fredsr Shrifiere, This means

that memlsou:mﬂaﬂlg bd:veenZﬁeTMenﬂaaalmientd 10ABto 1IDED are confined

 hftanf B o "R SRR ¥ FORGg LS Rch the amtonma

lﬁéﬁﬁﬁ’ﬁlﬂ%ﬂ)ﬂ@ﬁmcbdmoﬁpance into the sleeve 20.

Since the first and second antenna elements of each group 10AB, 10CD are formed
having different electrical lengths at a given frequency, the conductive loops formed by
the elements also have different electrical lengths. As a result, the antenna resonates at
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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Typically, for each channel, the length of the channel
\Qﬁrhol % Iocat ed between the elenments would be no | ess

4 Wﬁ where L is the total physical | engt hPCFGBRB4/001109
channel. 25 Other features of the antenna of Figure 1
are described in the above-nentyoned British Patent
Appl i cations Nos. 2351850A and 2309592A, the
di scl osures of which are incorporated in this

aﬂﬂiel lmytl‘o Rfbther eH-@helBCoe TPanpls RPBLhiEA sabftantiil isolation of the

© RABIEYE GebtiC oy G TR e b oGt Ve, SoSgpAe, focughcids.  This is
Flaghneeedey fulrindry the charthels W—‘ﬂ@J Bﬂﬁhcﬁioal lenpth of N3 eortiddwhere n is an

558 46 18§00 e R o s o
t weydwm lﬂhs‘.orllom lzmmdmg thh chatinels K A0B, YR are ajsy 3/2 or nMZ Ata
1yesob@ft Frdqudhdy Sdle & ﬂ&ﬁg Ib%é gl YRiidg ﬁvﬁYé £ Rt up over the

res Leng&x sonance 30A el ectrica
I éﬂg“teh ph dbe resopagts] °<9Pe vath pqualavaluere o8 voltags baingspresent at

?!&aﬁbl%sﬁijié&gtﬁb%%dss ?ggaai z gﬁﬂngﬂ i o= 'ﬂlé)fegldﬁ§ Z)gtth?/ ends of the
* EBRAP BB o Whef 558 O Ohe Jorelis Toniling, e ARREEE bletents which

r §gpepart ofthemgnatsonatinglodp 3NsolafdRran dhnaljadent sisemating elements,

S PRt i B8t S Bt e A oo o

afpvi cWhen thexother cenduotive pathHa resonentp ﬂwo lcwptlh ilikawise isolated
N"Reéf e f&&\?\ﬁﬁtﬁ%‘:ﬁm W3l Giinidried SR @Rl | Cﬁ‘ﬁ'egﬁ&ﬁ%%f one of the

res%@ance an: assocl at e éur r ent
plivespaths esitation oocuys 1gfhat peath s wifhilgglatipn from the

. otlecpsh wnqnnéwgﬂiat 81 18asB&k0 hﬂ@amﬁﬂﬁlregdlﬁﬁcésfwe Sihasded at different

e °f FSTRER 19 s B e 5 B o B sty

1ﬂ1|iium§ﬂp vdxeuphe athebistateesonadee. I 6B 606 odfhdre dikhaliydsolated low

n _be adjusted by adjusting
tzﬁné;epﬁu r}% ﬁ?ﬁ&ﬂeﬂgﬁ?@‘dﬁ 9 8E%hi ch isolates the two
tracks from each other. In general, this involves

fﬂ&%&lﬁ:ﬁ%@ﬁ@éﬁ 2 16&1%1 in.IIHBQS‘ @v&ﬁ%& anit 2. clements 104,

di st ance I nt S Circuns
ab1ACy l@lacrnsmnvaim ang| lahamlauvelmmall @ mﬁmesleeve 20.
ABypicaNy! Foraxd 51%99?%3 Iieﬂg%h SFUHhECEHanh 5@5 r%hs ted between the

e o 5 e e o B e
neets the rim 20U of the sI eeve 20, such that either
et IR 6 RS R e 0B 50 e D BRkRhd i
oot t Applicatiths Mose 236885041 amdo220950R4, fthe qlissicsuess of which are
GRGrpGSRATN RS afSIFRROE DY ekt N 1 ndi vi dual

‘The applicants have discovered that the antenna of Figure 1 exhibits three fundamental
balanced mode resonances. Referring to Figure 2, which includes 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
). 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 32A,

32B around the element 10A, 10B and passing through the slit 11AB, as shown in
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elenents 10A, | OB are determ ned by the respective

bezagﬁoe ths which, in turn, set the wave velocities

ignal s t hat they carry. 20 The appl i cahtyGRa00/001109
found that it is possible to vary the frequency of the
th| rd resonance 30C differentBy fromthe frequencies

T TSR0l s ke

er re
h s alsgp a}pgctpch@od«h easpaanceewithwntassoigted ¢OBnt 10dch is common

a0 otk Lleznezits 10181 101 ahd vﬁﬂél? hEPsh aSEHBRed }Qgﬁéﬂ: field 32C

W t h es ect to t sectlve hel | ca at h
SRS ok 100G B TS5 Wity S bing Srongh the

fehgomel or Sk 1mbemmﬂﬁltymcﬂiémeﬁt§ doadpes.10AC, 10BO,

LOCO, 10DO of each helical elenent | OAto | OD

deviates fromthe helical path in a sinusoidal manner
a'll"h@ngouphhg bobween the resanahessg30A, OB dusrierthedgdisidubl tricks can be

| ca &fg&’tp%lg t!il“aT ePgt{l %fg%ecdm ‘%eﬁlﬁwﬁb%ﬁgtlﬁtg &ﬁ Iol'ggg tfacks from

Qéhez0 Inegenemali this invalves! fom:km the1 dinngheo that it passes a short
Wuﬂ@l 8 afebve 90, f
‘I’Hfs Ay Wm 'xﬂﬁ each helical element

each qrpo
308010 %0 Betaia g a ”v%apﬁ@soaae e L) cnt fuceof o
Gbreol2 (Ffurelilandfshort Girouired 4thBe dghdr 3hHONS, Bk ehfiSvhere it meets the

AROREL 1 BB 0 e il ok osb by i g o any one

elepient ori@h) 18 Suiithrts ekisbdie tofthé hbseﬁ%ﬁﬂhﬁ%nﬂfuohb e
out er nost edges of the elenents | QA | 0B, |QC, D
is to shift the natural frequency of the
pbave, meqjmmes of 4hé resqnamey associatdd withethd Sndividual

Sl ) 054 ki MESRUFCp e e Y o0 i s, e

pre

N

conmon- curr ent
Pe¥s N 1%85WFWSMGMSonance 30C (Figure 2)

has its highest current density at the outernost

slMOto and altering the anplitude of the
TGl oohi3 Hate Hnd g e Pasablovo arsy he Heauensa of eaesbisd resonsnce
30C diffaetitty fromithe foquenties of HeMaRedRS e!éﬁaehh&sonances 304, 30B.
i ndi vidual elenents (i.e. the resonances 30A, 30B

Figure 2). This is because, as will 5 be seen from
Ini ther preferrathembodimeat efl the tpheseht) ivenfibn, tHie i€ dofie bySforming the

re§%ﬁ%%%§9§?8wé?§eb°u¢ R T P——

m@s‘m ¢iomspeqtivpbelical paths, ahshoval rEjgores 3A to 3C. As will be

of t I ndi VI dugpgeﬁgﬁren?t%teﬁ?q% ’11(9%'91{1?@31%1)0 of cach

P’@ﬁﬂ‘i 104 pe 1912 dgvintes fram sheohalisahpath i dg’emsojﬂal ma@nner along

the ewBsle SofLigA lérpH, OTHeARnEIC edgtRESF He aBmfe i{}ﬁ% § ngi) are, in this

resonpance 3QC.cl.oser, to_ the sonances 30A
Sl ept, strictly helical and paral{e? to each other on opposite s1des of the

respective channel 11AB, 11CD. The sinusoidal paths of the outermost edges of the

....U

| 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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Figure 4, to produce an advantageous insertion |oss
characterlstlc covering a band of frequencies. In the
WO20PHH63( exanpl e shown in Figure 6, the ant enPEr/GE2004/001109
an operating band coincident with the | MI-2000 3-G

recei ve band of 2110 to 2170MHz, and a 15 fracti onal

bandwi dt h approachi ng 3% at -9dB has been achieved. In
arresgnagt meade wadichyrodices nesondndet B0C (Rigwrt 2p has dakighest eufrent density

Sfaé?é%?@%ﬁ*‘%ﬁg FoRto RSO 43P et € BHARIGE, g thg moandering

Fitgeesetbe srequencsoot theitespnanee 306\ a fstes spto thiamthet equeacies of the

f
;/:19??1@51 glleﬁiﬁ%ﬁﬁ é%/A&éé %g@%rdg& 3 &h?;m fﬁhi/eezgo THid'R because, as will

c P dﬁ*&%.%}ﬂﬂﬁe PRI Witk ieure 36, thorumBH aesoringed with the
t @on:tdnm-émeeiﬂ rmeds, pedducihg fRenAREe BOT, %@fgmde& along two meandering

E%sn ?@‘E‘% ?@P&? el lelo) g%o&é‘ge B eﬁe‘?’&bﬂﬂie#ang?ffd edge and one

I wauhéemmﬂmbaﬁe afithe aslividbalalémentb yOAab T0Dave
channel s 11EF, 11FG 11M 1111 which, as in the first
enbodi nent, . extends fromthe distal face 12D of the

cdibés vasiagiontin the leagth of ghe auierhostredgesobtheiclaments H0A iter 10D can be
t%ﬁmwm&h&% sac%sfepto’ﬂfﬁerééa Bmtaﬁg'sﬁ:a as shown in

e?, r.ou i fferent averag e eac
é&%’é‘g Wﬁ%man% 0s$ ehmtemcacovgong a band of
cﬁeqmmsdulﬁ@h aiudsmm xeRlOsH A m fH Pigfire |tEéTEﬁEﬁ1aoﬁas an operating

R, o ea‘%ﬂﬁm“%dﬁ%eﬁ@ 0 5 8 bt B i, o

cfraet;onai handvedthappsiackihg 8846 4is-9dBchas besreaihievie@ER and

| OHR. The next wider elenents are those |abelled |

OGR and | QIR and the w dest el enents are the

117eﬁ® ﬁltgmahve emboiliseting of ¢he inwention,cembogrove of mniensa elements may

QQ +le fs fﬁj rfdd]gl%% :lb‘leagc! aig?a% shown in

o%, Eil gure 6 |t oe seen
C

A 95, iyt Viewsonsspansing o fhearioms of Bigores 3A to 3C in

M#&ﬁv&bﬁﬂnéﬂsﬁéiﬁﬁﬁﬁ&ﬁdl ngly induced magnetic
i el ds 30D, 30E, and 30F, the three-el enent structure

offers shared current nodes WO 2004/ 086561
B@b@?@%ﬂ)ﬂéﬁﬁﬁt hat@ oaﬁ% nﬂi@ia\diaﬂ ofidh! IOERSto@IRQbnnecting to

e FERRE Sttt 3o 3968, oy %fé%%tﬂ?m“?—ﬁfﬁﬂf@@slemzo

msnf(spmdﬂn cacrhﬁrauprﬁgﬁ,el (DR; 101G; 08, 40h €180 iaregseiparated from each

dt?é**b? sl S0 e 130l 3 $Permbodiment
mﬂleecb@takfm b&&oﬁaaemmm thefslacive 20, asishiows. of

the eI enents | CE to 10J and neandering of el ement

can be brought together as a collection of
35 Hitiony 85 G e cethodkment o8 Fhgurhs Aciar i the plementsgin cach group arc

@fdiffetoRe average widths, each element within each group having an element of a
corresponding width in the other group, elements of equal average width being
diametrically opposed across the core on opposite sides of the core axis. In 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
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antenna is configured to produce resonances form ng an

,wgaﬁé‘%kggg band corresponding to the GSML800 band

I'ng from 1710 to 1880 MHz. 10 Referring R X! (zBQ94/001109
Figure 5C, it will be seen that in this enbodi nent,
the outer elements of each grgup have their outernost
edges neandered. In practice, the inner edges of the

FAstesiated srhewrantsopommondy r‘fSP@F(“P(HaIWEﬂf emgentp dproducing magnetic
NEAAOB0® dnd Bo tafd %ufr@@@ QbmabRa! tb aldBreet aaﬁeﬁt@ €producing a magnetic

e o 55 G- fF GWE 08t (s apfoce ofer six

tfhadvaerdali Hﬂbn@ﬂ ﬂxbdarremmcee awhilah, it apﬁxeﬁnaw :mjusttiment of the

PR BB iRl 165 o 137 4 SRHBeRRE oh ERincok SagiR cap pe brought

Mhﬁelsambliacum of cou;ﬂcdimsanans@asfsheﬂnhg thure 7. In this case, the

(otforR SOOI BANET &Y prRUn A RECA Bronllf) A1 BOU LA Kiiresponding
4o TefFSMS00 bang etending Bomu kil fnd 856 MHs.

d|eIectr|caIIy | oaded ant ennas as descri bed above are

Hiedring Bovts i bighne S0k SHILPF pepmafatindis crRodhReR: fog ot clements

Saf egitegronp hhee ﬂﬁh@ﬂt@m@sﬁb’d@%ﬁhmm HRtRAGRRS the mner edges of the

g%(; rLbed agﬁﬁfg@if }Q}_ﬁ)nai(ﬂncedﬁgo iz? a?%pgfp’,gb%,s pﬂl osa Jesser amplitade

m‘msﬂlblmeandenng)bbtheanfteﬂalgesa nThea adgesoofe(he ignek lebements 10F, 101 are
{bé‘p@% d and a second antenna 25 covering the

recelve each having a filtering response (as

shown in the graphs included in the drawi ngs of the

WESSHe BRRIVEA O agﬁnﬁfhﬁﬂa _ti%‘re%eﬁeﬁsh?%ﬁ{e tebihigues described

al lows the expensive diplexer filter of t

aboneg sbmeraiplisgiivns anhy reguirei stillsgreaiet bendwidtle. Far mstance, the 3-G

br oadban antenna nd a dip] exer) to be dlspen ed

WWe pnd, frapspt bands as spep Mms@er IM% 900 drsquency allocation are

Fﬂ%%\é‘&% oper a‘%ﬂ n@du%@q@é cres 1 n \e‘.e%lgge;ﬁ’eg?y mot be covered

Bsa @Milzgle cARMILA S I SifceddieRERIzANY-Loalbd ahfedHaRbd U@ cEBEER abdve are very
a solid material having a relative 5 dielectric

soald tah ithe freauansiestafdhe -deanéacit mmm&ledn meund 9aplurahty of such

a. el e t Sty d or, adj a en e
%ﬂ 'é'l[rg‘l st fla g priobike #E?PZ‘O erﬁi? % above are
Dalandi dde taRCniRd Whidkeih 186, éx%eisé!ﬁ{dd”ﬁoﬂefﬂe”ﬁ&dﬁé‘( $8nd. It is
core outer surface, whérein the antenna el enent

 possihle do employ ai fiust anteped coveringahe rtedrispit bpuk entl grseopsd antenna

of conductive elongate el enen each
‘&%Vr?BPBs ﬁgrenw%kva%cgoeaglé@awagﬁ@m STROPSE: Kas o} s the graphs

F{ ngt s at a‘ﬁjpﬁ%geifcyav&& Qsh oper ? ?;re%kfﬁigag@gfc)l?and. This

dltoves thke expensivd énplm(eﬂﬁﬁemﬁhe W@ﬁoﬁﬂ%ﬁpﬁ‘ﬁch&h this situation (i.e. a
{Je ectjive first ends at
roadband antenna and a diplexer) to be dispensed with.
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| ocation in the region of ed connection and at
respective second ends at a Ylocati on spaced fromthe
feed connection, the antenggiglsenent structure further
conprising a |inking conductor |inking the second
ends of the first and second el ongate el enents of 15
one group with the second enps of

O,

i ' siacexudss of
ol oo Stideeitdlydowen. GROER o6 TSRS %‘ﬁ?‘fi@fj e
el ts of.the t Léeara of a edlidambde AV FE
GG, poytprisiption o/ uffefy Rauldetag of

e second elenmgnts of th
: Qﬁ&%é&i’sﬁhpgéitem 5s®tasd conarstien @Hc?&g‘ﬂné gf‘err)xiae}l’ffn’stnmmre
such that t

he sai d paths have i l’t}%l% £SNEekd stke ocoupying
rdbsposesin aradigersb theuiter I cﬁ%tﬂ%eéog%i %t%d and eac

O otk (A" e voEaH. GBRRP By i ctro dutee stifadel YgPesain the antonna

en back to the feed ,connecty . te
V&t Rtradture @amiprismser pAit ofhlateslyerrescd R IR %ﬁ%&ﬁﬁ?\’e elonga

el ements conprises a._.c CL.i Libs@Rtid asive elongate
salemenss, egeh gI0UP cpgpa@psmg ﬁfg&s%drdl’ %‘oﬁﬁdﬁ bdbs@RtiAlhe coust

, avi ng opposi ng, .edges .
Oelild SHEH oy Wtibient Aeccthicalaongtenal adraneeg A AT PREring
1, erein the or each said co &t' or St [ddpefAR firdbends at a
ofpgpenacygband gf she pnignrx adoie 908{"1]1%# gé%hy virtae of the

opposi ng .edges j A respective seotrehends at a location
a g%ﬂo&i .&‘et'ggle?gf%g?&g%gcl al ranh%?a%werei n thatefF%ﬂ e ngisinga
t{}ﬁ:&f bR thaiiéedeonnedion; the sntenna plemeat HTYFETe % APEP .
el“enent or elenentsg in its ar i el fehetements o
eligdngwonghctps linking Wdo?ﬂigygegﬁga@gggom o =

el ement s ds 3D, fdnamhiceombelemenisgifitge ogher group,
cPug gorr c‘)’sr%{hc g??n&qzl,alb\%hsér ein at | east one .of ugpfoo d98snductive
Ofyhkiaby @ie fimt blemantd of Shel v iShRPS (Pim, PRI of 2 fiEL/ eg’.

AVENDED, SHEET 185 00 401 42005400 ford? #ha second looped
Aty Aad é]&"cé?ct?ﬂigéi?r cng%]éfp@éce i h%?aci) m p\;\E‘A;‘erei n tt%%quencies

{ b ShucRpaRE Gadtithat k esig peths ShendiffermblesessBie BEBHR)

have an edge which is gn outer t soflf RUkhe linking
andthbrotthe ceidebandsand ¢ emglig‘?fée?lgt anq{oﬁg&i%r?ner

edges of | ighep! borkb@tiong wherzin &t deesgme of the said
Cdg e B, HCABAI dhoRl§ TR iocOborabtiony

ing to claimb5, wherein the said
oYl shtcaitanadts compriscyp SouaHYS Lrimen g’ﬁt‘%“g‘?‘ﬁi’/‘fm of the core,
parallel to each Ofﬁﬁér' glfﬁght na according to any
ofthesteip heving GRPOSING Rfigsof Qeht 13 ger edges are 10

each neandered over the major part of their |ength.

2 Aq antenna according to claim 1, wherein ihe or each said conductive strip has

opposing edges of different lengths by virtue of the opposing edges being non-paraliel.

3 An zntenna according to claim 1 or claim 2, wherein that edge of the stnp
which is furthest from the other elongate element or elements in its group is longer than
' the edge which is nearer the other elongate element or elements of the group.

4 An antenna according to claim 1 or claim 2, wherein at least one of the edges
of the or each said conductive strip is meandered.

AMENDED SHEET

004 24.01.2005
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8..An antenna according to a Ceding claim
wherei n each group of elongal2 antenna el ements has

t tual | dj t el ) . fret and q
ok R ATk Mot g ot
?@éaﬂa Rldmentiaofeach fibep bane a3l adee Whick s pa ﬁg{eﬁgosi_ﬁgge gtr_ "
eq?xglr{;gﬁ{ gwﬁ%ﬁoﬁge&a&? Mgﬂé&%&ﬁhﬁ%hﬁ@%ﬂ@d&wﬂmh saidad¢ments of the

neandefed outer edge. 10. An antenna
egp.di ng to any preceding claim wherein each group
of elongate 20 antenna el enents has three said

el ongate el enents arr ' = SheélGaid hterMOst edges of each
dnt ennéna?@&@nﬂiaﬁﬁ)r? “%%?@hni%%vﬁ%?g?ﬁ the outwardly

d#grbﬁp&eguwmpﬁarﬂt@mmheiheél enents of each group

e neandered and the inner elenent is parallel-sided.

25 12. An antenna according.to.cl gi Rl Torkr edges are
| 2ast Wm%rm&“%g’éﬁ%émﬁg tg]eéla’tc he\éér]gup ha{%. a

ngﬂﬁgﬁ%g&rm‘gfﬂ@mo@mdtmwbed i nner edge, .the
anplitude of the neandering of the outer edge being
greater than that of the inner

.edge. 1.13.
ag.cor diAngartennaapcqydiag &) %P@Fegliu% cg%ﬁqe Siherein ﬁféchg'ﬁgﬁ‘ Bfelongate
e1,9093 15 m 3k 128100 Bl mfatent elomonxt end fr om t he |
|

onnection to the linking conductor, and each
has an electrical length in the region of a

al f ‘
vgvel engt Mtainamactordinganciain § Hwhereln e elprgaly Flﬁglents of cach pair

frequency band: of 1d.b@s 3 84HIR bekdeen Afernaparatiel-sided channel, each
ag%"grdgﬁ?%f’ttei&gﬁlégljlm 53, V\hF%re{ei n the core is cylindrical
arldmentchavingq mepnders ARET P4ET- conpri ses a f eeder

term nation on an end face of the core, and wherein

the major part g i : Whdreinacie peop of clongate
c&Ppri m%"@%"{dﬁ%glﬁéég gercsév%ﬁ%?g%w’ex gu‘i?‘ cigdgalf
t ghiBrer demehts has thrse said slongalg elsMepRETYEE °X ?@’ and

wherein the linking conductor conprises an annul ar

conduct or around the core.caat Srord]l§ dirédEdNEAgs of the
SHBET An ghiepia septplipg 18 i TR, Fftefin PRty b

13uikbeledeninf emharawrae meagsioresd and theinner element igp e}-sided.

axi al feeder structure extending through the core

fromthe feeder conpection ' 4rfobements of -
326 1 oAn AEREAHAOEHE PhEn gD Pgti Rl LN rs o Rt Bemerts

erein_ .

t RgeH srdlh Res & eenddred outeryige sad aanBneHRd HET §L8% ﬁgea‘%phmde of

connecting th ' oo Bhanith of oy creedge.

eltg‘h‘é‘ °ﬁﬁg9ﬁ%§%§5§%ﬁa¥uct ure at a position spaced

fromthe said feeder connection. ] . "

13 An antenna according to any preceding claim, wherein the said elong
antenna elements each extend from the feed connection to the linking conductor, and
cach has an electrical length in the region of a half wavelength at a frequency within the

operating frequency band of the anlenna..

14.  An antenna according to claim 13, wherein the core is cylindrical and the: feed
connection comprises a feeder termination on an end face of the core, and wherein ?hc
major part of each said elongate antepna element comprises a helical con.ductor lwh}ch
executes a half tun around the core centred on the core axis, and wherein the linking
conductor comprises an annular conductor ground the core centred on the axis.
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An ant enna accordi ng r‘%cedl ng cl ai m havi ng
a fractional bandw dth of at .least 3% at an insertion

| oss of -6dB. 10 17. A di el ecltsri cal l y-1oaded | oop

antenna for operation at frequencies in excess of

200MHz, conpri sin n._electeicakl 'J&;é [ Ecepfstructure
alsol i dudPErRRG W@r‘ﬁﬁ elrai 5¥aﬂﬂa€}i"’ngmll a re?&gt i&gapq

P - dighfidy thougbistcard fromdbe federegpnestion op éé‘dstcggﬁ fareiof 61?13 c'ore 1{0
and an antdﬁ P8 ?} RHEEBlre, Shd Ushdstia heshaidegl conduptor comprises a
aflj 5w <1 e ’

e outer surface,of the cor | .ats to the
5 conduttive derte pouRAeHng s s osegqogﬁeer% r&a@g%?%%ﬁaégag% S
oGt TRt apg?ggiw dpacalfpdm thresaih@edan chrrpelon. and
erein the antenna el enent structure conprises a pair
of laterally opposed groups of el ongate antenna .
el &mentim antermh agvoadipg foany prgcesing clam %&a“g"mal bandwidih of

Plﬁt:ﬁrg%k%‘i’oyat%gs&%ﬁ%ss gPmpduct i ve paths extending froma

ermn to a second termi nal of the feed
18 connection, and each group conprising first and segond £
sypst any igldeiticalipidaded laop @fenah Serpeperationdt fiefpgcies in gxcess

% oM helhR Ufeolical P aariod Bt of & blid dlpbtis rsrial baving

i'n "an oper at | nd of the |

whirelbtives dieleet coRsIZgH BEFSISH AP &fbfgifg‘iﬂ‘m?‘f’}@“’ %‘HO%P el Hlement

Yy - S F&&c@uﬁ@ ﬁisg|65eh 8 of Bfjacenttirronter satfadcad the avees Wikreim thesarehas end
efongat

5 Sl A e ol e e g e
O Btbahergin thelguts el mer skruatiHE COPPASSS PR duerlly oppysgd Brovp
al.¢ ell%ga% %%ﬁﬂeﬁ@w tehsh grabp FamidnpanoReach ofie plurality @i looped

clarm e

to A rein the fee i i sl foed
orfendyptiye Bot AEE L gt St dSRUPA ) £'3pgcnd SEFRACOP e feod
elogr@aiich, elndnedrh sgrotp tompysingpfisst end sesprdcrubgtaniialis, gff;mnswe
R N@cki ONAEnd fhithahdvieYdifbrea® BleeGichn engths natnd drequency
20 Oﬁ%&fg&g&a‘g‘%{&ggﬁﬁsal d end surface. . .
arviiman cosceiu g 05 49 e Ao v i DYl on or agfgoent he
StefdeubfiSes di0fhe RaFe Wiekein dy deasbone ofithe s7ad clongete (gigragnts or or

C e dh i iy SR ATt Bting Gk RRLET opposing

edges such that the opposing edges of strip are 0 fdifferent lengths.

"\
i

® 18. An antenna according to claim 17, wherein the feed connection is located on
one of the end surfaces of the core and the said elongate elements of the group are
} | connected to the fised connection by a plurality of connecting elements on or adjacen;
, the said end surface. :
30

19. An antenna according to claim 17 or claim 18,'wbcrcin the strip has
* non-parallel edges over at least the major part of its length on the respective side
surface or surfaces of the core.
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