A DI ELECTRI CALLY- LOADED ANTENNA This invention relates to an antenna for
operation at frequencies in excess of 200MHz, and particularly but not
excl usi velvp 2065/8msant enna havi ng helical el ements on or padjcsessootdde
surface of a solid dielectric core. Such an antenna is disclosed in

nuner ous patent publications of the applicant, including British Patents
Nos. 2292638, 2309592 and 2310543. These patents discl ose antennas each
havi ng one or two pai PsDEELECIREGARBNFLOANIR ANFRENNAI ant enna el enent s

which are plated on a substantially cylindrical electrically insulative

core of a .erial havi a relative dielectric constant great han 5,
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the core, gnd a trap in the formof a conductive sleeve encircles part of

the core aHereabthssurfaceqf arselid diclestrig easet ure at one end of the core. At the
other end of the core, the antenna el enents are each connected to the feed
structure. Each of the antenna el enents term nates on the rimof the sl eeve
and each $wath emsantenmesipeditilysed| i giunecbus aiatant epibiibaliond e He alfbﬁlichﬁl@ ant enna
di scl osed. i theBalgi;S)I i.cant' ifBri tizh Pat ent No. 2367429, the feed

st ruct ur eClifinen British, Fatents Nos; 22820485 3309593 sed 33 0addisedhess patentxi al
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outer diameter of the coaxial "l ne. outer shie or o he

coaxi al |antennaslamentewhick pecpldtefl oora substantélly oytindrival plzssizakty idsolafivéct i ce,

t he coaxi%lreg%{l% '{s. ﬂirr.ound . by.q l.astics tube \{Y{Aiﬁch fills the space
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of the core, The conductive s|leeve referred to above 1s coup to the
out er shidligedrstrupfare sxigndy axigtly rthropgle rthe i qore randge drapt im tir dotmmif 2nd f ace

of the a . I he frequencie f «certain nodes of
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currents o%&%ge i nner surface of the sleeve) is nig/4 where I'$ 1s the guide

wavel engt'h _ ghatryctire,, Fach ofdhe Antarra elraprts tarmingtdsyon| theigtofthe sleenes such as
those desgmhichaflflBRNG edicffe Mﬁ&ﬂlc{iﬁfllyt&?ending path. In the antenna disclosed

in the applicant's British Patent No. 2367429, the feed structure, which is a coaxial
transmission line, is housed in an axial passage through the core, the diameter of
which passage is greater than the outer diameter of the coaxial line. The outer shield
conductor of the coaxial line is thereby spaced from the wall of the passage. In
practice, the coaxial line is surrounded by a plastics tube which fills the space
between the outer shield conductor and the wall of the passage and has a relative

dielectric constant between that of air and that of the material of the core.

The conductive sleeve referred to above is coupled to the outer shield of the feed
structure where it emerges at a proximal end face of the antenna to form a balun at the
frequencies of certain modes of resonance of the antenna. This effect occurs when the
electrical length of the sleeve and its connection to the feed structure (with respect to
currents on the inner surface of the sleeve) is ni,/4 where Ag is the guide wavelength

of the relevant resonance.



reception of circularly polarised signals transmtted by satellites, such
as GPS navigation signals, satellite tel ephone signals and broadcast

si gnal s. wbeoantsersnas al so have applications in the fi elpdTafB20wsmokes4

t el ephones, e.g. cellular tel ephones,2and well as wireless |ocal area
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structure extending through a passage in the core between a distal surface

portion okllahaviskselogaleremnesppdsi tel y directed proxi mal surface portion of
the core, wherein the core has a cavity the base of which forns the said
proxi mal surface portion. The cavity is preferably cylindrical, with a
central axtsdityiteh Bissaspeonst tht iiestion ankinna cizetand Waght @nrbeaediced
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through the axis, is between 20% and 80% of the average width of the core measured

in the same plane lying perpendicularly to the axis.

Preferably, the antenna element structure comprises a plurality of elongate antenna
elements extending from connections with the feed structure at or adjacent the distal
end of the passage through the core, and over laterally directed side surface portions
of the core, to connections with a linking element in the form of an outer conductive
layer extending around the core, which layer extends from the said connections to an
inner conductive layer on the wall of the cavity, the inner conductive layer being
connected to the feed structure at or adjacent the other end of the passage through the
core. The feed structure in the preferred antenna in accordance with the invention is a
coaxial transmission line, and the outer conductive layer comprises a conductive
sleeve. When the core is cylindrical and has proximal and distal end faces, the
cylindrical cavity may share a common axis with the feed structure. The outer
conductive layer may comprise not only the conductive sleeve encircling the core, but
also a proximal conductive layer portion covering the proximal end face of the core.

The inner wall of the cavity then has a conductive covering connected to the outer



conductive layer may conprise not only the conductive sleeve encircling the
core, but also a proxinmal conductive |ayer portion covering the proxinal
end face wO0éwmscre. The inner wall of the cavity thenproassBoesondisati ve
covering connected to the outerconducsive |ayer and to the shield conductor

of the cegidualivd eeer tiny eeheeld Boriduetor efiiheroatial feed btaseurefin theaegiani ty. |t
wll be anreci ated that, in this case, a balun is forned when the

el ect ri caf thedaspof the caMy. | nsi de surfaces (i.e. the surfaces adjoining the
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ant enna irdtufn, imeanetat theagteana tancbesmadetlighterci rcuitry, the feed structure
within the core, by virtue of its characteristic inpedance bei ng between
that of the r.f. circuitry and the radiation resistance of the antenna,
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by the cavity may al so be used’to house an inpedance or reactance matching
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washer seated.on the ha f the, cavit According to .a secaond.aspect of
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coaxial line inside the core. Accordingly, the cavity may provide a convenient means

for mounting and connecting the antenna to r.f. receiving or transmitting circuitry, the

feed structure within the core, by virtue of its characteristic impedance being between

that of the r.f. circuitry and the radiation resistance of the antenna, acting as a quater

wave impedance transforming section.

The space provided by the cavity may also be used to house an impedance or
reactance matching structure, such as a short-circuited stub, e.g. using plated tracks on

a washer seated on the base of the cavity.

According to a second aspect of the invention, a dielectrically-loaded antenna for
operation at a frequency in excess of 200MHz comprises a dielectric core of a solid
material having a relative dielectric constant greater than 5, an antenna element
structure disposed on or adjacent an outer surface of the core, a feed structure
extending through a passage in the core from a distal surface of the core, where it is
coupled to the antenna element structure, to an oppositely directed surface of the core,

and a balun in the form of a conductive layer which overlies a proximal outer surface



structure disposed on or adjacent an outer surface of the core, a feed
structure extending through a passage in the core froma distal surface of
t he cor e,wohesssiis7i s coupl ed to the antenna el enent st PoTiGB2695/(t0g03aN
oppositely directed surface of the coue, and a balun in the formof a
conduct i veertiery ef theh¢are, whereini the carqohasxa pedximally dirscted @avwipgrthé passade t he

core, wherei.n the.core,.has a praoxipally.directed cavity, .the passage
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qguadri f i |the bawt bysaare anmdaror dance with the invention; Figure 2 is a

i sonetric upper view of the antenna of Figure 1; Figure 3 is an axial cross
section of the antenna shown in Figures 1 and 2; Figure 4 is an axial cross

section ofheaihvahtich Rall inotv BB RRATHAINbRAGHA! SARGEmPIet WithhRrdrByent g and
Figure 5 is a plan view of a reactance matching el enent of the antenna
shown i n dawjageingvhidef erring to Figures 1 to 3, a dielectrically-I|oaded
antenna in accordance with the invention has an antenna el ement structure
with four axially co-extensive helical tracks 10A, 10B, 10C and 10D pl at ed

on the c)Higuterliigain iesth&fic Jower Giowl dfcedibBotrivhllR 16aded Rdsdrifdbr a@ERH i@ core 12.
The core has an axial passage in the formof a bore 12B extendi ng through
t he cor e aseordansgwiththe fnyentéeny face 12D to a proxi mal end face 12P. Housed
within the bore 12B is

Figure 2 is a isometric upper view of the antenna of Figure 1;
Figure 3 is an axial cross section of the antenna shown in Figures 1 and 2;

Figure 4 is an axial cross section of an alternative antenna in accordance with the

invention; and

Figure 5 is a plan view of a reactance matching element of the antenna shown in

Figure 4.

Referring to Figures 1 to 3, a dielectrically-loaded antenna in accordance with the
invention has an antenna element structure with four axially co-extensive helical
tracks 10A, 10B, 10C and 10D plated on the cylindrical outer side surface 125 of a

cylindrical ceramic core 12.

The core has an axial passage in the form of a bore 12B extending through the core 12
from a distal end face 12D to a proximal end face 12P. Housed within the bore 12B is

a coaxial feed structure having a conductive tubular outer shield 16, an insulating



a coaxial feed structure having a conductive tubular outer shield 16, an

i nsul ati ngl ayer 17 and an el ongate inner conductor 18 insulated fromthe
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whi ch the antenna is to be connected. Connections between the antenna

el ements120A to 10D and the feed structure are nade via conductive

connection portions associated with the helical tracks 10A to 10D, these

connection portions being forned as radial tracks 10AR | OBR, | OCR, 10DR
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e
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of the feed structure in a manner to be descri bed ow. The four helical
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portion which includes the radial tracks 10A, 10B, whilst the inner conductor 18 is

conductively bonded to the connection portion which includes the radial tracks 10C
and 10D.

The other ends of the antenna elements 10A to 10D are connected to a common
virtual ground conductor 20 in the form of a plated sleeve surrounding a proximal end
portion of the core 12. This sleeve 20 is, in turn, connected to the shield conductor 16

of the feed structure in a manner to be described below.

The four helical antenna elements 10A to 10D are of different lengths, two of the
elements 10B, 10D being longer than the other two 10A, 10C as a result of the rim
20U of the sleeve 20 being of varying distance from the proximal end face 12P of the
core. Where antenna elements 10A and 10C are connected to the sleeve 20, the rim
20U is a little further from proximal face 12P than where the antenna elements 10B

and 10D are connected to the sleeve 20.

In accordance with the invention, the core 12 has a proximally directed cavity 21

which opens out on the proximal end face 12P of the core. This cavity 21 is



In accordance with the invention, the core 12 has a proximally directed
cavity 2 1 which opens out on the proxinmal end face 12P of the core. This
cavity 2 Woisesizzdri cal and, in the enbodi nent shown, Ipe3/GBro@xioso3whi ch is
coincident with the central axis 22 o6 the core. Both the cylindrical inner
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conductor 16, the sleeve 20 and plating 24 acting as a trap preventing the
flow of currents fromthe antenna elenents 10A to 10D to the outer shield

16 at th ; of, t i . i of quadri.f lak
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part of {16, Hthiespactivelyvdiendhe ariennagperatesan p appdgiresonance fnavhichethe st ruct ur e

{
per f or s f] : . | 3 eyl ' t he
Bt enna. 1oLy QBB irk Ry RSt SSARKC Bls SdB Breh M Ko TS i
i n conbi thetimr20W bdtwetrg dnatheont Ayed, tRO elemepts AVdand: bdDreonmacked tosthe at i on at
t he point
mn

er feed conductor 18 and the elements 10A, 10B connected to the shield conductor
16, the sleeve 20 and plating 24 acting as a trap preventing the flow of currents from
the antenna elements 10A to 10D to the outer shield 16 at the base 21B of the cavity
21. Operation of quadrifilar dielectrically loaded antennas having a balun on the core
is described in more detail in British Patents Nos. 2292638 and 2310543, the entire
disclosures of which are incorporated in this application so as to form part of the

subject matter of this application as filed.

The feed structure performs functions other than simply conveying signals to or from
the antenna element structure. Firstly, as described above, the shield 16 acts in
combination with the balun layer 20 to provide common-mode isolation at the point
of connection of the feed structure to the antenna element structure. The length of the
shield conductor between its connection with the plating on the base of the cavity 21
and its connection to the antenna element connection portions 10AR, 10BR, together
with the dimensions of the bore 12B and the dielectric constant of the material filling

the space between the shield 16 and the wall of the bore are such that the electrical



of connection of the feed structure to the antenna el enent structure. The
| ength of the shield conductor between its connection with the plating on
t he base wb bdwmsesvity 2 1 and its connection to the antemGs2eéueosy
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shown) in th ui. t,0 [.C 1S stdib bei ng
connect e c?%fﬁpdfﬂgﬁnﬁ%ﬂqegﬁéﬁgﬂgﬁ {ﬂepﬁeﬁhﬁ'@% E(gts%'!rl&'l%g Typically,
the rel af fufetich 6f REthdract@ivisimpedante ablehgihul Aréacve aypadan etchés ween 2
and 5. One suitable material, PTFE, has E]gra atiée di el eciri ﬁﬁ)c(g‘n?tant of
2.2. Theachisved by irglynding pedigpaaliyea 1éncince FlemepbRclds A aPICH ST RS ¢ he

effect Ofolls i e 2hiprfeft £ WRIR hhniihalifioriebied ] he SlubltRi donsécredie out er

shield 1%10 structure Witf%l n the core 12. Selection of the

t hi cknesg® afrojebting patibml 8B of tHedener cd8dustrd/18r its diel ectric constant allows
the | ocation of balanced currents fromthe feed structure to be optim sed.
The outer dianeter of the insulative sleeve 19 is equal to or slightly |ess

than theq lca0BESL diefectrRoRStis oE AR fnbulitiey laperel 712 betwaten2taadds over at
| east tﬁ'g&ﬂ}rg%qrfﬁitey of thle e:Icength of the feed structure. The relative

di el ect r One swtabteanatenidl, PREE rhas enplativadiclepfsicsppddt ofd-3 s | ess than hal f of
that of the core material and is typically of the order of 2 or 3.
Preferably, the material falls within a class of thernoplastics materials
capabl e Pfie b@s# BlsiiRavS Absler i Ngf the Tpel atudtues ralucewetht effscthafthegesumi¢ i ci ent |y

core material on the electrical length of the outer shield 16 of the feed structure within
the core 12. Selection of the thickness of the insulative sleeve 19 and/or its dielectric
constant allows the location of balanced currents from the feed structure to be
optimised. The outer diameter of the insulative sleeve 19 is equal to or slightly less
than the inner diameter of the bore 12B in the core 12 and extends over at least the
majority of the length of the feed structure. The relative dielectric constant of the
material of the sleeve 19 is less than half of that of the core material and is typically of
the order of 2 or 3. Preferably, the material falls within a class of thermoplastics
materials capable of resisting soldering temperatures as well as having sufficiently
low viscosity during moulding to form a tube with a wall thickness in the region of
0.5mm. One such material is PEI (polyetherimide). This material is available from

GE Plastics under the trade mark ULTEM. Polycarbonate is an alternative material.

The preferred wall thickness of the sleeve 19 is 0.45 mm, but other thicknesses may
be used, depending on such factors as the diameter of the ceramic core 12 and the

Jimitations of the moulding process. In order that the ceramic core has a significant



| ow viscosity during noulding to forma tube with a wall thickness in the
region of 0.5mm One such material is PElI (polyetherimde). This materi al

i s avai |l abbeodammnsEE Pl asti cs under the trade mark ULTEWCTREB29esanbonate is
an alternative material. The preferreds wall thickness of the sleeve 19 is
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the dia he Ceram ¢ core and the limtations of the noulding
pr ocess. ankdmn@rofesmalhsite, tthe vedr ticknessoofetheaiosdativegsledvec hskaulé be h t he

el ectrical characterjstics_of t antenna and, .particu LVy:Vi S an
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shoul d bg 0. ILRRLET mb RARvE Rl Rikkaeshoatt Behkesstiah thne dalf df2thbebreen its
i nner bore 12B and its outer surface. |Indeed, the sleeve wall thickness

shoul d bickess, praferabinkeshtbah 26% afitke ewe giieliickness, preferably |ess than
20% of the core thickness. As explained above, by creating a region
surrounding the shield 16 of the feed structure of |ower dielectric

const ant o{ haplateg z(ﬂo%,eB* rdr&atiG@ NS k&ién Ghrrblilimprle eldt e offthedeedf t he
core 12 on the electrical length of the shield 16 and, hherefggl,l on any
| ongi t uditvature ef dnwerclielegitio spastard than therdiglegiiie spatanirofithe et & 81%6, is
subst ant i al i_m ni shed. ' ' tihMRfskesyenyl9 to be
cl ose fiettﬁ"ic*]éf g}eo‘ffﬁ%%? e tg E%éleﬁ%g{c?ggggg’ ‘lgfﬁﬁlf tﬁtelﬁ!)do Pg%ll%Bt,h&?ooEs’i st_enyclzy and
st abi | i t pngitudinkdiré@nisceasssbiated with theantdide nbie diicld d$ommpubstantialici at ed

with the required operating frequency is characterjse vol t di pol es
ext endi n@ﬁt!i?lahﬁélt r Bt AFpging %%V. the ﬁ%@%&éﬁéiﬁeye g? atl? & cl %Hﬁgg E%ﬂunggﬁ% a>F<)i s,
the effeﬁ]?/el&flétapﬁ éﬁ RRUDAE 198, fdxﬁ{%i’e%c In@Stabiliey bEAMIrLEY aBRigeedf Sihesonance i s

relatively snal ue to the sleeve thickness being, at least in the
pr ef er r edle erdoddi o nesonaoces i adsucidted) Widls sthe hzequirpdit Opsratinge feaguency| s j s

therefore, possible to cause the |inear ,node.of reso iipted wth
t he shi e?lﬂfafﬁerisﬁgﬂ’é( H@E"(ﬁﬁpﬁ‘@ﬂfef r%‘?ﬁnp% meg%mir%’dgg'og %rq%gf)s%gﬁgg he
ant enna dficdTBbbre KEOARNETdCE Bfl URNiaYuIAiveDEdVeZl 06n gieeraieited tnbde bEsonant

frequenc el ng deternmi ned by the effective electrical I,er;]%t hs. of . t he
ant enna ebammast is relatively small dbe tecthe glegyesickpessihsugs atleapt i t WéefF’éﬁ‘bt hs of

the elenents, for a gjven fr r q nt on the
rel ati veelﬂé’%qnélﬁ?tr Fs Sﬁag’é%kfgg’#g?tﬁ% oggtxreec%?réé?@%? alr %ﬁé%dsrs %éﬁgoio‘gdr?g@of t he
ant enna feilfgasmbed aNfdsahdnye bsdeiard witli thershigbdd6 to be decoupled from the

wanted mode of resonance.

The antenna has a main resonant frequency of 500MHz or greater, the resonant
frequency being determined by the effective electrical lengths of the antenna elements
and, to a lesser degree, by their width. The lengths of the elements, for a given
frequency of resonance, are also dependent on the relative dielectric constant of the
core material, the dimensions of the antenna being substantially reduced with respect

to an air-cored quadrifilar antenna.

One preferred material of the antenna core 12 is a zirconium-tin-titanate-based
material. This material has the above-mentioned relative dielectric constant of 36 and
is noted also for its dimensional and electrical stability with varying temperature.

Dielectric loss is negligible. The core may be produced by extrusion or pressing.

The base 21B of the cavity 21 forms a proximal surface portion of the core 12 which
is oppositely directed with respect to the distal surface 12D. The core 12B, being



to an air-cored quadrifilar antenna. One preferred material of the antenna
core 12 is a zirconiumtin-titanate-based material. This material has the
above- nenwoeoehsistzat i ve diel ectric constant of 36 and ipeTreB20eh/@mise f or
its dinmensional and electrical stabilpty with varying tenperature.
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term nates short of the base 2 I|IB, he shield 16 of the feed
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be installed. Thus the projecting portign 18B of the inner conductor 18

acts as HecBRFeEndugiopils sats ana Oppreing Rin Which.oypicgly isrreeeivassin pent
tubul ar sQnleat nHARRS6LERE c&rﬁle&laﬁ 6 t e, 1{ ?&%E\Xﬁgﬁ ﬁgms%ﬁ Ql%rq&cht it Cui try of

the equi pnment. Connection to t ruc ure fmay be
made by e@Epmentf (éormpcthmgoltbaslﬂddldlﬁsdf thafeedistrpetdremai be masle Ibgteneels bush (not
shown) which ial |ipe and which also
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of the bush and the screen to which it is connected, 1n conbination with
t hose of bQ"WéeIpﬁhﬂ Er@leicﬁgg ;p@rttqnolrﬁBmBﬂwf shi¢ld linarat theopleted tsorface8 of#he wel | as

t hose of r n ect I hner ¢ uct or portion 18B,
are such %\ﬁgt SI&% c atrggg r%érrﬁsgp P 8&111%1?3@&%%&%1‘“&65’%"9 ﬁé’gé&’tsé;ﬂ &dprom mal | y
of the aint @nttndtiontwich tose 6f tiie pidjedtgd portion F8B 6P iHe iMndreohdudidtel g, ggi on of 50
ohns. lgance tr nsformatlon fromthis inpedance to the sourcé or |oad

i rrpedanc g &hase of thaysocket ra?fitl\élﬁ& hesprojpsting inper eordugtos partionatdB, g t he
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and the above-nentioned r eac ance erren

cavity 2tolthesatxbeubertimhéd trife corotiey dl mmdieeFegidn tolfieS0C @hms.12Impedance
transformation from this impedance to the source or load impedance presented by the
antenna elements at the distal face of the antenna is effected by the feed structure 16,

17, 18 as described above, and the above-mentioned reactance element.

Typically, the diameter of the cavity 21 is about half the outer diameter of the core 12,
l.e. about Smms in the case of an antenna operable at 1575MHz (for GPS signal
reception). The depth of the cavity is typically in the range of from one fifth to one
third of the axial extent of the core 12. In the example illustrated in Figures 1 to 3, the
depth of the cavity is about one quarter of the axial length of the core which equates
to a depth of 3.8mms in the GPS antenna.

Referring again to the balun produced by the combination of the plated cavity base
21B, the plated inner surface of the cavity 211, the plated core proximal end face 12P
and the sleeve 20, it will be understood that because (in comparison with the
positioning of the equivalent conductors of the prior antennas referred to above, i.e.

the proximal end surface plating and the conductive sleeve of those antennas) the



I .e. about 5ms in the case of an antenna operable at 1575MHz (for GPS
signal reception). The depth of the cavity is typically in the range of
from one wofés/dsmsone third of the axial extent of the eorasBRaes/domsthe
exanple illustrated in Figures 1 to 310 the depth of the cavity is about one
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In the GPS an na. Referring again to the balun pro

conbi nat ifaee effthe perepir betwkeodls extrendties M tBe cotedn theatrdal direnton, She dxdale of t he
cavity 21} h | at ed .core.proxi.nal. .end face 12P and the sl eeve, 20, it
will be tfr’%tc?éji gfg%cf??eﬁﬁtz bcgﬁak’gscglilgg{a@éiﬁ?ﬁrt THAn e prqriet %%‘F‘F?'o_ﬁ‘ihﬁg of the
equi val ertas grruffect OF shoftbnihehdddrer TRRIsBEME G 6f BE c6# 4nd tBOAGetidn 8- t he
proxi mal end surface plating and the conductive sl eeve of those antennas)
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el em”“r%&cﬂ@nﬁfﬂqﬁ%&%}?%ﬂh@ce ehe core or between the extremties of the
a ir I'on, The

core in the axi e axial extent of the sleeve 20 can be
considerably less than on the prior art antennas. This has the effect of
shortenigg the core. This shortening of the core and the reduction in core
mat eri al RFEITIRG 1@ EGpres ‘ﬁ@ni rofsacHEe Bratchingcmay betipeorpergtedyinyAncangenng

signific | | ks r . We Frgures 4 and
5, react?%%fﬁggg ihgﬁﬁgghE%q?%%%gggyg%%%gﬁﬁggﬁ%%ﬂﬁgkﬁé&ﬁlgéfQBpggﬁccordance
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plating on the cavity base his is achieve means of a reactance
el enent Rehigved byomeansfolfa repesance edemeend tin thecformd ftap leagGeostult hendoctoxi nal

surface ' [1V, nul us. sher 5 | ocate roxi,mal I, f a
conduct i \ngeS %Esdlll?%kg’&l s@f%%e&yanelﬁg‘g@t@fq ﬂﬁ“"ﬁ%e(wﬁfﬂ?f)e& P"r‘f@teﬂﬂ?’f‘éﬁgy 18B of

t he feedof4 tomlubties bushes @ﬁWﬁKy%cﬁ@ir@%@Eﬂij’éctﬁE?oﬁﬁﬁ@ 18BBf e fobg cavity
21. As will be seen fromFigure 4, the washer 25 t%{)l cally made of PTFE)

has an i fsturginnes cndugior d B adigeemt thechese? 1 Biohthstcavity2l.t he proj ecting i nner

conductor portion 18B and an outer dianmeter matching the inner dianeter of
the cavity 21. The washer 25 may, therefore, be seated around the inner
conduct oAs pvilhjbestemfrompoFiginerd, 1BBwasteh 25 (§/pically made of PTFE) has an inner

diameter matching the outer diameter of the projecting inner conductor portion 18B
and an outer diameter matching the inner diameter of the cavity 21. The washer 25
may, therefore, be seated around the inner conductor projecting portion 18B with its
distal fgce_ 25D (which is plated, abutting the conductive bush 26) connecting the
shield 16 of the feed structure to the plated surface of the cavity base 21B. On the
proximal surface of the washer there are two annular tracks 25A, 25B whicfl are
innterconnected by the stub conductors 25S. When the washer 25 is fitted in place in
the cavity 21, the inner annulus 25A is soldered to the inner conductor projecting
portion 18B and the outer annulus 25B is soldered to the plated cylindrical inner wall
211 of the cavity 21. The stub conductors 25S are meandered to provide a required
electrical length, thereby creating a shunt inductance between the inner conductor
projection portion 18B and the cylindrical cavity wall 211 to compensate for, in this

example, the capacitive source impedance of the antenna.

In this alternative embodiment, the projecting inner conductor portion 18B again acts

as a connecting portion for connection of the inner conductor 18 to r.f. circuitry of



di stal face 25D (which is plated, abutting the conductive bush 26)
connecting the shield 16 of the feed structure to the plated surface of the
cavity bawe 28idds518n t he proxi mal surface of the washer PhereB2005008050

annul ar tracks 25A, 25B which are inntierconnected by the stub conductors
25S. Wereghipmenasihévh o antenha id edbé inspillad,ee.g.nbyt hrasaWf b tesillent trlitularnner

annul us 25A is soI dered to the_ inner conductor projecting portion 18B and
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feed stryglicully, Sholehsl 16 to the equipnment r.f. circuitry. Thus, a ferrule
or annul ar conductor associated with the circuitry or with a line connect ed
thereto, may be pushed into the cavity where it fornms an electrical

connecti gy I n of t e ferrule
and the soc &t%?i‘(b:%?'éléé]glet@gﬁ ??1\;13@% Sltlzlig)frq uc rthé p ogg]tl?q%? 5\1\# toﬁtl{eh%a ?Sam ng
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Simlarl ylatcehmw annmeplagé oufer diamete ofethe hlsnlgtlmwashem@ﬁ maybeplaeed dn anet er of

th ative. 25 o] the mal surface of the
vvaghlapsu ér\{)éfl? cf%ﬁnﬁowgs%éﬁigﬂ feat <p )élé{lﬁj.}&{\?lzjﬁeg ‘;’SSS tubd,
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the inner surface 211 of the cavity 2
plating on the inner surface 211 of the cavity 21

The invention is not limited to use with quadrifilar antennas. The above mentioned
British patents disclose, for example, loop antennas having application to reception
and transmission of cellphone signals, amongst other uses. The size and weight of
such antennas can be reduced in accordance with the invcntion. Reactive matching of
the antenna element structure to the required load irﬁpedance presented by the
equipment to which the antenna is to be connected may not be required and may be
performed solely by the feed structure. The impedance transformation is brought
about as a result of the feed structure having a characteristic transmission line
impedance which lies between the source impedance at the connection to the antenna
element structure and the required load impedance, and also as a result of the
electrical length of the feed structure between the connection to the antenna element
structure and the plating 24 being a quarter wavelength at the operating frequency of
the antenna. Resistive impedance transformation takes place when the characteristic
impedance of the feed structure is at least approximately the square root of the

product of the source impedance and the load impedance.



The invention is not limted to use with quadrifilar antennas. The above
mentioned British patents disclose, for exanple, |oop antennas havi ng
appl i cat iwo 20@/05ex5ept i on and transm ssion of cell phone ecyrGB2805/@M3AgSt
ot her uses. The size and wei ght of sueh antennas can be reduced in
accordance with the invention. Reagctiayssmatchi ng of the antenna el enent
structure to the required | oad i npedance presented by the equi pnent to
which the antenna is to be connected nay not be required and nay be
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br ought out as ur e havi arac erlstlc

t ransm s900MH4, RempAbiag anfieleyit ¢brd <beSsd3ﬂItml€leﬂaltl’m@1ri:‘gOaJE&&Ner‘dieldaﬁee at the
connection to the antenna el ement structure and.the required | oad

i npedancEOnYY giFaier thang), anstenngs elementetaicture digposethge 191 sdiackle Hged
struct ur ;X&gtéﬁ{?ﬁ& HA8hE RBAECHNO mﬁﬂﬁ} 4 thﬁt@% %ieﬁ{@apfs {hHClufRgand the

pl ati ng el ng a quarter wave operating equéncy of the
ant enna. strastuset emmdmgmctargha lbarseergsfm lthmmra betvaer a distalcaurfabe pottioa of
characterjstic inpedance

the feed s ture [ | east rOX|nater
e e ohe fasb and Pn ORBSSIe B it regProTmaL SHITAcE PPiSBl bt Sty wARER &
I rpedanceqfdidk NRadity ﬂ\e%@é &%ﬁ;bﬁ?&rﬁ% tﬁ@@aﬁ@ﬁoﬁﬁﬁ;ﬁ@ﬁr’fa&%f@&@r ati on at a

frequency I n excess of MHz, conprising a dielectric core of a solid
mat eri al having a relatlve dielectric constant greater than 5, an antenna

el ement structyre di sposed,.on or. adj nt .t out.er. surface,of. the core,
and, coug1 ed tgntaﬁge F&%@ngﬁ%ﬁ}ﬂh‘?‘ gt‘ﬁ?&?‘ﬂ?ﬁe cayityhay %f?’&?{ g¥a aggt endi ng
t hrough ahdRss @t lic6n BRI&iHPet ween a distal surface portion of the core
and an oppositely directed proxi mal surface portion of the core, wherein

the core has a cavity the base of mhich forms the said proxinal surface

portion. 2 An@%ﬁ“?gg‘?ﬁg{g thcl£181 %E’i’eijn lﬁl&Phggff{ﬁe an I]gs a

central aXIS an ucture Ies on e axl s nna

accor di n@etvﬂ:eﬁ|1&%rﬁrﬂ,50mefthbl@utehaxﬁb(e)aéntdéﬂtehoﬁi the cavity is between 10%
and 50% of the outer axial extent of the core. 4. An antenna according to
claim2 or claim3, wherein the average width of the cavity, neasured

through yhe axjf anfefinPSlcORENy KRR oLALNPS, WEGAUEE 2Fad With Of the
cavity, measured through the axis, is between 20% and 80% of the average width of

the core measured in the same plane lying perpendicularly to the axis.

5. An antenna according to any preceding claim, wherein the antenna element
structure comprises a plurality of elongate antenna elements extending from
connections with the feed structure at or adjacent the distal end of the passage
through the core, and over latefally directed surface portions of the core to
connections with a linking element of an outer cbnductive layer extending around the
core, which layer extends from the said connections to an inner conductive layer on
the wall of the cavity, the inner conductive layer being connected to the feed structure

at or adjacent the other end of the passage through the core.

6. An antenna according to claim 5, wherein the feed structure is a coaxial

transmission line and the outer conductive layer comprises a conductive sleeve.

7. An antenna according to claim 5 or claim 6, wherein:-



the core neasured in the sanme plane lying perpendicularly to the axis. 5.
An ant enna according to any preceding claim wherein the antenna el enent
struct ur ewoemissss a plurality of elongate antenna el ememtcB2eosi@nadisng from
connections with the feed structure at3 or adjacent the distal end of the
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the feed structure is a coaxial transmssion [ine and the outer cdnductive
| ayer codpdi ses a conductive sleeve. 7. An antenna according to claim5 or

claim6, wherejn:- 0 is.cyldindrical and has proxi and distal end
Faces. wher of niPiated Sfidstnd S inel A cofifiesE ConEelcbedRt i BE ettt he
feed str uoiidictive ldyer antd &F a ChiBRUEIndNEGot o e fe@RAICEES iR tEORJIR! bVl S| eeve
encircling the core and a proxi mal conductive |ayer portion covering the

proxi mal PESPIMCEAVEY- t he core; and the inner wall of the cavity has a
conductive covering connected to the outer conductive layer and to a shield
conductor of the feed structure in the region of the base of the cavity. 8.
An ant enfa accdr @niegna gceordingntq claimcl, w@nlvéna artea@ivevmatehing felemenglimnent i n

n_ant enfa _ : bl !
the i nnet e OoR R 18, bAGGHonGRAR Rl B CoRahetel BHGHAL fFuf Rt o ° "

oper at i owaHtof ¢thefgaeijpiency i n excess of 200MHz, conprising a dielectric core
of a solid material having a relative dielectric constant greater than 5,
an antenna el enent structure di sposed on or adjacent an outer surface of

the coreg a fe&ddiaéf]tﬂe%gg{ goaﬁﬁ]%ﬂféhﬁ%g férhéﬁwgp nggpg(?@%gndﬂ& Q;?cegs%? froma

distal surface of the ere It 1scou enna el'enment
st ruct ur 3Q0MBzaecomypnsg & digjecttic ewt @fl asolifl acseridl hahing coretativaditlecttia@l un i n
the for n}:oOrIsta%t gr%g’cdei'J 81%'11\/5? a1|1 gthlrma element structure disposed on or adjacent an outer
surface of the core, a feed structure extending through a passage in the core from a
distal surface of the core, where it is coupled to the antenna element structure, to an
oppositely directed surface of the core, and a balun in the form of a conductive layer
which overlies a proximal outer surface portion of the core, wherein the core has a
proximally directed cavity, the passage terminating inside the cavity, and wherein the

balun layer extends into the cavity where it is connected to the feed structure.

10. An antenna according to claim 10, wherein:

the core has a side surface, a distal end surface, a proximal end surface and a
central axis;

the feed structure lies on the axis;

the cavity is centred on the axis;

the balun layer has an outer portion on the side surface, an end portion on the
proximal end surface and an inner portion on an inwardly directed surface of the

cavity.



whi ch overlies a proximal outer surface portion of the core, wherein the
core has a proximally directed cavity, the passage term nating inside the
cavity, amo2edvarseisn t he bal un | ayer extends into the caeCryGBMEVm®@4034 i S
connected to the feed structure. 10. Wn antenna according to claim 10

wher ei n: jtthe Camearfdhadcsddfgty i1, Fheicht Bk c%fhdis%gfiﬁé’lﬁé’ai, the AV mal end
surface and a central axis; ghe feed structure lies On the ‘axis; the cavity
i s cent r d8 cplindrival, ard Sotht the opter partioayasd theiénngn portive rof e balom layer ttee si de
surface, u nd portion on the proximl end surface and an inner portion on
an inwardly di'rected surface of the cavity.11l. An antenna according to
claim1l, wherein the core is cylindrical, the cavity is cylindrical, and
both the outer portion and the inner portion of the balun |ayer are

annul ar. 122, AADSRtcBAR acoREding i ¢lgim bl e elrim 13, whergingheyaxial exsgnt pbthe t he
axi al extept, Qf v ' 9 9% 0f the axial extent of
the cor e.cg{%y g&ﬁ{\g%?g?r{&a%c%og/?gﬁ%ggo&lé%téﬁlgc;}q]a%g?r%fs 11 to 13, wherein the
radi al extent of the cavity is between 20% and 80% of the radial extent of

that part,of the core which surroun t he cavjty.
P t13. An antenna according to any otd cslaims 11 to 13, wherein the radial extent of

the cavity is between 20% and 80% of the radial extent of that part of the core which

surrounds the cavity.



