1 ADIELECTRICALLY-LOADED ANTENNA This invention relates to an antenna for operation at

~ frequencies in excess of 200MIHz, and particularly but not exclusively to an antenna having helical
elements on or adjacent the surface of a solid dielectric core. Such an antenna is disclosed in
numerous patent publications of the applicant, incldding British Patents Nos. 2292638, 2309592 and
2310543. These patents disclose antennas each having one or two pairs of diametrically opposed

helical antenna elements Whi@lﬂ'ﬁﬂﬁﬁ‘iﬁ@ﬁﬁﬂ@%@ﬂ%‘iﬁmﬁﬁ' ctrically insulative core of a
th' the mate

material having a relative dielectric constant greater than 5, wi | of the core occupying
the major part of the volume defined by the core outer surface. A feed structure extends axially
through the coPés BXEPARFF|AteR tofaAnsernEevtod e fes groicite srpant afthR200MIdnd connects

lo the feed sungtyiebeny B RANG.CRIVAY the AMahRRACLINREIRIP Rieana gements are

each connected to the feed structure. Each of the antenna elementS terminate
sleeve and 4HFBHEHSY fassicivelidsiplaatrialnpractending 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 anﬁaxi?al passage through the core, the diameter of which passage is greater than the outer
diameter of tR8°CoaRiANFBA 1S isdpisdeln sumetevs: pitene poblictine iofhtérempphaned from the

vl of the passiadingrBtasiawéfie onaxiabivegdssusiayRdad iy RIARIES (gs ubich il the space
between thegou er shield conductor and the wall of the passage and has a felative diblectfic constant
between thal SFETAARITRRRD A HAYErRIBTIRT dtve. Pais dndiaotists siligveppdeckdidicabove is

coupled to theenaresrigléhotitiaiione phiuPwie WhRis i amToRRALA RIgMMAl SN JaeR ol the

p v Insiati .
antenna to form a balun at the frequencies of certain modes of resonance of the antenna This effect

occurs whert the L LIRIESARIIR DR Akt dickpins onsinicaionteo thea fBodifirbetaratdrialh respect to
currents on tifalienersueiagsyabiie sepue)ds UM NeEE IR0 Bife WRYYSRIt A the relevant

resonance. 4 feed structure extends axially through the core, and a trap in the form of a
conductive sleeve encircles part of the core and connects to the feed structure at one
end of the core. At the other end of the core, the antenna elements are each connected
to the feed structure. Each of the antenna elements terminates on the rim of the sleeve
and each follows a respective longitudinally extending 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 coaxi_al 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 niy/4 where Ag is the guide wavelength

of the relevant resonance,



2 Dielectrically-loaded antennas such as those described above can be used for the reception of
circularly polarised signals transmitted by satellites, such as GPS navigation signals, satellite
telephone signals and broadcast signals. The antennas also have applications in the field of mobile
telephones, e.g. cellular telephones, and well as wireless local area networks. According to a first
aspect of the invention, antenna size and weight can be reduced by providing a dielectrically-loaded
antenna for operation at a frequency in excess of 200MHz, comprising a dielectric core of a solid
material heiertricelitileadimlesttimoenstarit gy chdse thesedh et sbnteaparclemestl Sttidiyre disposed

on or 2RI EL SHIFRP R CRIS, AN EOuRIEHq e apifiia cleen ucture a feed

structure exte through a passage In the core between a dis n of the core

and an opposgeliodiregiets praxiiite slefdonpoitoalsehthbroatkastsaal sheltwramasmagcavity the

base of why id. proxim rface portion: and wherein antenna element structure
comprisesQf a&%gug g‘ﬂ%ﬁﬁ%ﬁ%‘é’aﬁeﬁ%ﬁ%% er%%‘ir)l é%ﬁgﬂ]a?ﬁgeﬂ%rﬁeﬂg%e%f%ﬂ@ﬂﬁﬁh% feed
structure atedrasdjacdetstivealistah eethofrkise passage through the core, and over laterally directed
surface portions of the core to connections with a linking element of an outer conductive layer

extendingoiouis e, Br-yIGlIAYGE FISRAS IO NIsaRld cpnections fganiant conductive layer

on the wall of the “cavity, the inner conductive layer being connected to the feed &utture at or
adjacent tBéustdebe ptpsiding vadishepsrinatiyighatied coenih dcie opesttimuaedrfittyaneferred antenna in

accordange Jyith.an enhadine lnvendion is. i ission.line, and the outer
conductive layer comprises a ’co%qéé%%\%gs?e@\%e%?e%%(eggogr&egal)zir@yﬁ%gerﬁ:%q%%Vd%asl proximal and
distal endeiites diplsdyipremnsireagnsetanihenate «a cotsnmuncxisanithithetfzedispustdre. The outer

conducte, gy iy Resh ERNERIRS: 10k ARY JPACAMUCING SIRSYR ACEIA (1 COg, i also a proximal

conductive layer'portion covering the proximal end facé of the core. The mner wall of the cavity then
has a Coﬁ&@@%,@@%%@ﬂﬁ@@m@mg through a passage in the core between a distal

end surface portion of the core and an oppositely directed proximal surface portion
of the core, wherein the core has a cavity the base of which forms the said proximal
surface portion; and wherein the antenna element structure comprises a plurality
of elongate antenna elements exfending from connections with the feed
structure at or adjacent the distal end of the passage through the core, and over
laterally directed surface portions of the core to connections with a linking
clement 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 an embodiment of 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



the outer 3 conductive layer and to the shield conductor of the coaxial feed structure in the region of
the base of the cavity. It will be appreciated that, in this case, a balun is formed when the electrical
length of the inside surfaces (i.e. the surfaces adjoining the dielectric material of the core) of the
plating on the cavity base, the inner wall of the cavity, the proximal end face of the core and that
forming the sleeve is equal to or in the range of nA§/4, when measured in a plane containing the
central axisondistivedagetendiie longitetinegrdlptarofiite wesia foed shudursiinahthegierve parallel
to the axis, d’f &{Q@Q@ngf@ﬁgg{g{)}han that of the sleeve of an antenna without the cavity and
operating at the same frequency.” The axial length of the core may, therefore, be smaller than in prior
antennas which, in turn, means that the antenna can be made lighter. The plated inner wall of the

cavity can formynarty é?é&i%‘c&?HISF%%E&&CB&E‘E,%&Gﬁ@@%fﬁf‘e&‘%ﬁ@ﬂ%@é@@iﬂéﬁf%‘%‘?&%ﬁr-) receiving
or transmitting circuitry, the diamefer of the cavity being suitable for forming part of a‘coaxial
_transmissiﬁwlmél%w@@sméh%ﬁm@@@r%ﬁ@mamlwﬁggm?%ﬁ% Qﬁ@bﬁﬁ?&@_teristic
'mpedanc,%f&ftﬁéc&%h%' URGANBILE. RR-CORSrACSRIGMEY cI0R CAHD MBYREPEE AGOPY gfient means
for mounting and connectingthe antenna to r. receiving or transmitting circuitry, the feed structure

within the €6F8 apg tatoorIES dhe rreeridtisqrabirian Eetbe g Esetlade dhahen easwEddtitry and the

radiation r%ﬂﬁ%@ﬁéﬂﬁr@?ﬁ@%ﬂﬁin&ﬁ% TR AR TR ARNGR HARSRERING agiion. The

space provided by the cavity may also be used to house an impedance or reactance matching

structure, Sligvad-8 shedepileotdbesilasve parabivlddhtctkiradksisn lsandsrdiosesibaniiahe base of
the cavity. SCERIGIBSOGF sRGRREHAIRSRLBLERIERMIOM R Shelaaiicallyoader FriganRfor operation

at a frequency in excess of 200MHz comprises a dieléectric core of a solid material having a relative

dielectric chhg@ragleth efdhescus aBnhsrelonseht shalerbaishosder smisraasartinban outer
surface of {he farenadieethstfdWifenna can be made lighter.

The plated inner wall of the cavity can form part of an outer feed structure connecting
the antenna to radio frequency (r.f.) receiving or transmitting circuitry, the diameter of
the cavity being suitable for forming part of a coaxial transmission line having a
higher characteristic impedance {e.g. 50 ohms) than the characteristic impedance of a
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



. extending through a passage in the core from a distal surface of the core, where itis 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 4 portion of the core, wherein the core has a
proximally gjg ted ity,.the passage . termin igg inside, the cavity, and wherein the balun layer
extends int tﬁg caf\)/%tayt/%%yvﬁgerr% vas? r@é%ﬁr‘i%%t%‘ar?gﬁ IGSmatirdiradedosriBiaiP RS RESde surface,
a distal entrswifatdgaipsaldntial enditsyrindeveineciicentraais LVith sheferdsEugiureabiigg on the
axis and thg, gavity ¢e n,the axis. The balun layer may have an outer portion of the side surface,
an end portion on the%ro;?[%r%% Eont(?%tl?zr e %&rgha#ﬁ?e BortsH hgsed siflaukpeiracdistalirface of the
cavity. In e ssefesiciermorntdingl sylifuikcald theenaultyoiss pratarablyeulindiicate aps beth the outer
portion andfe ianet p éiggv f. the balun layer are apnular. The invention will now be described by
way of example with re%renc%ytg%%ead?gv@glrglgagfﬁ'\Aﬂ?&g P T AR REAE B RSFHABW of a
dielectricalRi[Bid¥decgribaikicanaed poation ascdidanogimithdine somMastionn Figuigdriaripametric upper
view of the&pggqﬂ@,ﬁﬁf' dre.ds Figure 3 is,an axial cross section of the antenna shown in Figures 1
and 2; Figure 4 is an ax?}gﬂ(l:rrgsg S‘éuegc%:‘jlocno(gl ah caz%&ag{}égﬁrﬁ%sﬁan MSEs dsimeeswindmtalinvention:
and FiguretBeisay iiais proferably mdictdnicd, randchitly e et pbitienanie IRaishempbitioRigere 4.
Referring t&E@&itﬁ%&? ée%%'l?igrctrically-loaded antenna in accordance with the invention has an
antenna element structure with four axially co-extensive helical tracks IOA, 10B, I0C and 10D plated
on the cylindrical outer side surface 12S of a cylindrical ceramic core 12. The core has an axial

passage inf{he fRrEnREAR Qﬁfp%&ﬁ tgnding through the core 12 from.g distal end face 12D to a
proximal end face 12P. Housed wit él(ngtﬁsé: %?g 128 V&Y ofoexampIe with reference 1o the
drawings in which:

Figure 1 is an isometric lower view of a dielectrically-loaded quadrifilar antenna in

accordance with the invention;
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 128 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 insulating layer 17 and an
elongate inner conductor 18 insulated from the shield by the insulating layer 17. Surrounding the
shield is a dielectric insulative sleeve 19 formed as a tube of plastics material of predetermined
relative dielectric constant the value of which is less than the relative dielectric constant of the material
of the ceraml@yebré7 190dr4a pmsriativmer tadniiig 16 iinwlatehdusiontis ahiglhstyathe layer 17

constitutes g, ogtiRbUANS TSI IG &L BISIRIINGd haHR SUGIRRSYR0GE 18355iRgthrough the

antenna core 12 for connecting the distal ends of the antenna elements 10A to 10D to radio frequency

(r.f.) circuitrfof BB elastis mriRripeo tredatarmsins b eclaivredidectdo nerstaohthb arhecef the
antenna elekis H08sadADhaNEINe R HRYE IR MR BRYR IR EAAFYBINE £auRgEtigpgportions

associated with the helical tracks | OA to | OD, these connection portions being formed as radial

tracks 10AF¥;2108R, 10CR, 10DR (Figure 2) plated on the distal end face 12D of the core 12 each
extending from a distal end of the respective helical track to a location adjacent the end of the bore
12B. The shjeld 16 is conductively bonded to a connection portion which includes the radial tracks

10A, 10B, wHiSt (RBRiRdIEhiutherstecld dénainosvcRppdvried i taaddnsdetiva pareor Which
includes the-oagithieacksosaGarithddRssihie RiRCLESle AfthRABIC AR RIRMGS; HRIMLOD are

connected to a common Virtual ground conductor 20 in the form of a plated sleeve surrounding a

proximal endPSSUMEIRSPER: the rantenng fere| d, dop prmpciing, bsriisieleends 1iE dsiamtenntductor 16 of

the feed streRinienis a0n2NeOIY BeralRscrbgstRelow. AT fauthlical ApIRENRE SR SHOA to 10D
are of different lengths, lﬁ\éo of the elements 10B, 10D einagilonger than the other two 10A, 10C as a
e

result of thé PR Bt Hccorisstedo LamMsdinmararidheantemariementindans I 12P of the
core. Wheramhtaarfacdlstatizcldd addel0fa 8Ena0aRCIGShHRAGH SHRRATEnS Ls IR HEd 331, IS a little

O rOMle Belical tracks TOA 5 10D, These comnoction portions being formed 85 radial sadke - 0 "¢
sleeve 20 , portions being formed as radial tracks
10AR, 10BR, 10CR, 10DR (Figure 2) plated on the distal end face 12D of the core 12
each extending from a distal end of the respective helical track to a location adja;cent
the end of the bore 12B. The shield 16 is conductively bonded to a connection
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 104, 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 21 which opens out on
the proximal end face 12P of the core. This cavity 21 is 6 cylindrical and, in the embodiment shown,
has an axis which is coincident with the central axis 22 of the core. Both the cylindrical.inner wall 211
and the planar base 21B of the cavity 21 are platetd with a conductive layer which is electrically
connected CYYRHE GltaRdhialthe Bobtidnieat] sovatuhapas sinis thiddylistheinarnT hethroximal end
12P is als h it rface 1Q- ximal ' 4. The sleeve 20, the
plating 24%%%32%?&%5%?%%@%%@ 1@5?§%§%2@f§%?@%@%\% J/J'flp a(ﬁ;aét &Fwith the
outer shield TSt wEy 3t wsaptatedrmith barnsustishiproyidkiskbineinoricabyledsntatiah of the

antenna elgmeaibstidciuigdrqd 4 ' pri=iah i na is connegcted when installed. In
an axial plane, the electrical Iengt%hfﬁ%‘lgg combﬁggﬁﬁ%%%n%‘g%%e O(,:%eé gl%ﬁiﬁ{gf%lﬁépsurface
plating 24€%fe! pRadhglsn Matedryon diexvhodn@bitsswiBoftthvavinpRiinaapiitnghzte ntg is the

guide Wavqm\mp@gbgﬁgrﬁlﬂ Qﬁf%eﬁg’l@ f%}wmqﬁ}?ﬁ%ggﬁgggb%g?&fgegng lengths of

the antenna elements | OA to | OD result in a phase difference between curren ?onger

elements 1BCAGH #ld trE2bH Withshermartelshiehts! § otheOiedesipedtive founen babiantenna

operates iR EAOs AHERSONRARES: IR -aN [ ﬁﬁ%ﬁ!ti irgularl larised signals. In
this mode, cu_rreqn%?flow around the rim Z‘gu%oe?{véggﬁ?o%t e onég%ﬁanng,%%céé%%ﬂ 8 [OC and 10D
connecteF (W PRERHar Huch s Rrtesna gsnammeetedewhemdrsoAled0 15 cormdetqdaettbeshield

conductoreb6irtba stasue Aanshpleiing 44 AGH P, ing; thes flow. of cyrrents from the
antenna elements | Qg\ﬁt% | OD to the outer(?r?i%ila(% %gﬁ%gétgg?eﬁz%g%ft deé%fﬁ Igi{.u@peration of

quadrifilardreRERIEHRE B detiinree a2 hard basaRIB orf the covity i2 ldssutifed enmodg detail in
Briish Paiete blade SA8RAHEAN A2 054 YR P 2 AlEaRH o hhIeh.afe acarporated in this
this ap o as fled. The te

application so as to form part of the subject matter o plica s filed ed structure
performs functions other than simply conveying signals to or from the antenna element structure.

Firstly, asTigsgrRashaheyenershiehddhadR Ments 10A to 10D result in a phase difference
between currents in the longer elements 10B, IODland those in the shorter elements
10A, 10C respectively when the antenna operates in a mode of resonance in which the
antenna is sensitive to circularly polarised signals. In this mode, currents flow around
the rim 20U between, on the one hand, the elements 10C and 10D connected to the

inner 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



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 IOAR, IOBR, together with the dimensions of the bore 12B and the dielectric
constant oflehet b fisliig dtHé sisacy DewnteapPIoXiSMELY-16 AAiHmes Wwaly Seredhbatetbfe such that

the electrical.z lopgtirafthe. ghield 18ds AteRRLARPETHRRAEN, S OMRHER WRVElaNG R ES he

frequency of the required mode of resonance of the antenna, so that the combination of the balun

layer 20, 2&f therbalem laver b 2hi@H1%! Brandole Bigkthie arameipidalenced cormatiishtet the feed
structure tQ. HhHg RRIGDHABIEMSNGSIHEILIE 1Resaeghs defaadstiuatdre serves as an impedance

transformation element transforming the source impedance of the antenna (typically 5 ohms or less),
to a required load impedance presented by the equipment to which the antenna is to be connected,

typically SGseBsnaly! hent aRsi@raalian BraRierie s of she iapeaifeturaateradinr lieklis
characteristic impedance and length. A reactive impedance match is achieved by including

additionalljrapsamicdheispesh smpsdeace pbitieatenm (taricaibinv)ohrseedeidntheto which the
antenna iseanfegiahdigsthbeipacanne B dniodnpRiRAHNS PIRiANHSEelHAe innemeonductor 18.

Typically, the relative dielectric constant of the insulating layer 17 is between 2 and 5. One suitable

material, PaaBEeHed SrRiraiveodichepsiclbsisastosmauonponrtr s ihgifee d RIEYRUWS Bthe feed
structure radugesdhe eifechohterkammipe gaiemadeabon thealesticahiragohinerpiter shield 16

of the feed structure within the core 12. Selection of the thickness of the insulativet%’e ve 19 and/or its

dielectric E6MEMH BYSRREARIRIAEAGH Y a P FRASPREFrE1STRSRD AP SR aTOHRIEr 88 HR°Toptimised.
The outer giameiah ehéhepinsmiaive WarIEHS dfeamaideainshieht Westubwinhednnesedameter of the

bore 12B in the core 12 and extends over, at least the majority of the length of the feed structure. The
relative didREPROKSHERRPTIMA SHafdhe IIThEcRIE I s less than half of that of the core material
and is typically of

Typically, the relative dielectric constant of the insulating layer 17 is between 2 and 5.

One suitable material, PTFE, has a relative dielectric constant of 2.2.

The outer insulative sleeve 19 of the feed structure reduces the effect of the ceramic
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 1s 0.45 mm, but other thicknesses may
be used, depending on such factors as the diameter of the ceramic core 12 and the

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



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 tfhde mark ULTEM. Polycarbonate is an alternative

material. affrspetethedopsiiripatielassctifrisics|66da P10 a% A, PertistHarThick#iE8s®s may be
used, depgnding o sheh facloraasdbn dianeler f tie GesamineoR2 awddhsulinyiations of the

moulding process. In order that the ceramic core has a significant 8 effect on the electrical

characterigesesthng hethskoasropbriselidriprgitloReaneamithmn orbatmlidandits Riifthickness of
the insulaiyg-sleev ded $hpd!dibe.pavaraaieriBansisihicknrss aldlesolidrae the beiween its inner

bore 12B and its outer surface. Indeed, the sleeve wall thickness should be less than one half of the
core thickhiskaepiepertnpludesmbamdnd ofthe eore tHIMBRSSs. As explained above, by creating a
region surrounding the shield 16 of the feed structure of lower dielectric constant than the dielectric
constant of the core 12, the effect of the core 12 on the electrical length of the shield 16 and,

therefore Aoh e¥laiBediaRANal RysSratne ds368iareqummmdingutirielaeidhd Snadidhes f5edubstantially
diminished By aErapgingeioitiecnruBlivaderys 4 Wdecpirseditiingi yeuddhe shield 16 and in the

bore 12B, consistency and stabiligé)f tuning is achieved. Since the mode of resonance associated

with the ré§&reaioberaaiy keondre glredral denatisel) by whiclde! g hstriptingrMhetrically, i.e.
transversgiy akiBmAPHREHER CRs B ANA SR alifiednsriasv@BREYS, 19 SRbiemRayired mode of

resonance is relatively small due to the sleeve thickness being, at least'in the preferred embodiment,

considerﬁﬁ%@%aﬁ%%ﬁé&:g}émﬁi?}%?%ﬁé‘?‘ﬁ@sé%l tpecelose HHIERISPRYGSE of resonance
associategh i {BealigldrkSHo D¢ A8 cRled {E9Ai g1 NaANE d MdROfr esvReBge  Sthe antenna has

a main resonant frequency of 500MHz or greater, the resonant frequency being determined by the
effective @P@ctﬂ'éﬁi%ﬁéﬂ%%%n@éfﬂ%%m@ﬁ% the required operating frequency is

characterised by voltage dipoles extending diametrically, i.e. transversely of the
cylindrical core axis, the effect of the insulative sieeve 19 on the required mode of
resonance is relatively small due to the sleeve thickness being, at least in the preferred
embodiment, considerably less than that of the core. It is, therefore, possible to cause
the linear mode of resonance associated with the shield 16 to be decoupled from the

wanted mode of resonance.

The antenna has a main resonant frequency of S00MHz 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



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 zircorgium-tin-titanate-based material. This material has

the above-n8AtiEh Sdtcbaiculmdricakrutaramlared 28 ahtheserstéd anddtocikintinhsinsl and

electrical stahligmefifles aeuira e mngEtEisy Bigleotris 19s3dsaAIgIDIE, TG S8Ry be,produced by
extrusion orﬁreﬁs{{}] . The base 21B of the cavr%/ 21 forms a proximal sufface portion of the core 12

which is opPS¥ HESYS S wigTraapissshoth@thebasslde vapleTthe shirddi BBobRingead coaxial with
the cylindricahautes Busfagedjasieg iseara 48 anddhecyindricalcavitvdle srsaesaanyrally in the

cavity base 21 B, as seen mast clearly in Figure 3. The insulating sleeve 19 terminates short of the

base 2113, Whilé 1R NI B IPinIBrRE thastrsd str shePRiseistmaaborinn teseamiztbprojects a

short distangedrdo thasaeityo 2dlokheciReEORMNCR" tehahiiadaedirdctHiG RIS axially into the
cavity by a greater distar}%e to allow connection to a transmission line associated with the equipment

in which th& BHRERFY 12 B Behis ARRIrRHs 0 (b 1pskiHedng Westiths pRBcsting pamien EBB@ictor 18 acts
as a connettingnpisr Wikidctypicallyetis i@@%ﬂl%@éﬁﬁmeﬂmkﬂuﬁgﬁ@ﬂw%%%Qﬁdipéhe r.f.

receiving or trlnsmglg%g circujtry of the equipment. Connection to the shield 16 of the feed structure
may be maga By theNA oS fognedae dnthehr-k srraidreiskensaittiagesitulmy @bththown) which
may form pauiphantortwsibegapaxiaklingcind QbichAtaa efRr R A RN HARLSARRG SR Detween the

projecting partion 16B.of the shield 16 and the plated surfaces of the cavity. Typically, the dimensions
of the bush"(gnadst%%ngé‘r%"e‘iﬁog chf ff'i"%’ﬁ’cﬁ#%ﬁf@o‘?riW&Qﬁfﬂﬁrﬂ%ﬁ@n(WM@de@m&cting portion

18B of the foner mondfiatosdionn pwelhaaltiiaseatf thaisRCKSS regaiving thenRigiesingnpgT conductor
portion 18%6%&% su&ﬁh that the characterii%g iér%pedance of the line extending proximally of the antenna
regi

to the abova-mentioned 1 PEgitRPTUIR ¢ dheotieldimangribedelated surfaces of ‘the

cavity. Typically, the dimensions of the bush and the screen to which it is connected,
in combination with those of the projecting portion 18B of the inner conductor 18, as
well as those of the socket receiving the projecting inner conductor portion 18B, are
such that the characteristic impedance of the line extending proximally of the antenna
to the above-mentioned r.f. circuitry is in the region of 50 ohms. Impedance
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,
i.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 ! to 3, the
depth of the cavity is about one quarter of the axial length of the core which equates
1o 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



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, i.e. about 5mms in the case of an antenna operable at

1575MHz FSFesrarohthe lepgmitnarrsidalaner efsheavispndeptinemtieincite inngentidbm one fifth
to one  thirthof baaxiarexeBbRidhe GeredentRitie Rale il sialed i Fioyres éné%ﬁ?fhe depth of

the cavity is about pne guarter of the axial length of the core which equates to a depth of 3.8mms in
Hter

the GPS afittita0 REfert ity adRift th s maiderabbu iesdianie termipmadraotetreplaldis cavity base
21B, the plsisdriastauskanatigaayibol LTHhe daedine sRie igiel Radiasedelonp the sleeve

20, it will be understqog thf\t because (in comparison with the £;3|tlon|ng of the equivalent conductors
f

of the prior ShteMATL PerEPramorabtliag Eomnthe miassare if thatavdtylateidandipefiemtuctive

sleeve of thahe:doteinnhswbigHibmajeprart of the length (in an axial plane) of these conductive
elements is on an end face of the core or between the extremities of the core in the axial direction, the

axial extent of the sleeve 20 can be considerably less than on the prior art antennas. This has the

effect of stiefening tocRiguessThisnghoItRANB OTiRecRRIS ARY he RN iﬁ:%ﬁ Ingisrial volume
cayity yields a significant " reduction in the weight of the core.

resulting fr e presence of the tion

Referring t‘gs%g}d‘ré%%@ﬁa“%,Wé%&ﬁé%&ﬂh@ﬁ%%&mmtmm@m@ pédhein

accordandamhﬂwhédmﬂMW&%&%ﬁﬁ&&f@&@@é@@ﬂﬁ&iﬂ%%ﬁﬁﬁ,9{ RNy Gegguctor 18 of
t

the feed structure to aolqrouri%' g conductor at a location on the projecting portion 18B spaced from

the conneREIIN SRR EYNY SRR iEPaecditnmthecamsstine of the eueryehiRiant (nf this feade the plating

on the cawtyubase @itli) cd¥ity isladeRiENaHiD LM ANSUMEESE RBCERIS DA 31 e 491, of at least one
stub conduc%'g&)r 25S on the p%gl)ximal surface of an jnsulative annulus (washer) 25 located proximally
[

tive Blish 28ARY UAERFEANST HEg 1Rt Brohscinmmirableast smeostre serdiictor

of a conduc
258 on the proximal surface of an insulative annulus (washer) 25 located proximally

of a conductive bush 26 and closely encircling the projecting portions 18B of the feed
structure inner conductor 18 adjacent the base 21B of the cavity 21.

As will be seen from Figure 4, the washer 25 (typically 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 féed structure to the plated surface of the cavity base 21B. On the
proximal surface of the washer there are two annular tracks 25A, 25B whicljl-are
innterconnected by the stub conductors 258. 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 21] 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



structure inner conductor 18 adjacent the base 21B of the cavity 21. As will be seen from Figure 4, the
washer 25 (typically 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. T h . therefore, be seatelfaround the inner conductor projecting portion 18B
with its distta%ﬁ%yﬁé?‘%%{D%V\llrﬁc bANERE Wl g‘ﬂ%&a%ﬂ’dﬁ&i\}é‘/ JOERS &) coffisdeaivvhilashield 16 of

tEe feed struoeie ©f m@wm;dzmﬁzﬁﬁmﬂﬁm.cawi_ﬂﬁbas&%ﬁ.@jﬂiﬁg%fﬂ@(i%}ﬂﬁ%ﬁi@g@ Iogzttgg v&\f;trs]her
there are tw 5A, 25 ich are_innterconnected by the stub conductors . When
Q’wa%t@ﬁr%% §ée&‘%ﬁ" Seg*gvg@fey if?ﬂ%‘éé?nﬁ%?%?ﬁﬁfﬂﬁ% o crngsiiae e Rher

the washer 25 is

conductor pfefectinactportidield Béand tie autipmamnulfs Abiewoldard fotheplaedmiagdrical inner

wall 211 of the fRVIY The stub.conductors.25S are meandered to provide a required_ electrical
length, thereby creatiné%as%%ﬁﬁ?ir‘?aglc%lﬁc%rﬁgf SR th¥ b BEnERIRE e f rHjEtaien Bakibh 18B and

the cylindriceehedtinteahegavity compein fatentoun el hisicek aonpiestibe LaRa GivieysauEsayampedance of
the antenn ;this altefnati bediment, the prpjecting jnner cqnductor portion 18B again acts as
a connectir?ltjIli%féfr%f)rt1ﬂ %F! gg%lwnsz%%g;r? % geﬁﬁt{eér %%%)ﬁ%t%r %gtt(geﬁ??‘&ﬁgﬂﬁllaf‘irlc%‘ﬁﬁﬁﬁ%nt which the
antenna is t@&hAstHIEY thegsiagime detvofen rdsifienyieldingr sehkeicimedetessinad dimensions. In
this case, t@ﬁ@}]ggm}gﬁsmner wall 211 of the cavity may act as the shield of a coaxial transmission
line connecting thé antenna feed structure shield 16 to the equipment r. circuitry. Thus, a ferrule or
annular conductor associated with the circuitry or with a line connected thereto, may be pushed into

the cavity wWhgkg.l r ion.t cavity inner wall ing,.the dimensions of the
ferrule and the s%%i%%gﬁ\%ﬁtﬁg@ﬁﬁ%ﬁ%ﬁ% éfr(ﬂ%éigég?e ﬂﬁt?ﬁiﬁ;a@#;%égﬁé:éﬁlmem, yielding
a characterf8¢ hapeeimbe applyipalkpléer ghefisnt onnikebush (epyeethth bttt 26:didesshield 16

and the plaipel a5y AR ERYBY MAUREME R LLRRRLG &2 BB TR e EusN (.. in
passing the antenna through a reflow oven. Similarly, annular solder preforms
matching the inner and outer diameter of the insulative washer 25 may be placed on
the proximal surface of the washer 25 to effect connections between the stub
conductors 258 and, respectively, the projecting inner conductor portion 18B and the

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 in_ypntion. Reactive matching of
the antenna element structure to the required load impedance 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
unpedance 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.



washer) during assembly of the antenna, the soldered connection being effected by passing the
antenna through a reflow oven. Similarly, annular solder preforms matching the inner and outer
diameter of the insulative washer 25 may be placed on the proximal surface of the washer 25 to effect
connections between the stub conductors 25S and, respectively, the projecting inner conductor
portion 18B and the 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 t@hamifsion of cellphone signals, amongst other uses.
The size and weight of such antennas can be reduced in accordance with the invention. Reactive

matching ofs th.prieRARelBRRA! é&%&ﬁ%&r?&o&g%ﬁ%ﬂi%%‘@%ﬁgﬁ#é@%‘% he

equipment to which the antenna is to be connected may not & ‘ may be performed solely
by the feed SHRiHSHBE Phéipspkitarere warksfolidanoterinbhavitg abdatise disbsutioftnsttedd structure

having a char@RRE TSNS SSIORI eIIMBRISNGE I IR bptesn e soeqmpeglance at the
connection to the antenna element structure and the required load impe ar{ce, and also as a result of
the electricaiNiasgthiohthedee drd reuriadetvtlen antswan alutiont tehelaion feed simehitrstructure

and the plaisg2ielng Ao aa SavalP A G RRIPUANATE UL NG AlE R esistve

impedance transformation takes place when the characteristic im eed structure is at

least appro$iisater IRERppHiely shrested erpvimatsuitne potice oiibedamecvdrainatoadrienpedance.
12 CLAIMSA diglgsiricaiblradad anianna iR RpeLal %@&ﬁﬁ?ﬁ&g@g&?@%&%ﬁ%@%ﬁ

comprising a dielectric core of a solid material having a relative constant greater than 5, an

antenna eldhSeHiteni RlpeRipEel g cpamEsenadusalisy efdhugotthatcons aleentspled to the
antenna eleRAKRE Fif iFRANIEE Bedinaieua A BESRACIR tie daigPetyeen adistal

end surface portion ©of the core and an oppositely directed proximal surtace portion of the core,
wherein thé)g@p@ passage through the core, and over laterally directed surface portions of

the core to connections with a linking element of an outer conductive layer extending
around the core, which layer extends from the said connections to an imner
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.

1. An antenna according to claim 1, wherein the feed structure is a coaxial

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



has a cavity the base of which forms the said proximal surface portion; and 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 laterally
directed surface portions of the core to connections with a linking element of an outer conductive layer
extending around the core, which layer extends fijgm the said connections to an inner conductive

layer on th% wall of AhHe S vi% gggoirndiugr &)oagyct'vgrlg er @i‘r{%e%olqlrj_ected to the feed structure at or
adjacent the other énd 0 the passage%hrougﬁlt & core. 1-°Ah antenna according to claim 1, wherein

the feed structure ishe coexiad trdinsinissiondimesaptbtimauted cdintilctive fayey compriisaeba conductive
sleeve. 13 gt AGNAARSPAIATAIQIal10h RN iR el g e I cylindrical and has

proximal an ces, wherein the cavity is cylindrical an ares a common axis with the
feed structure; the dterusondomndivesiizy drycoempripasea ecnddutiveesibenre encircling the core and a

proximal cogkgcygt' e layer BS{H&&R%V[%” g he. 0 imal face of the core; and.the inner wall of the
cavity has a cona%ct%%ﬁcovering conne)égte %%lfghe‘)%?%lﬁ%gl%ggct)f\(/%nl%?y%rﬁéaepnd& ?o(%q; Nield Gonductor of
the feed straegure in the region of the base of the cavity. 4. An antenna according to claim 3, including

2 reacive matching glaRRAg 8RN EPIRPE I B DSt COnslelan g e cpdycive covering

on the inner wall of the cavity. 5. A trically loaded antenn peration at a frequency in excess

of 200MHz¢@wHgisingwdmiddeie cbreldicansbiitomatciial lvadinguairetaiivéhdietedoncot dnstant
greater tha%gsead}ﬁ{étgm@yelement structure disposed on or adjacent an outer surface of the core, a
feed structure extending thirough a passage in the core from a distal surface of the core, where it is
coupled to the antenna element structure, to a proximal surface being an oppositely directed surface
of the coredand a baluanieihe according to claim 3, including a reactive matching element in the

cavity, connecting the inner conductor to the conductive covering on the inner wall of

the cavity.

5. A dielectrically loaded antenna for operation at a frequency in excess of
200MHz, comprising 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 fo the antenna element structure, to a
proximal surface being 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.

6. An antenna according to claim 5, 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.



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. 6. An antenna according to
claim 5, 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 ongthe fidesutiaaaianerthprgionRithenpimakondauincgand ap inner portion
on an inwardly directed surface of the cavity. 14 7. An antenna according to claim 6, wherein the core

is cylindric&r Therteabitgid OMh tifcartah a8 thedotie i Mt RENY Pl Hin A BRI oftRe balun

layer are ammular, 8. An antenna according to claim 6 or claim 7, wherein the axial extent of the cavity
is between 10% and 50% of the axial extent of the core. 9. An antenna according to any of claims 6 to
8, wherein the radial extent of the cavity is between 20% and 80% of the radial extent of that part of

the core wilich surs@uisdie favitiing to claim 6 or claim 7, wherein the axial extent of the

cavity is between 10% and 50% of the axial extent of the core.

5. An antenna according to any of claims 6 to 8, 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.



