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1 RADI O COMWLNI CATI ON APPARATUS This invention relates to radio _
conmuni cat i JKOAFPHPht us i ncluding an antenna with an el ongat BCHIGRIZ841 ¢
core, elongate conductive elenents on or adjacent an outer surface of 5

a distal part of the core, and a conductive%trap such as a conductive

sl eeve surrounding a proximal part of the c The invention also rel ates
to an antenna system i ncl uding 2 ) vel use of the:
antenna. An antenna of the abeve~aestiiierilelilaQALARAdY] N t he
Applicant's co-pending British 10 Patent Appl [ cat i on which has been
publ i shed under the nunber 2292638A, the subject nmatter of which is
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of circularly polari segmzl gnal s _from sources which may be directly above
the antenna, i anovsl usg ofthe gatemna,, 5 few degrees above a pl ane
per pendi cul ar to the antenna axis and passing through the antenna, 20
or fromsources |ocated anywhere in the solid angle between these extrenes.
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matter of which is incorporated in this spgcxﬁca’uon by reference. In its preferred form,

the antenna of that application has a cylindrical ceramic core, the volume of the solid

ceramic material of the core occupying at least 50% of the internal volume of the envelope

defined by the elongate conductive eie,ments and the sleeve, with the elements lying on
15 an outer cylindrical surface of the core.

The antenna is particularly intended for the reception of circularly polarised signals from

sources which may be directly above the antenna, i.e on its axis, or at a location a few

degrees above a plane perpendicular to the antenna axis and passing through the antenna,

20 or from sources located anywhere in the solid angle between these extremes. Such signals

| include the signals transmitted by satellites of a satellite navigation system such as GPS
(Global Positioning System). To receive such signals, the elongate conductive elements

~ comprise four coextensive helical elements having a common central axis which is the

axis of the core, the elements being arranged as two laterally opposed pairs of elements,

25 with the elements of one pair having a longer electrical length than the elements of the

other pair.

Such an antenna has advantages over air-cored antennas of robustness and small size, and
over patch antennas of relatively uniform gain over the solid angle within which
30 transmitting satellite sources are posmoned



conprise four coextensive helical elements having a common central axis
which is the axis of the core, the elenents being arranged as two |laterally
epposed pai V3P enents, 25 with the elements of on®@GHEEBIME#AINg a
| onger electrical length than the el enents of the other pair. Such an
antenna has advantages over air-cored antepnas of robustness and smal |
size, and over patch antennas of relatively uniformgain over the solid
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connection to the feeder structure in the region of the said one end of the core, the or each

10 antenna element being coupled to a feed connection of the feeder structure in the region

of the said other end of the core, and wherein the radio communication circuit means have

two parts operable respectively in a first and a second of the radio frequency bands and

~ each associated with respective signal lines for conveying signals between the antenna

feeder structure and the respective circuit means part, the antenna being resonant in a first

15 " resonance mode in the first frequency band and in a second resonance mode in the second

frequency band.

The first mode of resonance may be associated with subsfantially balanced feed currents
at a distal end of the feed structure, e.g. when the trap subsiant_ially isolates the elongate
- 20 conductive element from a ground connection at a proximal end of the antenna. In the
case of an antenna having one or more pairs of elongate conductive elements acting as
radiating elements, and a trap in the form of a conductive sleeve surrounding the dielectric
rod, the or each pair of elongate conductive elements acts as a loop, with currents
travelling around the rim of the sleeve between opposing elements of the pair. In the case
25 of the antenna having two or'mo_re pairs of helical elements forming parts of loops of
differing electrical lengths, such balanced operation may typically be assdciated with
circularly polarised signals directed within a solid angle centred on a common central axis
_ of the helical elements. In this first mode, the antenna may exhibit current maxima or
voltage minima close to or at the connections of the elongate conductive elements to the

30 feeder structure and close to or at their junction with the rim of the sleeve.
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of the said other end of the core, and wherein the radi o comuni cation
circuit ne ' two parts operable respectively in a first and a second
of the radﬁgafagéﬁbncy bands and each associated with respedGI{EBY00844)

|l ines for conveying signals flow ng between a common signal |ine of the
antenna feeder structure and the respectige circuit neans part, 1 5

the antenna being resonant in a first resonance node in the first frequency

band and in A95E 'fQ ? : Féﬁde.ta i rst
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el ements acts as a loop, with currents travelling around the rimof the

sl eeve bet weBHAW@Epbetween theendspfthgrod.-ne pair. In the case 25 of the
antenna having two or nore pairs of helical elenents formng parts of |oops
of differing electrical |engths, such bal anced operation may typically be

associ at ed Wi thedfirsEmbadé b refsiante, Isifréquehey 6f Rsommbes typichllya Aufetibh of theg| e
centred on a common central axis of the helical elenents. In this first
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sl eeve. elements and (b) the electrical length of the sleeve. In the general case, the electrical
lengths of the elongate conductive elements are such as to produce an average
transmission delay of, at least approximately, 180° at a resonant frequency associated with
the first mode of resonance. The frequency of the second mode of resonance méy be
15 determined by the sum of the average electrical length of the elongate conductive elements
and the average electrical length of the sleeve in the longitudinal direction corresponding

to a transmission delay of at least approximately 180° at that frequency.

The invention also includes an antenna system for radio signals in at least two frequency

20 bands comprising an antenna having a solid elongate dielectric core, at least one elongate
conductive element on or adjacent an outer surface of a distal part of the core, a
conductive sleeve surrounding a proximal part of the core, and a longitudinal feeder

structure éxtending through the core, wherein the said elongate conductive element

extends between a distal connection to the feeder structure and a distal rim of the sleeve,

25 and the sleeve is proximally coupled to the feeder structure; and a coupling stage having
a common signal line associated with the feeder structure, at least two further signal lines

for connection to radio signal processing equipment operating in the said frequency bands

and, connected between the feeder structure and the further signal lines, an impedance

matching section and a signal directing section, wherein the signal directing section is

30 arranged to couple together the common signal line and one of the two further signal lines
- for signals which lie in one of the bands and at which the antenna is resonant in a first
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3 The second npde of resonance is preferably associated with singl e-ended
or unbal ancR@¥81currents at the distal end of the feeder RIGRATEPM] as
is typically the case when the antenna is resonant in a nonopol e node for
receiving or transmtting linearly polariged signals, especially signals _
polarised in the direction of a central axis of the antenna. Such 5 a

Cubst ant | ar | JRAE S IR pAfke AN BotbleSokuer ié SRRABH RK IS OB offiRoffhe
resonance, t ko fifrthé Sighdl litles frSsdRal-Wwhich lieM tiedther banf 48 i Whichfthe difenna

el ectrical lengths of the el ongate el enents, whilst the resonant frequency
of the seconip respnant in a segenrd wpde efrssenapee.i s a function of the sum of (a)
the electrical |engths of the elongate elenents and (b) the electrical

|l ength of the sleeve. In the general case, the electrical |engths of the
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impedance transforming element coupled between the common signal line and a node to

p—t —

which the filters and an impedance compensation stub are connected. The transforming
element, the filters, and the stub are conveniently formed as microstrip components. In
such a construction, the transforming element may comprise a conductive strip on an

15 insulative substrate plate covered on its opposite face with a conductive ground layer.
The strip forms, in conjunction with the ground layer, a transmission line of
predetermined characteristic impedance. Similarly, the stub may be formed as a
conductive strip having an open circuit end. Although the filters may be conventional
“engine block” filters, théy may instead be formed of micfostrip elements on the same

20 substrate as the transforming element and the stub. These filters are desirably connected
to the above-mentioned node by conductors which are electrically short in comparison to
the electrical lengths of the transforming element.

- The transforming element may also comprise a length of cable connected in series

25 between the antenna feeder structure and the diplexer node, or it may comprise the series

combination of such a cable and a length of microstrip between the feeder structure and

the node, the cable having a characteristic impedance between the source impedance
constituted by the antenna and a selected load impedance for the node.

30 Use of the diplexer provides for simultaneous operation of radio communication

equipment in both frequency bands. When simultaneous operation is not required, the



conductive el ement on or adjacent an outer surface of a distal part of the
core, a conductive sleeve surrounding a proximl part of the core, and a

1 ongi t udi nAYOPUIMBL structure extending through the core, WRETSBYP84L saj o
el ongat e conductive el enent extends between a distal connection to the
feeder structure and a distal rimof the gleeve, 25 and the sleeve is
proximally coupled to the feeder structure; and a coupling stage having a
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structure an gnal lines, an I npedance matching section and a
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arranged to couple together the conmmon signal |ine and one of the two
further signal |ines for signals which lie in one of the bands and at which

the agtenna 4 §:ﬁ% hﬂg@l tes Y¥er o redHdncy bands only, but it is possible
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si gnal i ne withinthe sadpeef thef invértionvto pfamdﬂesysmrgpperatlvmesthmwrannapwdhl ch
lie in the ot her b nd and at whjch the antenna i sonant in second node
of resonance@past bands, the antenna having 4 GorresEoRGiRg %ﬁrﬁsﬂﬁa’gﬁt‘%ﬁﬁﬁ system
coupling stage is a diplexer which has filters coupl ed between the conmon
signal line and the further signal lines, the filters

According to a third aspect of the mventlon there is provided a radio communication
10 system comprising an antenna system as described above, a satellite positioning or timing
receiver (e.g. a GPS receiver) connected to one of the further signal lines of the coupling
stage, and a cellular or mobile telephone connected to another of the further signal lines
of the coupling stage. In the case of the coupling stage being a diplexer, the antenna and
the filters are configured such that resonant frequencies associated with the different
15 modes of resonance of the antenna lie respectively in the operating band of the receiver

and the operating band of the telephone.

The diplexer is also the subject of a fourth aspect of the invention which provides a
diplexer for operation at frequencies in excess of 200 MHz éom_prising: an antenna port;
20 an impedance transformer in the form of a length of transmission line having one end
coupled to the antenna port and the other end forming a circuit node; first and second
equipment ports; a first bandpass filter tuned to one frequency and connected between the
node and the first equipment port, a second bandpass filter tuned to another frequency and
connected between the node and the second equipment port; and a reactance compensating

25 * element, such as an open-circuit stub element, connected to the node.

In the case of the coupling stage having a switching device as the signal directing section,

the impedance matching section may likewise be formed as an impedance transformer in

the form of a transmission line and a reactance compensating element, the switching
30 device being connected to the node between these two.
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including a first filter associated with one of the two further signal
i nes and tuned to an upper frequency which lies in one of the said two
frequency bR a second filter associated with the ot hefCHEBLE841np

further signal lines and tuned to a | ower frequency 10 which lies in
the other of the_two frequency bands. The gli pl exer may conprise an
| npedance transform ng el enent coupl ed between the common signal |ine and a
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series 25  nearlyaesistive thirethe impedancésahintao the transmissionding. t he di pl exer node,
or it &ay conprise the series conbination of such a cable and a | ength of
m crodPri p between the feeder structure and the node, the cable having a
char act er | st yhifIBdAR HanbAIUER lint RAGRIVERS o PRRVIES taniistib ey BY Bt
antenna and a selecfed | oad | npedanc@ for the node.

90° at a frequency at least approximately midway between the upper and lower

frequencies.

15 The invention also provides, in accordance with a fifth aspect thereof, a novel use of an
~ antenna comprising an elongate dielectric core with a relative dielectric constant greater
than 5, at least one péir of elongate conductive elements located in a longitudinally
coextensive and laterally opposed relationship on or adjacent an outer surface of a distal
part of the core, a conductive sleeve surrounding a proximal part of the core, and a
20 longitudinal feeder structure extending thrdugh the core, the said elongate conductive
elements extending between distal connections to the feeder structure and a distal rim of
the sleeve, wherein the novel use consists of operating the antenna in at least two spaced
apart frequency bands, one of the bands containing a frequency at which the antenna
exhibits a first mode of resonance, and another of the bands containing a frequency at
25 which the antenna exhibits a second mode of resonance which is different from the first
mode.

The invention will now be described by way of example with reference to the drawings
in which:
30
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30 Use of the diplexer provides for sinultaneous operation of radio
-connunicatignhﬁﬁH%gnent I n both frequency bands. Wen sinmultaneous
operation i § no quired, the WO 97/ 37401 PCT/GB97/00841

PCT/ GB97/ 00841 5 coupling stage may be of a sinpler construction, including
a swtch as the signal directing. section 4or routing signals either

bet ween the common signal line and the said one further signal |ine or

bet ween t he Ny $d ' ' L. S L.AR.
The. ant enna. cySE} 48 QouaHa rAdiS o5BlotnfianBh st n BbcliBiner viBishe | |
I s possi bl e vin¥éitiont he scope of the invention to provide a system operative

In three or nore spaced apart bands, the antenna having a correspondi ng
nunber of resonance nodes. According to a third aspect of the invention,

there is provided .. radi ommuni cat.i on. 10 syst em. i sing an
ant enna syst eﬁﬁgﬁ? %5?&?%’3%“%%‘83‘3,°?g1esaé¥eé}nPi°féhep%§?éF ‘ﬁ‘%@‘e P timng
receiver (e.g. a GPS receiver) connected to one of the further signal |ines
of the coupling stage, and a cellular or nobile tel ephone connected to
anot her of t hEigmer3 isan axiaberass-sectinnsofthe antennay, piountgd onagonductiveigroundgplanst t he
coupling stage being a diplexer, the antenna and the filters are configured
such that resonant frequencies associated with the different 15 nodes
of resonance PigutdictAMB AR 40 fre'pREspettiveVabs iof thé Gnteied dicating &ddidferinge
recei ver and the operating band of the tel ephone.

: standing wave patterns on the conductors on the outer surface of the antenna when

-

10 operated in different modes of resonance;
Figure 5 is a plan view of a microstrip diplexer;

Figures 6A to 6E are Smith chart diagrams illusﬁaﬁng the functioning of the diplexer of
15 Figure 5;

Figure 7 is a diagram of an antenna system in accordance with the invention, having an
antenna as shown in Figures 2 and 3 in combination with a coupling stage using a signal
directing switch; ' ' .

- 20
Figure 8 is a diagram of alternative radio communication apparatus in accordance with the

invention; and

Figure 9 is a diagram of an integrated radio communication unit in accordance with the

25 invention.

Referring to Figure 1 of the drawings, radio commuriication apparatus in accordance with
the invention for use at frequencies above 200 MHz is capable of pex'fdnning different
ﬁmctions; It incorporates an antenna system comprising, firstly, an antenna 1 in the form
30 of an elongate cylindrical ceramic rod with metallic elements plated on the outside to form
a quadrifilar helical antenna element structure with a proximal conductive sleeve forming



The diplexer is also the subject of a fourth aspect of the invention which
provi des a diplexer for operation at frequencies in excess of 200 Mz
conpri si ng: WRP78M%nna port, 20 an i npedance transf or RGT/GBITIORR4Lf o m
of a length of transm ssion |line having one end coupled to the antenna port
and the other end formng a circuit node; %i rst and second equi pnent ports;
a first bandpass filter tuned to one frequency and connected between the

node and the first equipnent rt., second bandpass filter tuned fo .
Anot her 1 r equAFREenS EFP HST R Bdiatiig EmARts Rk HrAena 4of A ErQund SRBeRIn At if
port: and a rgaet & In BAURRERRMIGHING Rrm “radiatBl SHERL to LS HRA act to radias
open-circuit ts%tu el errlrent, connect edé%_'rcr)1 t etﬁ%de. notﬁg case ofact ﬁéadlae
coupl i ng st agele¢tromaggetic energycfrom dhelanterma ifisuitably fed dromt a thansmitter; uts whichan,

t he i npedance natchi ng, section may |ikew se be forned as an: i npedance .
Lransf o mer | $PRAFES BHIGAE & eeiivt AFtQ) abRomD; SHEh SREFEY P de CORYEE! f SROADTNE | ng
el emeng, the am’&ﬁ% NRe devi ce being connected to the node between
. these two. 6 The Ien%?ﬁmgf the transmi ssion line formng the inpedance
transfornmer may be such as to effect a resistive inpedance transformation
at a frequency, between_the u r and the | ower frequenc ereby .the
pedancas. at i gaEaRAll KomEURER on g Ieietall xR ARG R RGh 2t s
has, respecti ; 3nteld At PR %gggqﬁedn %&gb Ik
reactance 5 &ﬁwducr%#%gﬁent, a d£m¢e| ngt e Stub %°e“§’§§ﬁ | gﬂc a(}sﬁ%gfa
yi el d i nduct i diplexerunithakn interaal feeder structure 1A of the antenna is coupled to the diplexer

10 unit 3 at a common port 3A thereof. The radio communication equipment includes a GPS

receiver 4 connected to a first equipment port 3B of the diplexer unit 3 and a cellular

telephone receiver 5 connected to a second equipment port 3C of the diplexer unit 3.

Antenna 1, as will be described below, has different modes of resonance in spaced apart
15 frequency bands. In this example, a first mode of resonance is associated with a resonant
frequency of 1.575 GHz, the antenna exhibiting a maximum in gain for circularly
polarised ‘signals at that frequendy, the signals being directed generally vertically, i.e.
parallel to the central axis of the antenna. This frequency is the GPS L1 frequency. A
| second mode of resonance of the antenna 1 in this embodiment is associated yvith a
20 resonant ﬁ'equenéy of about 860 MHz and signals linearly polarised in a direction parallel
to the central axis of the antenna 1. 860 MHz is an example of a frequency lying in a

cellular telephone band.

The diplexer unit 3 provides impedance matching of units 4 and 5 to the antenna 1 in its
25 first and second modes of resonance, and isolates the two units 4 and 5 so that they may

be operated independently, i.. largely without the operation of one interfering with the

operation of the other. The diplexer unit 3 will be described in more detail below.

The arrangement illustrated in Figure 1 is suitable for a number of applications in which
30 positioning information and the ability to communicate via a cellular telephone are

required together. The arrangement is particularly useful for installation in an automobile, |



react ances respectively at the two frequencies thereby at |east partly
conpensat i na,fq,r Bape capacitive and inductive reactances due to the
transf or mer "o '82%, yield at the node a resultant i npedanc PCHCBYOMBY:  he
two frequencies which is nore nearly resistive than the inpedances due to
the transmssion._line. 10 Typically, the tgansmssion line length is such .
as to provide a transm ssion delay of about 90[err] at a frequency at |east

approxi mat el y._nj I f ' p . .The
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dielectric constant greater than 5, at |east one pair of elongate

conduct i ve el inipautomobie witing. nThe antenpat liand-dipleyeramitd, deingsmadl-and rabest,are y
opposed rel atj onshi n_or jacent, an er surface.of a distal £t of
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a 20 s | ogPStreedive aﬂdeeﬂe&le?héwmﬁ; &t uni, {oBemend if kétmired,) Rithtthe
sai d el ongate conductive el enents extendi ng between distal connections to .
the feeder stdiplexet-e and a distal rimof the sleeve, wherein the novel use

consi sts of operating the antenna in at |east two spaced apart frequency
bands, to feed signals via a conmon signal |line of the feeder structure to

or fromdiffeThanteahd 9 Bf sHoi th Hicdé Wetall RCEipRIeIR QA PERD s a5 @iscRisedih Ch
operates in a 25 different respective one ofthe side bands one of the

bands cont ai nApplicant's eqrpending BritishHPatent Application iNea 960391 fhi4tthe dis¢lpsuse ofmshich of
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' quadrifilar having an antenna element structure with four longitudinally extending antenna
elements 10A, 10B, 10C and 10D formed as metallic conductor tracks on the cylindrical
- outer surface of a cylindrical ceramic core 12 which takes the form of a rod. The core 12
has an axial passage 14 with an inner metallic lining 16, and the passagé houses an axial
15 feeder conductor 18. The inner conductor 18 and the lining 16 in this case form a coaxial
feeder structure 14 for connecting a feed line to the antenna eleingnts 10A - 10D. The
antenna element structure also includés corresponding radial antenna elemenfs 10AR,
10BR, 10CR, 10DR formed as metallic tracks on a distal end face 12D of the core 12
connecting ends of the respective longitudinaily extending elements 10A - 10D to the

20 feeder structure. The other ends of the antenna elements 10A - 10D are connected to a
common conductor in the form of a plated sleeve 20 surrounding a proximal end portion
of the core 12. This sleeve 20 is in turn connected to the lining 16 of the axial passage 14
by plating 22 on the proximal end face 12P of the core 12. The material of the core 12
occupies the major portion of the interior volume defined by the antenna elements
25 10A - 10D and the sleeve 20.

The preferred material for the core 12 is zirconium-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.
30  The core may be produced by extrusion or pressing.



fromthe first node. 30 The invention will now be described by way of
example with reference to the draw ngs in which: WO 97/ 37401

PCT/ GB97/ OB¥AY7374Y; qure 1 is a di agram showing radio com‘run?gﬂ%?gﬂms‘“
apparatus in accordance with the invention; Figure 2'is a perspective view
‘of the antenna of the systemof Figure 1595 Figure 3 is an axi al .

- cross-section of the antenna, nounted on a conductive ground pl ane; Figures

4A, 4B and ar erspect i Vj t n d '| 5%!’ Nhe  fferin
st andi ng mﬁﬁ?@?ﬁ%ﬁ tlﬁg'c@%ﬁe%'s{@rgﬁ%éﬂ%%?’gsur ace ggs?'ﬂdeeﬁtg )
ant enna whengd Buter cylindiedl’and el suifaded dfthé Bore TREszh fack beinpafiasvidih ayueastS | s
a plan view of a mcrostrip diplexer; Figures 6A to 6E are Smth chart

di agrans i | | fost ties itgjthickaessover itonperativs length. JTihgtragls may be formed by iptighy ¢ 5

Figure 7 is di agram.of ap.ant enga .system.i ; the .

invention, ht ?‘?ﬂg&ﬁﬁuﬁ‘?ﬁ%ﬂﬂtg" 5@323@1‘/ 3 weg}lbcﬁpgegcégﬁ g'%g%ge‘lv'ﬁn‘;e@om Oving the

with § couplja98r & &Bsd'he*8re? Rériéwil of the metallic layer may be performed by etching
according to a pattern applied in a photographic layer similar to that used for etching

(@)= =)

printed circuit boards. Alternatively, the metallic material may be applied by selective
deposition or by printing techniques. In all cases, the formation of the tracks as an integral
| layer on the outside of a dimensionally stable core leads to an antenna having
10 -diniensionally stable antenna elements. Another method of forming the conductors
involves cutting grooves in the material of the core, plating the whole of the outside of the
core, and then removing an outer layer of the plated coé.ting by centreless grinding to leave
islands of ceramic material, as disclosed in co-pending British Patent Application No.
9622798.8, the contents of which are incorporated in this application by reference.
15
The conductive sleeve 20 is similarly plated and covers a proximal portion of the antenna
- core 12, thereby surrounding the feeder siruc_ture 16, 18, with the méteﬁal of the core 12
filling the whole of the space between the sleeve 20 and the metallic lining 16 of the axial
passage 14. The sleeve 20 forms a cylinder having an avefage axial length /; as shown
20 in Figure 2 and is connected to the lining 16 by the plated layer 22 of the proximal end
face 12P of the core 12. In the first mode of resonance, the combination of the sleeve 20
and plated layer 22 has the effect that signals in the transmission line formed by the feeder
structure 16, 18 are converted between an unbalanced state at the proximal end of the
antenna and an approximately balanced state at an axial position generally at the same
25 axial distance from the proximal end as ihe average axial position of the upper linking
edge 20U of the sleeve 2.

As will be seen from Figure 2, the sleeve 20 has an irregular upper linking edge or rim
‘20U in that it rises and falls between peaks 20P and troughs 20T. The four longitudinally
30 extending elements 10A - 10D are of different lengths, two of the elements 10B, 10D
being longer than the other two 10A, 10C by virtue of the longer elements being éoupled



directing switch; 20 Figure 8 is a diagramof alternative radio

conmmuni cati_on a aratus in accordance with the invention; and Fiqgure s a
di agram of w09 ﬁ?@brat ed radi o conmunication unit in accor dB&TE Whe 25
invention. Referring to Figure 1 of the draw ngs, radi o comruni cation
apparatus in accordance with the inventioq for use at frequenci es above 200
MHz is capable of performng different functions. | ncorporates an

ol ongate. Lyl D AERYe 204 e fouaft ot i 201 AR iE o, ﬂsﬁ&%éﬁé{l@?m opgled "
outside to fgyiepeaksadhithis Eﬁ!’bo&ﬁldn@,%teﬂdﬁdelm"?ecﬁ%ﬁﬁi?éﬂcu%hfaﬂ?tﬂél&sﬂd kignals

proxi mal conductive sl eeve form ng WO 97/
PCT/ GB97/ 008whergresonant indhe mggd@@ﬁmmmﬂné@ngwdmn&mmm elements 40Anna

and a ground nnec. its Jowe n_thi s CI fic on_t
"radi ating" }@ "?%ngﬁsﬁte?d?l\n C "'%\%?h?k ?;1 g?& fPaY 'fg gﬁ'ﬁr gy
from she ant ppger dléméﬂs l@'lﬂﬁ@eﬁl&ﬂbﬁh&bﬂ'}ﬁﬁhm&m éhéheﬂ\élérﬁ&ts POAPIT, at us
including a receiver act to absorb such energy and to convert it into ohmc
5 cur r Baghspain of longitndinallnextending and corresponding radial elements (for example
10A, 10AR) constitutes a conductor having a predetermined electrical length. In the
present embodiment, it is arranged that the total length of each of the element pairs 10A,
10AR; 10C, 10CR having the shorter length corresponds to a transmission delay of

10 approximately 135° at the operating wavelength in the first mode of resonance, whereas

each of the element pairs 10B, 10BR; 10D, 10DR produce a longer delay, corresponding

to substantially 225°. Thus, the average transmission delay is 180°, equivalent to an

electrical length of A/2 at the operating wavelength. The differing lengths produce the
 required phase shift conditions for a quadrifilar helix antenna for circularly polarised

15 signals specified in Kilgus, "Resonant Quadrifilar Helix Design", The Microwave Journal,
Dec. 1970, pages 49-54. Two of the element pairs 10C, 10CR; 10D, 10DR (i.e. one long

element pair and one short element pair) are connected at the inner ends of the rédial

elements 10CR, 10DR to the inner conductor 18 of the feeder structure at the distal end

of the core 12, while the radial elements of the other two element pairs 10A, lOAR; 10B,

20 10BR are connected to the feeder screen formed by metallic lining 16. At the distal end
of the feeder structure, the signals present on the inner conductor 18 and the feeder screen

16 are approximately balanced so that the antenna elements are connected to an

approximately balanced source or load, as will be explained below.

25 With the left handed sense of the helical paths of the longitudinally extending elements
10A - 10D, the antenna has its highest gain for right hand circularly polarised signals.

If the antenna is to be used instead for left hand circularly polarised signals, the direction
of the helices is reversed and the pattern of connection of the radial elements is rotated
30 through 90°. In the case of an antenna suitable for receiving both left hand and right hand



The antenna 1 is nounted on a |laterally extending conductive surface 2
which, in this enbodinent, is forned by a wall of the casing of a coupling
stage in th&QYA a diplexer unit 3. An internal feeder S?WQP&WSEIA of
the antenna is coupled to the diplexer 10 unit 3 at a common port 3A
thereof. The radio conmunication equi pmentoi ncl udes a GPS receiver 4
connected to a first equi pnent port 3B of the diplexer unit 3 and a
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exanple, a first node of resonance is associated with a resonant frequency
of 1.575 GHz, the antenna exhibiting a maxinumin gain for circularly
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i npedance natziwogegLf units 4 and 5 to the antenna | in its 25 first
and second nodes of resonance, and isolates the two units 4 and 5 so that
they may be operated independently, i.e. largely wthout the operation of

one interferi w.th the atd on, of the, other., The diplexer unit . ||

e deddri bed Tk sHiPe fnirefRPmbE ity FheiniRd G4 Bopdnetive pisbics bt rovetby

is suitabl e fPghedt Metald platdd4,a8Bho WA In Piphird 5, With eHe pifted proximBDPérid suPfALs 12P

i nformation and the ability to conmmunicate via a cellular tel ephone are
electrically connected to the plate by, for example, soldering. In this embodiment metal
plate 24 is part of the diplexer unit casing and the inner conductor 18 of the antenna for
direct connection to a diplexer circuit as will be described below. Thg conductive lining

15 16 of the internal axial passage 14 of the antenna core is connected to the plated layer 22

of the proximal end face 12P of the antenna.

From Figures 2 and 3 it will be appreciated that the antenna is current-fed at its distal end.

In the first mode of resonancé, the sleeve 20 acts as a trap élement, largely isolating the

20 antenna elements 10A - 10D from ground. As shown in Figure 4A, the amplitude of
standing wave currents in the elements 10A - 10D is at a maximum at the rim 20U of the

sleeve 20 where they pass around the rim so that the two pairs of elements 10A, 10C and

IOB, 10D form parts of two loops which are isolated from the grounded proximal end face

12P of the antenna. Standing wave current minima exist approximately in the middle of

25 the elements 10A - 10D. Voltage maxima H and minima L occur at locations of current
minima and maxima respecﬁveiy. In this mode of resonance, the radiation pattern of the
antenna for right-hand circularly polarised signals is generally of cardioid form, directed
distally and centred on the central axis of the core. In this quadrifilar mode, the antenna
discriminates in the upward direction against left-hand polarisation, as mentioned above.
30 ’ '



required together. The arrangenment is particularly useful for installation
I n an aut onpbil e WO 97/ 37401

PCT/ GB97/ 00¥AYH Y whi ch case the GPS receiver 4 can provi BEVGRS”/M8AL o

wi th navigation information via the sanme antenna as a pernmanently installed
car phone or a portable cell phone plugge? i nto autonobile wiring. The
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conductor tracks on the cylindrical outer surface of a cylindrical ceramc
core 12 whi cipproximatelymidway betweenthe distal feied point andihe proximal grovnd commstien)e 14

Feeder cond dcirbt Saxinia podvolldee Bigirda G coubit ih o ot e phte fisehteet as e
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antenna el e s TOA™- 10OD. " The
surface of the sleeve 20, but here they do not affect the radiation pattern of the antenna.

10 The antenna exhibits quarter wave resonance in a manner very similar to a conventional
inverted monopole with a predominantly single-ended feed. There is little current flow
around the rim 20U, which is consistent with the single-ended feed. In this mode, the
antenna exhibits the classic toroidal pattern of a monopole antenna with signals which are
linearly polarised parallel to the central axis of the core. There is strong discrimination

15 against horizontal polarisation.

The antenna 1 also has a third mode of resonance, as indicated in Figure 4C. Thisisa
higher frequency single-ended mode in which the antenna, instead of having an electrical
length of about 180° at the relevant operating wavelength, has an electrical length of about
20 360° (i.e. from the distal feed point to the ground connection of the sleeve). The-
frequency of resonance is about double that of the resonant frequency in the second mode
. of resonance. As in the second mode, the standing wave pattern exhibits current maxima
and voltage minima at the two extremes, but in this case there is also a voltage minimum
L electrically midway between the extremes, and two intermediate locations of voltage
25 maxima H, as shown in Figure 4C. The radio communication apparatus of Figure 1 does
not make use of the third mode of resonance, but appropriate modification of the coupling
stage 2 could allow connection of circuitry operative at the relevant frequency of

résonance.

30 It follows that although the apparatus described and shown is intended for use at 1575
MHz and in the 800 - 900 MHz cellular telephone band, alternative arrangements are



antenna el ement structure al so includes corresponding radial antenna
elements | OCAR, IOBR, I0CR |ODR forned as netallic tracks on a distal end
face 12D ofW@PH3MBY e 12 connecting ends of the respective | BRYGBIHMEA |y

extending elenents 10A - 1OD to the 20 feeder structure. The other
ends -of the antenna elenents |CA - | OD arlg connected to a common conduct or
in the formof a plated sleeve 20 surrounding a proximal end portion of the

o e T e 20, LR AR A KR St i o
material of IQe,f05fonk’siffilat & ﬁsmg)h ﬁls%eotfsag %f)fell)ggl e dpper bAd Eswet cellalar e

defined by the antenna el enents 2 and ‘the sl eeve 20. The
preferred nafefephote bands, i ec8000r990 MHz and 1 7a0on1 80:MHz.corat GPB fesquenexrandijust
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produced by extrusion or pressi

PCTG GB97/ 0084lurdlily ofi singletendedimotesiefiresonafde are pos3ible drwhichtherlectricallength| i ¢

conductor tracks bonded to the outer, cylindrical and d surf.aces of .the
the g ﬁlerﬁ‘lsaﬁif?%ﬁ%

core 12, eac UGRYSRArS Petivegn Fonp groundyng coppection o
its operativgemeaahr sildVe i Eqiiakfo TR Y80t Y B¥éctve resinhhtTFrdgiencies, n being an
 integer, i.e. 1, 2, 3, ... . In the two single-ended modes described above, n =1 and 2
10 respectively. Each of these modes is dharacterised by a current maximum at the junction |

of the trap or sleeve and the feeder structure, i.e. at the ground connection of the trap or
sleeve, and by currents in the diametrically opposed helical elements of each pair being
spatially in phase with each other. In contrast, in balanced modes, such currents are in
phase opposition, i.e. equal currents flowing in opposite directions.

15 _
Similarly, it is possible to have balanced modes at higher frequencies than the first mode
of resonance described above, in which modes the average electrical léngth between the
distal feed connection and the trap, specifically the rim of the sleeve, is about m x 180°,
wherem=1,2,3, ... -

20 .
For an antenna capable of receiving GPS signals at 1.575GHz and cellular telephone
signals in the regions of 800 to 900 MHz, the length and diameter of the core 12 are
typically in the region of 20 to 35 mm and 3 to 7 mm respectively, with the average axial
extent of the sleeve 20 being in the region of from 8 mm to 16 mm. A particularly

25 preferred antenna as shown in Figures 2 and 3 has a core length of approximately
28.25 mm and a diameter of approximately 5 mm, the average axial length of the sleeve
20 being about 12 mm. One surprising feature of the quadrifilar mode of resonance is that
the performance in this mode is tolerant of some variation in the average axial length of
the sleeve 20 from that corresponding to a transmission delay of 90° at the respective

30 resonant frequency, to the extent that this length can be adjusted to obtain the required

resonant frequency in the second mode of resonance. However, if it is necessary to vary



plating the surfaces of the core 12 with a netallic |layer and then

sel ectively g the 5 | ayer to expose the core. Renoval of the
netallic |a§7;é’e%é be perforned by etching according to a paRqTé?ﬁ”ﬁ)Bfﬁli ed
in a photographic layer simlar to that used for etching printed circuit

boards. Alternatively, the netallic materi@l may be applied by selective

deposition or by printing techniques. In all cases the formati on of the
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surroundi ng the feeder structure 16, 18, with the materi al of the core 12
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state at an axi al p05|t|ona<r:;enera l% at the sa
. - Currents in the helical elements 10A - 10D may be regarded as resulting in leaky guide

propagation, while those occurring longitudinally in the sleeve 20 produce non-leaky

guide propagation, occurring as they do on the inside surface of the conductive layer

15 forming the sleeve.

Thus, for example, a guide parameter €4 for lines formed by the antenna elements can be

characterised for various helical line pitches. Each helical line can be regarded for the

purposés of axial propagation, as a transmission line surrounded by a dielectric medium

20 of relative dielectric constant €, which is dependent on the relative dielectric constant €,

| of the core, and the core and element geometries. This parameter €., can be measured by

performing eigenvalue delay measurements which yield phase velocities in the lineé, in

turn yielding values for € 4 resolved in the axial direction. For instance, measurements

may be performed for a core diameter of 5 mm and various helical pitches to produce a

25 graph in which €4 is plotted against pitch angle, which allows estimates for €. to be
made at intermediate pitch angles.

Characteristic line parameters can then be used to construct an antenna in which each
opposing pair of helical elements is dimensioned to correspond approximately to the
30 required total electrical length of A, i.e. 360° in phase at the frequency of resonance
required for balanced operation (the “first"mode of resonance réferred to above). In fact,



25 axi aI di stance fromthe proximal end as the average axi al position

of the upper |inking edge 20U of the sleeve 20. As w | |gure
2, the sl eeWQ 5’5 NLs an i rregul ar upper |inking edge or r| m %@4’%@45 it

rises and falls between peaks 20P and troughs 20T. The four |ongitudinally
30 extendi ng el enents 10A - 10D arejgf different |lengths, two of the
el eménts 10B, 10D being |l onger than the other two 10A, 10C by virtue of the
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i ntended for receptign of circularly polarised signals when resonant in the
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are sinple helices, each executing a half turn around the axis of the core
12. The 5 | onger elenments | OB, | OD have a longer helical pitch than
the shprter gf as ¢4léulated €K lehgedb opthiethelital Iewmms;mmedmcammﬂdof@omd
correspondi ng radial elenments (for exanple 10A, 10A %ltutes a
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wavel ength in the first node of_ resonance, where o
180° to produce the required electrical length for the sleeve In this case we choose 180

10 if single-ended operation is required at a lower frequency than the first mode,

corresponding to the “second” mode of resonance shown in Figure 4B. It is then possible,
knowing the required lower frequency for this “second” resonance mode, to estimate the

approximate length of the sleeve.

15 If, instead, a higher frequency is required for single-ended operation, 360° is chosen as the
total electrical length of helical elements and sleeve, since the “third” mode of resonance
illustrated in Figure 4C (or one with a greater number of standing wave peaks) is used.

Considering now the coupling of the antenna to radio communication circuitry, the

20 diplexer unit 3 of Figure 1 contains a pair of filters, a reactance compensating stub and an
impedance transforming element to match the antenna to both units 4 and 5 and to isolate
the signals of one with respect to the signals of the other.

In an alternative arrangement the antenna may be mounted spaced from the diplexer unit
25 3 as will be described below with reference to the Figure 8.

Referring to Figure 5, the diplexer unit 3 of Figure 1 has a screening casing (as shown in
Figure 1) enclosing a single insulative substrate plate 30 with a condlictive ground layer
on one side (the hidden side of plate 30 as viewed in Figure 5), the other side of the plate
30 bearing conductors as shown. These conductors comprise, firstly, an impedance

transforming section 32 as a conductive strip forming a transmission line section
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coupling the filter to respective equipment connections 44.

As will be apparent from the different sizes of filters 36, 38, they are tuned to different
frequency bands, in fact the two bands corresponding to the two modes of resonance of

15 the antenna 1.

Impedance matching at both resonant frequencies is achieved by the combination of the
transforming section 32 and an open-circuit ended stub 46 extending from node 34 as

shown in Figure 5.

20
Transforming section 32 is dimensioned to have a characteristic transmission line
impedance Z, given by:- ' _ |
Z,=V(Zs2) |
where Z, is the characteristic impedance of the antenna 1 at resonance, and Z, is a selected
25 load impedance for the node 34 to suit filters 36 and 38. The length of the transforming

section 32 is arranged to correspond to a transmission delay of about 90° at a frequency
approximately midway between the two frequency bands corresponding to the first and

second modes of resonance, in this case approximately 1.22 GHz. The effect of the

~ transforming section 32 at different frequencies is illustrated by the Smith chart of Figure

30 6A which represents the impedance seen at node 34 due to the transforming section 32 in
the absence of the stub 46 over a range of frequencies from 0.1 to 1.6 GHz. Sections A.
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connected to he de t . et al
Pt e pa i & PRl Brfidbied sl re PO EHTR S the SR G il B0 ATIONG Bl
the ang enna fihé infpedaside p@@eﬁte@waFr bly@nib 4&5@&1@&@34 iirélatively Bigh)¥slis evident from
descri bed bel ow The conductive [ining 16 of the internal axi al

passage 14 ofthe ped efithecueveds Figure 6Bdmmg:¢le@|e togthe pright-handeside eof the chart.oWithhe

Poorectat od_ (HAPEIEFefent) ind BhEdfke fesR praid € peirBiiEs ot ol it
node of resongffitnpetififte Poift ¢erresPondih t@s frRqhémy aﬁbﬁmtelylrﬁa%wemhmé ng
t he 20 antenna el ements 10A - D from ground. shown 1 n Figure 4A

the anpli tudé‘rquemyabmds\gsand\Hedmmrtbqsdemedhnsﬂupéa@hﬂg 10A - 10D is at a

maxi Wat the rim20U of the sleeve 20 where they pass around the r| m SO
t hat e two pairs of elenments 10A 10C and

Comparing Figures 6A and 6B, it will be noted that the impedance at node 34 due to

transforming section 32 in band A has an inductive reactance component, whilst the
impedance in band B has a capacitive reactance component. In the Smith charts, the
curves emanating from the right-hand end are lines of constant reactance. From Figure
15 6B, it will be seen that the stub 46 is so dimensioned that the reactance component of the
‘impedance presented solely by-the stub 46 at node 34 in band A is capacitive and at least
approximately equal to the inductive reactance in band A shown in Figure 6A. Similarly,
the impedance due to stub 46 in band B has an inductive reactance component which is
at least approximately equal in magnitude to the capacitive reactance component in band
20 B as shown in Figure 6A.

Referring now to Figure 6C, the trace of the impedance at node 34 due to the combination
of the transforming section_32 and the stub 46 follows a loop which begins, at low
frequency, at an impedance corresponding to the source impedance at the port 3A
25 indicated in Figure 1. With increasing frequency, the trace follows a loop which crosses
the resistance line twice. The first crossing corresponds approximately to the centre of
band A as shown by the curve in Figure 6D which is simply a portion of the curve shown
in Figure 6C corresponding to frequency band A, whilst the second crossing of the
resistance line represents the approximate centre of band B, as shown by the curve of
30 Figure 6E which is also a portiori of the curve shown in Figure 6C. In this way, the
elements of the diplexer perform a good impedance match of the antenna 1 to the filters



iOB,_lOP foan1parts of two | oops which are isolated fromthe grounded
proxi mal end face 12P of the antenna. Standing wave current_mnina exi st
appr oxi mat ¥997374he niddl e of 25 the el ements 10A - TOHGBYHPE4L
maxi ma H and mnima L occur at | ocations of current mnima and nmaxi ma
respectively. In this node of resonance, {dfie radiation pattern of the
antenna for right-hand circularly polarised signals is generally of

o o AL bt A S Rl Aol
direction agaf Rkt paiiy foARe rédetafbdsiiieitd the Bmsfirming®@etombBuch filiét presehis a

97/ 37401 . o PCT/ GB97/ 00841 13 In
thi s enbodi nmeelatively bighdmpedinowatdhefrequsneynefithe other filterathershy providimgdsaigtion d

represents a node which,s, quite different fromthe first node of
resonance, a?"'mlg’#w&ﬁq@%@.“ gain, the antenna is current-fed at the
t op, tyt standi ng wave currents decline to a m ninmm and voltages to a

maxi mim H i n t he ant enna el enents 10A - 10D at or near the 5 rim20U
of the sl eevdn fispexmirplecshoivn in Figure bghisrisclation: is useditodsalate adGRS receiver 4 from

regi on being approxinately md be en the.distal .feed point and the
proxi mal groff E@BE@PP% Pﬂfﬁc‘gﬁ{‘ ﬁwﬁ&‘%ﬂ%“%ﬁ“ﬁége m nima (L) occur at
the two extrenes, i.e. at the distal feed point and the proximl ground

connection. The currents are relatively high on the inside
The diplexer 3 is appropriate when the radio communication units 4 and 5 (see Figure 1)

10 are to be operated simultaneously. In some instances to which the invention is applicable,
simultaneous operation is not required and a coupling stage including an R.F. switch is
more appropriate, as shown in Figure 7. The feeder structure at the proximal end of the
antenna 1 is coupled via a common signal line or port 47A via an impedance matching
section 48 to a two-way R.F. switch 49, which is typically a P.LN. diode device.

15 Depending on the state of the switch 49, the common line 47A is coupled to one or other |
of the two further signal lines or ports 47B, 47C to which different communication lcircuit

units may be connected.

The nature of the impedance matching section 48 is dependent on the frequencies to be

20 accommodated. In some instances, such as a system intended for use of the antenna 1
with units operating at close frequencies, a simple 90° transmission line transformer, like
section 32 in the diplexer of Figure 5 may be adequate. An example of such a system is
one combining PCN cellular telephone operation (at 1710-1785 MHz and 1805-1880
MHz) with DECT wireless local loop telephone operation (at 1880-1900 MHz).

25 Alterhatively, where the frequency bands are more widely spaced apart, a dual-peak
impedance matching arrangement may be used, such as the combination of a 90°
transformer and an open circuit stub, like transformer 32 and stub 46 of the diplexer of
Figure 5. In this case, the switch 49 is connected to the junction of the transformer and
the stub.

30



surface of the sleeve 20, but here they do not affect the radiation pattern
of the antenna. 10 The antenna exhibits quarter wave resonance in a
manner ver yWO9ABT48F to a conventional inverted nonopol e wit RCF/GBI700841
predoninantly single-ended feed. There is little current flow around the
rim20U, which is consistent with the singje-ended feed. In this node, the
antenna exhibits the classic toroidal pattern of a nonopole antenna with

[ | s whi i, I i i
000 e B AR R R L bR |
pol ari sation -onﬁhﬁte?ﬂ?%%@dﬁlgeﬂoﬁﬂu&ﬁ% srfhdd 2 Grhivhgeatier thiahcteivigpaet ofesdiplexer

indicated in Figure 4C. This is a hi ?her frequency single-ended node in
whi ch t he antcesing, fotms partaf aotherymatallig strugtute; suchas ajvehiclabody. s antenga sy |

at the rel evant _operati vel enat he.  h i

So0Lerr] (1 eouplelibheR s A fn BRChRmat 3oy L L b cba cari b Sofipled A the 20
sl eevey . The ohfatiftrl3 2 bf 4 GpRREIS; the lattedbeinp sibsild tethe diplexet of the embsdinwent
frequency in.the second node of resonance. in the second node, the

st ?ndi ng vvgv eie_ﬁtaiheﬁ abovexwitlyreferencgito EigurerhxFeed cablg 3\hgs an innerpondystos coynled ¢ wo
extrenes, but in this case there.i |so t I ¥4 & '
m dway bet weéﬂ@M%%@W@ﬁﬁ%ﬁ%ﬁﬂ@%@%@%%hﬁh@o da‘%?‘ %
maxi ma H, as giyedprétimal Gatecofithe a’ﬁt&nﬁaditomemifslufércaidi ohcabilp 50 Athesshidld is

o)

Figure 1 does not ‘nake use of the third node of resonance, but appropriate
modi fi cati on cohnedted twthe diplexer aapingand directly poindirsethe tq thengwund iplang; of 3/

' h | e .eS 0k ' .
T hobbh e TRTSEaR ARPICHee PO SO S Sabiin SRIERp et sboy p PR &, ' 175\

and in the 800 - 900 MDz cellular tel ephone band, alternative arrangenents
are '

Unless the characteristic impedance of feed cable 50 is the same as the source impedance
represented by the antenna 1, the cable 50 acts as an impedance transforming element.
The extent to which this occurs depends on the length of the cable and the value of the
15 characteristic impedance, and the microstrip diplexer element is correspondingly altered |
such that the required total impedance transformation occurring between the antenna 1 and
the node 34 of the diplexer (see Figure 4) has the same effect as the transforming section
32 of the diplexer of the first embodiment described above, and shown in Figures 1 and
4. Thus, the electrical length of the combination of cable 50 and the impedance
20 | transforming section of the diplexer 3 is about 90° at a frequency approximately midway
between the two frequency bands corresponding to the first and second modes of
resonance. It is possible, therefore, for the microstrip diplexer to be as shown in Figure
4 but with impedance transforming section 32 having a much reduced length, or being
formed at least in part by a microstrip section having a characteristic impedance equal to
25 the load impedance at load 34. Typically, feed cable 50 has a characteristic impedance
| of 10 ohms.

The system of Figure 8 uses the alternative antenna mentiohed above, in that, while
having four helical elements which are generally coextensive and coaxial, two oppositely
30 disposed elements follow meandered paths to achieve the differences in length which
bring about the required phase shift conditions for a quadrifilar helix antenna for circularly
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14 possible_ogperating additionally in the 1700 - 1800 WMHz PQ\..

t el ephone b&'ﬁ&"""ﬂé antenna or one simlar to it may al so bMé%J’IMI y in
t he upper and | ower cellul ar tel ephone bands, i.e. 800 - 900 MHz and 1700 -

1800 MHz, or at GPS frequency and just thejupper cellular tel ephone band.
Ot her conbi nations are possible, of course, and the 5 di nensi.ons of

bl ur i £y of "EaTeE SErlE The e O dic Hiror cebelS 183 me pIRNRERhe inblar
el ectrical | epfioteisldeie20 didWnGh Fighird2, sb $hdt & thiseintiodemetit sleave 2Ckaaycircular

connection and the grounding connection of the trap or sleeve is equal to n
x 180[err] atupper edgewhich extendssaround the antemncears atp ennstgt distance dgom the o

1, 2, 3,. In_the two,sjngle-ended des.descri =

respecti vel y.prEﬁ’H'FES?d't E%@ctﬁ’ﬂ nif%%?‘i%?aé??‘%g% tggﬂaégg%e??déﬂ%m grrlgtgicfgrnugl’wgat
the jusction ghievBEad sutlinedlabsVERIE ai Btehdin fRRAQE amiultiplierfor eJﬁ obtaimd fone - -
ground connection of the trap or sleeve, and by currents in the

di anet ri cal | ysimplechelia of ¢he samie ayerage pitch angleach pair being spatially in
phase with each other. In contrast, in balanced nodes, such currents are in
phase opposition, i.e. equal currents flowing in opposite directions. 15

f‘hfeﬂ } ar 'Sty n{)gléi the BRSOt dbsbiibiR dbRVEIEE dnieREE afd litE' beilling stz 2eae iskowi han
connected to separate radio communication devices. It will be understood that the
10 invention can be applied to an integrated device such as that shown in Figute 9, In this
example, a single handheld unit incorporates both GPS and cellular telephone circuitry,
specifically a GPS receiver 4' and a telephone transceiver 5'. These, together with a

diplexer 2' and an antenna 1 are all housed in a single casing 60.



of resonance described above, in which nodes the average electrical |ength

bet ween the_ dist feed connection and the trap, specifical. I.m of
t he sl eeve,wqgwg ut mx 180[err], where m=1, 2, 3, 20 Fo*éy#ggmog@na

capabl e of receiving GPS signals at 1.575GH and cellular_tel ephone signals
in the regions of 800 to 900 MHz, the | epgth and dianmeter of the core

are typically in the region of 20 to 35 mMmmand 3 to 7 ' ith
t he average axial extent of the sl eeve@&@ng in themmmmnﬂmn!'rmn
to 16 nm A particularly 25 pr ef ntenna as showh in M gures 2
and 3 has a core length of approximately 28.25 nm and a di aneter of

approximately 5 nm the average axi al length of the sleeve 20 being about
12 mm One shr priRBadig cogununication apparanssemprising amenenngs ande sopnasted tosthe hat

the performange in_this node.is tolerant of vari at | ge
axi al | engt HFRFIRH AT 8@?%"‘&?’6 ﬁ{ff'ﬂgfneg‘gﬁ Péeg%@ﬁ&? ﬁ*gf]e%%tqgvot &%@%@g@éﬁ
del ays of 90| nd, wHerdift &xeraﬁ&aﬁatédﬂépis%&)an elongaté EElROE0 Cote] £fpe@eraiuctute which
extent that this length can be adjusted to obtain the required resonant

frequency i rpassas thumghdheroors substantialiy-from onecsnditerthe pther end of theceorsaand. ¢ o
vary WO 97/ 37401

PCT/ GB97/ 008854t94 07 Aradiagent the gyter sprface of the gare,the series gombjnatiop of at least one
wavel engt h téiahodi€ donandtive Cariténriahdlement and a conductive trap element which: has a

grounding connection to the feeder structure in the region of the said one end of the core,

10 the or each antenna element being coupled to a feed connection of the feeder structure in
the region of the said other end of the core, and wherein the radio communication circuit
means have two parts operable respectively in a first and a second of the radio frequency
bands and each associated with respective signal lines for conveying signals between the
antenna feeder structure and the respective circuit means part, the antenna being resonant

15 m a first resonance mode in the first frequency band and in a second resonance mode in
the second frequency band.

2. Apparatus according to claim 1, whereixi the first and second modes of resonance
are associated respectively with substantially balanced and single-ended feed currents at

20 the feed connection.

3. | Apparatus according to claim 1 or claim 2, wherein the conductive elements of the
series combination, and the dielectric core, constitute a unitary structure having a plurality
of different modes of resonance which are characterised by standing wave maxima and

25 minima of differing patterns within the unitary structure.

4, Apparatus according to claim 3, wherein the antenna is formed without lumped

filtering components dividing the antenna into separately resonant parts, and wherein all

conduction paths of the unitary structure are available to currents at all ﬁ'equenéies, the
30 resonant paths at each resonant frequency being the preferred paths at that frequency.
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. [ —
‘antenna in the quadrifilar node deteriorates to an unacceptable degree, it

hfpfﬁiZLbtqut»‘%f'vé‘oiﬁé‘c.Ifllﬂllﬂtlﬁlllﬂﬂﬂtlllﬂ ctive surface ad acHRrERDBRicna
(see Figure 1)) to restoré at |Bast dn approximtely 5 bal anced

current drive at. the antenna distal faceyql2D. In the design process used to
determ ne the above di nensions, a coarse approximation ignores those

regi ons of the antenna wher rin Qf.. evanescg

opposed to Pegi orhlg’pﬁﬁg*s ?l@lq r@‘?’@ﬂ%‘? %‘%é@ﬁg&fﬁ{g%‘i ll|dng as
transm ssi OgjeldcifiSmatéfial having aTélh@vefdiela@naso&%h thR@ 5 Vdndwatibrein tnehme
provi ded by the distal radlal el enments | OAR - DR, the Tim20U of the

sl eeve 20 asetigshwonybinatiomegoniprises ztzleesesmemayw%bnglt@mgaly) coeetﬂnsremeiongntet he

helical elenments 10A - be re rded res Ltin
propagatlonanﬁﬂ??gemgs@“géga %’PP ﬁlat‘ﬁﬂﬂ eweteﬂgné}rlgg.%}‘%g produce
non- lseaky gy SUFIRERAL | on, occurrl ng as they do on the inside surface of
t he conductive |ayer 15 form ng the sleeve. Thus, for exanple, a

gui de paraneter [err] for lines formed by the antenna el enents can be
characterised for, vari ous ical I|ne I.tc |

regarded fo the %ﬂﬁﬁg’@ gem [ﬂ%‘ﬂ% ?&8‘??“‘3?:%%&5&%?%3‘110%
surrounded by a ‘”ah%ﬁﬁei H‘e atedxele&ﬁcé&é%ile!ﬁoﬂé@ioﬁ téndubtive ant
[err] which is dependent on 1he reIa ive dielectric constant c&err] of the

core, and t fiementenarddiscentantoutpr suefacs afs diftal parpef thewors: afcon qcnmﬁleg\ee

v”‘éfiﬁqr?f’eﬁy.sﬁfr%{a@msaigo AL il A HecoR AP Aolometoaitl (oef Pl ol o

axial dir eCft@%%; ot} Whefffthe Eﬁéél&x@&i%bﬁdme CRnRAF é:ﬁ&ﬁ&(befvﬁéen% &sBe
di anet er of var| ous helical pitches to produce a

connection to the feeder structure and a distal rim of the sleeve, and the sleeve is
proximally coupled to the feeder structure; and

a coupling stage having a common signal line associated with the feeder structure,

15 at least two further signal lines for connection to radio signal processing equipment
operating in the said frequency bands and, connected between the feeder structure and the

further signal lines, an impedance matching section and a signal directing section, wherein

the signal directing section is arranged to couple together the common signal line and one

of the two further signal lines for signals which lie in one of the bands and at which the

20 antenna is resonant in a first mode of resonance, and to couple together the common signal
' line and the other of the two further Signal lines for signals which lie in the other band and

at which the antenna is resonant in a second mode of resonance.

7. An antenna system accordmg to claim 6, wherein the coupling stage is a diplexer
25 which has filters coupled between the common signal line and the further signal lines, the
filters including a first filter associated with one of the two further signal lines and tuned
to an upper frequency which lies in one of the said two frequency bands and a second filter
associated with the other of the two further signal lines and tuned to a lower &eduency
which lies in the other of the two frequency bands. '
30



25 graph in which [err] is plotted against pitch angle, which allows
estimates for Jerr] to be nmade at | ' wweh angl es. Characteristic
Line par ane¥@P&3¥8h then be used t”lWHWr ﬁ“ﬂl'ﬂ”lﬂtenna i n PRIRIGRI7/8084h

. AL

opposing pair of helical elenents i%s i nméns®oned t0 correspond

approximately to_the 30 required tg{‘al el ectrical length of [err],
i.e. 360[err] in phase at the frequency resonance required for bal anced
ggle‘r?)?tdflo(in (tsf)e fAﬂgxgtennnaDs%gtegIacrcgs ngatr(])Ccaixrne ,ev&rrl{eggm%)ec%%% ing ln'g{;\%ltgggsl 1\6/3\1-)

to achieve : 'gﬁ.&ﬁg rd ' RO lef b ﬁt"@"*‘ gmﬁ?ﬁi nt
to 360[err] l%'gfilgx(ﬁ’%‘lreque cﬁ@idgﬁﬁeﬁb%%ﬂ%egﬁe resglﬁgnt reSY ency,
and t he ot hdinemadrthg$id ene further sighal dine ®n between ¢iet domrhen signaldineraad tke said
Havi ng thusmcigl cfg‘l_tﬁt ed tpg}el engths of the helical elenents, the electrical
| engt h of t H&YE TBTRTHS ®the required resonant frequency in the second
nmode ©f resonance may be determned by sinply scaling by the ratio of the
two frequencies of the two resonant nodes, and subtracting the scal ed

l ength from%he oAmauntthnarsystemcceordingctbrany af claimg6 ko 8fwhdtéindhe intemmatasdtice
t he requi reol el ectriaéaqlqtj engt h f,orbgfge sl eeve. éeg this case,we choose
180[ err] 10 leasttwomp nancs dp whish,the said\paic.of clongateconductive elerments and
frequency t | ﬂﬂ&ﬂ leh& ﬁ%%edmﬂﬁ ;
resonance sm% .{ﬁ'ﬂg it |(§sn%tﬁ en posgélﬁaf%é,wve t 6 said
modes of resonance. _ _
10 | '
10. An antenna system according to claim 9, wherein at least one of the resonant
frequencies is defined by the sum of the length of the sleeve and the length of the elongate

conductive element.

15 11.  An antenna system according to any of claims 6 to 10, wherein the sleeve and the
feeder structure together act as a balun in at least one of the modes.

12.  Anantenna system according to any of claims 6 to 11, wherein the first and second
modes of resonance are associated respectively with substantially balanced and single-
20 ended feed currents at the distal end of the feeder structure. '

13.  Anantenna system according to any preceding claim, wherein the dielectric core
has an outer surface defining an interior volume at least half of which is occupied by a
solid insulative material having a relative dielectric constant greater than 5, the antenna

25 having a least one pair of the said elongate conductive elements located in a longitudinally
co-extensive and laterally opposed relationship on the outer surface of the distal part of
the core each with respective distal connections to the feeder structure and the distal rim
of the sleeve, and wherein the common signal line of the coupling stage is coupledto a
proximal end of the feeder structure.

30
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knowi ng the required | ower frequency for this "second" resonance node, to

estimate t I ma sI eeve. 15 ' I nst ead

hi gher fre}sgﬁglg;"% ﬂl"ﬁm'l\moﬂ,“h ,; -ended operati on, 366F€ﬁﬁ97lp@4bhosen
as the total electri cal *| engt wcal el ements and sI eeve, since the
“third" node of resonance illustrated inssigure 4C (or one with a greater

nunber of standing wave peaks) is used. Considering now the coupling of the

3 f
B gure 1 oot no Al Bt &lefacehiditt i 5 whdein the S ode Strpliftaboss
i rpedance trmmmmoﬁemiaﬁbfﬂﬁammaﬁtheupp&ﬁe@ﬁnwbyeﬁﬂfemm&c&néaﬁmd 5

and to isolate the signals of one with respect to the signals of the other.

In an al t er neanngetionsrafifhe elangatergond memmmmgma@m eite

di pl exer uni e t he
Fi Gure 5. RePRRimRg ?:r-gnu gt 1ot B8 3t ing By £ bt e ool
screepi ng caeonaﬁcﬁaes efehﬁ?ﬁﬁ from-igfbiing, hnd atedréifil the skcond tddle! OF rdsohdnce is
substrate plate 30 with a conductive ground |ayer on one side (the hidden

si de of pl at ¢hasaptesised incaperation of thgiantengs at the, lower frequenry|by avoltags minimumay

medance 1 St SaBiReqr HEERRIB i tiet sGOB P (o i ng n

transm ssion |ine section WO 97/ 37401

PCT/ GB97/ 00841 17 )
15. An antenna system according to claim 14, wherein the upper frequency is a

10 function of the electrical length of the elongate element, whilst the lower frequency isa
| function of the sum of the electrical length of the elongate element and the electrical
length of the sleeve.

16.  Anantenna system according to claim 15, wherein the average electrical length of

15 -the elongate conductive elements is at least approximately 180° at the upper frequency,
and the sum of the average electrical length of the elongate conductive elements and the
average electrical length of the sleeve in the longitudinal direction of the antenna is at least
approximately 180° at the lower frequency.

20 17.  An antenna system according td any of claims 6 to 16, wherein the at least one
elongate conductive element and the sleeve, together with the core, constitute a unitary
structure having a plurality of different modes of resonance which are characterised by
standing wave maxima and minima of differing patterns within the unitary structure.

25 18.  An antenna system according to claim 17, wherein each of the said patterns of
standing wave maxima and minima exist on the outer surface of the core between the
distal connection of the at least one elongate conductive element to the feeder structure
and proximal coupling of the sleeve to the feeder structure.



extendlng bet ween one end 33, mhlch I s connected to the antenna |nner
conduct or, e”ﬂlllﬁ forms a circuit node. Second

" connect ed t‘gagﬁéﬂﬁb I ass filters 36,38. EafRT {(?53971
constituted by three i nduct ive y coupl ed parallel-resonant elenents, with

each el enent being forned of a narrow i nggctive strip 36A, 38A grounded 5
at one end by a pl ated-through hole 36B, 38B and having a capacitor plate

36C, 38C at e o | ' t ctor
on the ot herltdsjurf‘gige 0 e su#&@ggggﬁﬁafﬂéh{g%@rgfb«g%@ﬁ;@é%p&qsggeﬁ

t he i nducti \Aghndniéqbb&i}'/bfc&ﬁMmalenaltwmtlma)ﬁaleboﬂafbonmxﬁnglmeﬁeddrmmm&mt ter
by an electrically ggrt tappj ng conductor 4Q, which is tapered to effect a
further inpetbereid the elongate ve ¢lements grechelisal. t he i nduct i ve stri p -
furthest 10 fromthe node 34 is coupled to tapping lines 42 (which
are also tapered near the filter) coupling the filter to respective

equi pfrent cdlhect Anrmitehfia spstem adcobdingpo il 16, whereinethdi dlosgate corductive Of
filters 36, ofj t hey a,re éuned to dlfferent frequency bands, in fact the
two bands cdfIFTBEWS Fonsigt © “Y‘I’IQW frhslical elements, thenelements of each pajmbeing

ant enna 1. g@gghaeﬁ;or {1 B eidleyiRdfical SRR A Fack 0P HSIAR it s B DEY Bélr Y

t he conbi nat I on ng section an open-cCcilrcul

stub 46 ext epeitigiongerdimnthete @&e&nhabmwhmw the fiest mode Of resaimt®1s diular
section 32 is _dinensioned to have a characteristic transni ssion |ine

i npedance Zz[Ralgr]sation modg pssociated,with-ciralar]y pylarised signals dinected along the central

10 axis of the core, and the second mode of resonance is a linear polarisation mode associated

with signals polarised in the direction parallel to the core axis.

21.  An antenna system according to any of claims 6 to 20, wherein the diplexer
comprises an impedance transforming element coupled between the common signal line

15 and a node to which the filters-and an impedance compensation stub are connected.

22.  An antenna system according to claim 21, wherein the impedance transforming
element, the filters and the stub are formed as microstrip components, the transforming
element comprising a conductive strip forming a transmission line of predetermined
20 characteristic impedance, and the stub comprising a conductive strip having an open

~ circuit end.

23.  An antenna system according to claim 21, wherein the filters are microstrip
bandpass filters connected to the node by conductors which are electrically short in
25 comparison to the electrical length of the transforming element.

24. A radio communication system comprising an antenna system according to any of
claims 6 to 23, a satellite positioning or timing receiver connected to one of the said
further ports, and cellular or mobile telephone circuitry connected to another of said
30 further ports, the antenna and the filters being configured such that the one of the upper



whgrg[ VA| e]rr] is the characteristic inpedance of the antenna 1 at resonance,
an err] is a selected 25 . the no ui t
Tilters 36VhYRIEN The | engt h of trlmumnmﬂwmctlon 3 ST%%&%’ lged to
correspond to a transnmission delay of d#bodt 90[&rr{ at a frequency

approxi mately m dway between the two freg zency bands corresponding to the
first and second nodes of resonance, in t is case approximately 1.22 GH.

The effect of ,the tyansfor ection i ffer.ent '
1T uct r at oo % 1qver eiencsds et th i Sharfithe Band of e 184l anl RAARCH B |
i npedance S%HIMKEéﬁﬁeﬁéleﬁh@lh%éWﬂn@rtﬁhebmﬁgn&ﬁwk@h&%¢1fi:uitbe absence

of the stub 46 over a range of frequencies fromO0.1 to 1.6 GHz. Sections A
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an o] cu icate t uenc bands C and
1.575 GHz, g’r?d | tEWRqFX"S °'s"é’é‘ﬂﬁ’i'$1§{0“aa’$%¥’ia §2’% g'%g eq{abet%au ny‘%}é

the cgntre of ‘MH? i&hed frequency bet vveen the two bands, as mentloned
above. The. e ct gn % (see Figure 5) is now considered with

reference to t he ﬁmmﬂedammformqgﬁlan&ﬁ in the fooy of iadengsh of transmyssion line t he

| npedance presented sol el e 34 | at i 1 S
evi dent f r orB3VIE Q§ENd O ‘ﬁé)%lﬂ: @Hpqﬂ ﬁ’ﬁ ﬁ‘%§8x?%ﬁ\%t' %gr&h’c‘%
right-hand sj c’ﬂ of the chart. Wth increa5| ng frequency, the inpedance
passes around the perimeter of the chart through a zero inpedance point -

correspondi ng to atléastfjrst and sezppd eqiipmert opnnéationy, bet ween t he
10 a first bandpass filter tuned to one frequency and connected between the node and
the first equipment port.

a second bandpass filter tuned to another frequency and connected between the
node and the second equipment port, and
a reactance compensating element connected to the node.
15 |
26. A diplexer according to claim 25, wherein the reactance compensating element is

a stub element.

27. A diplexer according to claim 26, wherein the impedfance transforming element
20 and the stub are miérostrip components, in the form of conductive strips on one side of

an insulative plate,. the other side of the plate having a conductive coating acting as a

ground plane, and wherein the stub element is open circuit. '

28. A diplexer according to claim 26 and claim 27, wherein the length of the

25 ~ transmission line forming the impedance transforming element is such as to effect a

~ resistive impedance transformation at a frequency between the upper and the lower
frequency whereby the impedances at the said node due to the transforming element at the

two frequencies have, respectively, a capacitive reactance component and an inductive

reactance componenf, and wherein the stub length is such as to yield inductive and

30 capacitive reactances respectively at the two frequencies thereby at least partly

compensating for the said capacitive and inductive reactances due to the transforming
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frequency bands A and B due to the sel...ect ed ljiﬂt hs of stub 46. 10
i

Conparing Fj A and 6B, it will g ﬂ Jmll npe at _node 34
due to tra&ggﬁﬁ“ﬂg section 32 in ban ﬂmlu H ti " ve rg%[c}f ¢R0841
conponent, whilst the inpedance in band B has a capacitive reactance

conponent. In the Smth charts, the curveg emanating fromthe right-hand
end are |lines of constant reactance. From Figure 15 6B, it wll be

pedance prasrtiy B b398 aftEaak RapRheiduek e AR g R AgGlnclts 11
capaci tive aWHichiis mofsSheadlpésistivent el y equal to the inductive reactance in

band A shown in Figure 6A. Simlarly, the inpedance due to stub 46 in band
B has an inductive reactance conponent which is at |east approxi mately

equal in maggl tude t.o the citive reactance..c e 0 band. 20. .

as shown i ngﬁ'gurg c%ﬁl.exii@pg&&ﬁgglo ant@? l‘—'fhﬁfﬁ’%tbbegggélﬁg ?heatsaélsgxfssm 1ne 15

i mpedgnce  at sigRdetoItodti€a transhlissiciieky bvFabéit 90° af d RequendicdpproXimate Sahidvap 32
and the stub 46 follows a | oop which begins, at |ow frequency, at an

i mpedance cobstwegrthwiuppen andilpwerequenciesipedance at the port 3A 25
indicated in Figure 1. Wth increasing frequency, the trace follows a | oop
whi ch crosses the resistance line twice. The first crossing corresponds
appr oxi mat el 39.t o A@pl@ﬁi%&r&ﬁﬁmdﬁcmm@%bhé&ﬁ the/fiéts hre foimSkd ffork D
which is sinply a portion of the curve shown in Figure 6C corresponding to
frequency bamicrestriphomponentsqisingdbe same substratg as thet impedance dransfoumingrelement
represents the &Ep{“&xi mate centre of band B, as shown by the curve of 30
Fi gu 6E vvh% §¥ so a portion of the curve shown in Figure 6C. In this
way, the '

31. A novel use of an antenna comprising an elongate dielectric core with a relative
dielectric constant greater than 5, at least one pair of elongate conductive elements located
in a longitudinally coextensive and laterally opposed relationship on or adjacent an outer

15 surface of a distal part of the core, a conductive sleeve surrounding a proximal part of the
core, and a longitudinal feeder structure extending through the core, the said elongate
conductive elements extending between distal connections to the feeder structure and 2
disfal rim of the sleeve, wherein the novel use consists of operating the antenna in at least
two spaced apart frequency bands, one of the bands containing a frequency at which the

20 antenna exhibits a first mode of resonance, and another of the bands containing a
frequency at which the antenna exhibits a second mode of resonance which is different
from the first mode. |

32.  Use of an antenna according to claim 31, wherein the first and second modes of
25 resonance are associated respectively with a substantially balanced feed current and a

single-ended feed current at the distal end of the feeder structure.

33.  Use of an antenna according to claim 31 or claim 32, wherein the frequency of the
first mode is determined by the electrical lengths of the elongate conductive elements,
30 whereas the frequency of the second mode is determined by the sum of the average
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el ements of the diplexer performa good i npedance match of the antenna 1 to

Lg/ gslat?? Bg‘gﬂf”%\g"gg{ 3230% n bot h frequiﬂlﬂllﬂﬂﬂlﬂllﬂlllﬂlllls Wit GHpgI00841

react ances of the stub 46 conpensating dt Feast 'harst|ly for the reactances
due to the transform ng section. Each fil4ger presents a relatively high

i npedance at the frequency of the other filter, thereby providing isolation
bet ween sign j . j S is
isolation i sgit?g%{ atléﬁ&sé afgﬁ)gg@é?&el{c&g%glre ro% cellu ae:blét:el epgeé1 e & '
signals fed tisesidedef rom a tel ephone unit 5. The diplexer 3-is appropriate
when the radi o communi cation units 4 and 5 (see Figure 1) 10 are to
be operated sinultaneously. In sonme instances to which the invention is
app i cabl e, sl RARSPUS aBG U iinieo AR of SiAd PrHoAY whefdih' e/ it RbAOSE
including an R F. sSwtch 1S nore ap&ropr ate, as shown in Figure 7. The

f eeders st r uciresonamie ik lassopiated with ciroularly polaeisedhsignals, whereasctha seeohdvnedeaof

common signal line or port 47A via an I npedance patchin ection 48 tg a
two-way R F. r@mxw;ommwm@wmﬂfmﬁ m\tﬁﬂeamg@ﬁa@ixﬁwu%@f the
Dependi ng ona% tate of the switch 49, the common line 47A is coupled to

one or ot her e two further signal lines or ports 47B, 47C to which
di fferent comunication circuit

35. Use of an antenna according to any of claims 31 to 34, for receiving satellite
10 positioning signals in the said one frequency band and for transmitting and/or receiving
mobile telephone signals in the said other frequency band.



units may be connected. The nature of the inpedance matching section 48 is

dependent on the frequencies to be 20 accommodated. | n_sone

i nst ances, W848 o system intended for use of the antennaPETAFBPHOMEM ¢ s

operating at close frequencies, a sinple 90[err] transm ssion line -

transforner, |ike section 32 in the dLiy xer of Figure 5 may be adequate.

An exanpl e of such a systemis one coni™ning PCN cellul ar tel ephone

operation (at 1710-1785 MHz and 1805-1880 MHz) with DECT wirel ess |ocal

| oop tel ephone operation (at 1880-1900 MHz). 25 Al ternatively, where

the frequency bands are nore w dely spaced apart, a dual - peak i npedance

mat chi ng arrangenent may be used, such as the conbination of a 90[err]

transfornmer and an openggicuit stub, like transformer 32 and stub 46 of

t he di pl exer of Figure > this case, the switch 49 is connected to the

junction of the transfo and the stub. 30 WO 97/ 37401 .

PCT/ GB97/ 00841 20 An al NeM#ative antenna systemis shown in Figure 8. In

this case, the antenna | \nnygied on a laterally extendi ng conductive

surface 2 which, rather “bethg part of a diplexer casing, forns part of
o Juy XA N

another netallic séhﬂct \ as q;uehLFle body. The antenna.lf

7

33

FIG5S




coupl ed through a hole in the surface 2 by neans of a feed cable 50 coupl ed
to the 5 common port 3A of a diplexer 3, the latter

r to
t he di pl exéVO873M8t enbodi ment descri bed above with ref ereni’gq&(ﬁ%f
Feed cabl e 3 has an inner conductor coupled to the axial inner conductor of

the antenna 1 and an outer shield gh is connected to the plated proxinal
face of the antenna. At the diplexer end of cable 50, the shield is

connected to {dAeRquexq casing and directly or indirectly to the ground
pl ane of a 10 HORJ; pl exer board within the casing, simlar to

that show i n Fi guee * ess the characteristic inpedance of feed cable 50
is the sane as 4.1-4 \m~

D ppoudaiite represented by the antenna 1, the cable
50 acts as an ’J é‘_‘
occurs depgqéié a"
characteri }'-vr‘ he mcrostrip diplex¢r elenme [ S
di pl exer (see FKigurg has the sane effect a section 32

forw el enent. The g@xtent to which this
-iﬂo cable and the gl ue of the 15

correspondi ng al\N\G t hafjQ€ he requiredgt |* i nped

transformati onlocc een the antenna 1 and t ode _3432f t he

of the diplexe of 1

& first/denbodi nent descri 7 a shown in
Figures 1 &M A\ T.h% he éflectri cal | engt h of, “t he |ﬁt|o W f cable 50
and the inpeda e’20 l 't'ransform ng secti on-of, er 3 is about

90[err] at a frUen ¥| AN

i =' el y m dwa \oee, A fre ncy bands
corresponding tp he| age eond no f/r9§o e NN ﬁl(gﬁssi bl e,
therefore, for 3 '- di pl exer to be ab sho Filgure 4 but with
i npedance t10ARS AN r‘l n 32 having a nuch « ¢ 4,eﬁgth, or being
formed at Ieast:n o-r mcrostrlp secti off ha & cHparacteristic
i npedance equal J he | oad i npedancetat d 3/1.’ Alypical ly, feed
cabl e 50 has a har,é er’l stig %?gance , 7 7

"oy ' 7/ /7
"o N - y 7 /
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of 10 ohns. The systemof Figure 8 uses the alternative antenna nentioned
above, in that, while having four helical elenents which ar

coext ensi v&V@AYIM¥Lxi al , two oppositely 30 di sposed e?gwgﬁ#%rl ow
meandered paths to achieve the differences in |length which bring about the
requi red phase shift conditions for a quadrifilar helix antenna for
circularly WO 97/ 37401

PCT/ GB97/ 00841 21 pol ari sed signalglsﬂmeneandering of one pair of elenents
takes the place of the irregular rimof the sleeve 20 shown in Figure 2, so
that in this enbodi nent sleeve 20 has a circul ar upper edge which extends
around t he antenna e at a constant distance fromthe proxi mal end.
Char act er iLsa& S

achi eved 3




di pl exer 2' and an antenna 1 are all housed in a single casing 60.

CLAI M5 1. Radi o communi cati on apparatus conprising an antenna and, '
connect ed t¥OPHE™9ht enna, radi o communication circuit neans PGEEBIHNS4L n at
| east two radi o frequency bands, 5 wherein the antenna conprises an

el ongate dielectric core, a feeder structure which passes through the core
substantial ly fron1one.Fnd to the other &AB of the core, apd, |ocated on or
adj acent the outer sy ion of at |east

one el ongat eyt [ whi ch
has a groundi’& ) 1

sai d ot
nmeans ha{
radio fre¢
conveyin
feeder s
ant enna
band and

05 ~2

05 2

FIG.6E



20 the feed connection. 3. Apparatus according to claim1 or claim
2, wherein the cgg@uctive el enents of the series conbinatio? k@%
dielectric %@Mﬁ? nstitute a unitary structure having a pl i 1
di fferent nodes of resonance which are characterised by standi ng wave

maxi ma and 25 ) mnima of differing patterns within the unitary
structure. 4. Appar at us accordidPto claim 3, efein the antenna is
formed without |unped filtering conponents dividi gg~the antenna into
separately re . parts, and wherein all cond e unitary -
structure arelawgiJyable to currents at all freg

resonant pat h\atN\Ekach resonant frequency bei pat hs at t hat

frequency. [ 37401 PCT/ GB97/ 00841 23
any precedi ng jcI\i erein the coreis a

acgording to
Bc materi al

having a rel at\v I el ectric constant greater ein the said
series conbi ng#wonjconpri ses at | east one pair y .
coext ensi ve eljongaje antenna el enents and the R conductive
sl eeve encirclling {he +#6#Aon the 5 surfale¢ An
antenna syste adio signals in at least t : s

conpri sing: - na having a solid eIoRQEL= dielecjric corg, at |east

one el ongate f_(ﬁlﬂl’f“ ve L8

49




el enment. on or adjacent an outer surface of a distal part of the core, a
conductive sl eeve 10 surroundi ng a proximal part of the core, and a
tongi tudi nal feeder structure extendi ng through the core, wherein the said
el ongat e conducti ve el ement extends betwegn a distal connection to the
feeder structure and a distal rimof the gleeve, and the sleeve is
proximally coupled to the feeder structure; and a couglinggﬁ%qgf havi n

com‘r:c)n ngnaITheiaﬁEli%B%Ye§9%@ that i istnoasible douse sueh g antprna 1 . tfre&‘fe“F’gagt
two further sj | 0 f - ' [ ' ' :

equi pnent opzo g@%gjlcb Wr‘fgc&éﬁl g%?@?&%?fﬁggt‘%ﬁsgﬁ%ﬁ?ﬁgghﬁ%g@ﬁgggwgﬁst he
feeder structidio conthiricatiolrappaatusicomptising ae anteam amd) edamectedrtatthé antgnna,
section and a signal directing section, wherein the si gnal directi

Sﬁct i on ifs aradin Gemmupication sireut; meass ARsrable s at lsast o Bdig Hequenciebands, vwaEein ¢
oot - . Nl . . S |
e i oh e bt Bompldleah bifaat GBI, dlie Afepdef sirfletBfintith pilSestBRIB A

to couple togaé fé@fe_. bltstanciaiypfion Gitadnd fonthe atitbrtehd oftthe coref atd)dotated dmiot her
signal lines for signals which lie in the other band. and, at, which the
antenna i s r esincant therputersusiacriohihgcors thesesies ermbingtion of gt jeast ope glongate ( em

according to ¢l ai : ej e, GOURL] . ' ' sy
whi ch has fi |‘i°é‘§%&§’%uﬁ‘%§‘rabée@ﬁee oo B Rondltuet 345, Ufm WHER 185 & Brounding
f r;q gnfll I } ne.ts ,hcohﬁ&t_iéli iolttﬁf &etiidif@irbtﬂud'tﬁ@ ﬂlgi'égicmtoﬁtlixd daitt oresend @if ghescbreyithdroneaeh of
t'he two further signa ines and tuned to an u r frequency which lies in
one ol@he saiantanpp elementeaing couplrddo aﬁepdsp%@%wg%?mqfé? §‘§B‘§P"§t‘% the fegign ¢ Ihe

e oF 1 i LS8 A SO R it SRR o
I two parts operable respectively in a first and a second of the radio frequency bands and
each associated with respéctive" signal lines for conveying signéls flowing between a
common signal line of the antenna feeder structure and the respective circuit means part,
15 - the antenna being fesbnant in a first resonance mode in the first frequency band and in a

second resonance mode in the second frequency band.

The first mode of resonance may be associated with substantiaﬂy balanced feed currents
at a distal end of the feed .structuré, e. g; when the trap substantially isolates the elongaté
20 ~ conductive element from a ground connection at a proximal eﬁd of the antenna. In the
- case of an antenna having one or more pairs of elongate ,éonc_iuctive elements acting as
radiating elements, and a trap in the form of a conductive sleeve surrounding the dielectric
rod, the or each -pair of elongate conductive elements acts as a loop, with currents
 travelling around the rim of the sleeve between opposing elements of the pair. In the case
.25 . of the antenna having two or mqre pairs of helical elements forming parts of loops pf
differing electrical lengths, such balariced operation may typica113; be associated with
circularly polarised s1gnals directed within a solid angle centred on a common central axis
of the helical élements. In this first fnode, the antenna may exhibit current maxima or
voltage minima close to or at'the connections of the elongate conductive eleménts to the

30 feeder structure and close to or at their junction with the rim of the sleeve.



W97/ 37401 - R | | PCT/ GB97/ 00841

24 8. An antenna system according to claim®6, wherein the coupling stage
tncludes as the signal directing section a switch for routing signals

either between the common signal line and the said one further signal |ine
or ‘between the comon si.ghal line and the said other further signal line. 5

9. An ant enna system accordi ng.to_any_ of clains to 8, wherein th
ant enna has amay daf asHBPledeeustyftione inshigdingea swtmsctﬁe sigaal direqting, section for
el ongat e conduct.i ve_ehe ' ! J i THUN
define resonaFﬁ“Euﬁg %ﬁ"ﬁ%sn%ﬁg}sbé}gvgg%&gﬁgéﬁfgg&ggﬁgﬁgg%estagférﬁefggg&cfy %B@éng of
resonance. 10od$btween’ihe dbinEioAIighiling Aha eiecsaidi dtlertfurthédraigmlinewher ei n at

| east one of the resonant frequencies is defined by the sumof the length
of the sleeve and the I ength of the el ongate conductive el enent. 15

11. An ant enpa em.acc i n leal : '
sl eeveand t hig? glitgérf;a P :%g’g@? %%ee%tgf.aérfvegféﬁ; gg hgaﬁ:g Ibh%sﬁogﬂyaﬁnﬁé zgs S(E} ﬁlg of
the nmodes. 12withinARe sdtipe fitheSikeéntioh 86 prvilerisystemosperative di thiréSotmbre spiced

wherein the first and second . . _
apart bands, the antenna having a corresponding number of resonance modes.

-

'According t;) a third aspect of the invention, there is provided a radio communication
10 system comprising an antenna system as described above, a safellite positioning or timing
receiver (e.g.'a. GPS récefver) connected to one of the. further signal lines of the coupling
stage, and a cellular or mobile telephone connected to another of the further signal lines
of the coupling stage. In the case of the coupiing stage beihg a diplexer, the antenna and
the filters are configured such that resonant frequencies associated with the different modes
15 of resonance of the antenna lie respéctively in the operating band of the receiver and the

operating band of the telephone.

The diplexer'is also the subject of a fourth aspect of the invention which provides a

diplexer for operation at frequencies in excess of 200 MHz comprising: an antenna port;

20 an impedance transformer in the form of a length of transmission line having one end
coupled to the antenna pdrt and the other end forming a circuit node; ﬁrst and second

| equipment ports; a first bandpass filter tuned to one frequency and connected between the

node and the first equipment.porf, a second bandpass filter tuned to another frequency and

connected between the node and the second etluipt'nent'port;' and a reactance compensating

25 element, such aﬁ_ an open-circuit stub elefhent, connected to the node to compensate at

least partly for reactances due to the transforming line.

In the case of the coupling stage having a switching device as the 'si_gnal directing_section,
the impedance matching section may likewise be formed as an impedance transformer in
30 the form of a transmission line and a reactance compensating element, the svritéhing device

being connected to the node between these two.

This Sheet Has BeenRelplaced - Y THIS SHEET HAS BEEN -
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nodes.of resonance are associated respectively with substantially bal anced
and single- 20 - ended feed currents at the distal end.of the feeder
structure. 13. An antenna system according to any preceding claim
wherein the dielectric core has an outer surface defining an interior
volume at |east half of which is occupied 6by,_ a solid insulative material
having a relative dielectric constant greater than 5, the antenna 25

ha?/l ng a Id_eas'lfhaimgﬂpoﬂ the grmnsmissienline forming thedmpedange transforales may e spefeagted i n
a |l ongitudi na

e e S aor Mo MaRof e ARG BEpleEh PRt Arilgdifer

outer surface

connect i ons  t fedubficyl WREEDy Bie' itipeddneeitthe Beid diodé dle t theatfarisfoemet srcthe twand
wherein the conmmon 'signal |ine of the coupling stage is coupled to a
proxi mal end fdquencieshas despectively, qapasitive geactaneggogipogent@ad an inductive reactance

PCT/ GBQ7/ 00841 25 14 An, ant enpa, sV, . r i Ng. 10 sCh A '

Eﬂe first ][mo"em‘b?m\gg% &?&n‘ﬁléerflge@ﬁg?‘@c@ﬁs‘%g&?lngo%g?g? ilfc;)é]&(lt)lpé Sa ﬁ% 3 Eetﬁ)ﬁg at .
e upper freghaseys fe¥pettivelyadt the i freguarcidsiike et edmpéisatirigdforthe

conductive el enents t?)bthe y?%eder st]t;?hlctctljr e, rg?rc}‘at t?giﬂ}rf jtg?lct?or%gogvi tﬁ

the rimof thepstitiusand inductiteseasanses fvrjtoathe sransiapmentiocs to séaldabthenoge 2
el ongate 5 angg&a%éeva egcl:heorﬁﬂé tswof ﬁ'gcme%igwgch ?s'}go%%w f}sitsﬁk?e tﬁ%ﬁﬁd '
g sHitan i _

h

node of reso

impedances due to the transmission line.

10 .

. Typically, the transmission line length is such as to provide a transmission delay of about
-_ 90° at a frequency at least approximately mi.dway between the upper and lower

frequencies.

15 The invention also provides, in accordance with é fifth aspect thereof, a novel use of an
antenna comprising an elongate dielectric core with a relative dielectric constant 'gréater
than 5, at least one pair of elongate conductive elements located in a longitudinally |
coextensive and laterally opposed relationship on or adjacent an outer surface of a distal
part of the core, a conductive sleeve surrounding a proximal part of the core, and a

20 longitudinal feeder structure extending through the core, the said elongate conductive
elements extending between distal connections to the feeder structure and a distal rim of
the sleeve, wherein the novel use consists of operating the antenna in at least two spaced
apart frequency bands, to feed signals via a common signal line of the feeder structure to

~ or from different parts of radio signal processing equipment each of which operatés ina

25 different respective one of the side bands one of the bands containing a frequency at which

the antenna exhibits a first mode of resonance, and another of the bands _confaining a

frequency at which the antenna exhibits a second mode of resonance which is different

from the first mode.

30 The invention will now be described by way of example with refere_ncé to the drawings in

- which:



charact.erised in operation of the ﬁaih-t;;en'na_':at t he | ower frequency by a
voltage mnimum at or adjacent the coupling.of the sleeve to the feeder
structure. 15. An antenna system according to claim 14, wherein the

upper frequency . is a 10 function of 2% he el ectrica

el ongate el ement, whilst the |ower frequency-is a funbt”mﬂgmumn“mnﬁm
the electrical length of the elongate and the el &ctYi cal " enagth of
t he sl eeve. 16. An ant enna system ac%ﬁ@a% to ¢laim15, wherein the
average el ectrical length of 15 t he el ongate conductive elenments is at
| east appr oxi matell{ 180[err] —at the upper freguency, and the sum of the
aver age el ectl.i calRadipgommmication eppasetis comPriHng an aBteana ards iconpacted: tocthe

average electrical |length of. the s | . ' ' | J f
the antenna iaélteé‘f’.a’lr@‘g% ?°%B?8§PMQ%§¥%§%%§% '15? ﬂ%’f{eR’?do{'v]f}g#o %‘@gﬁ%}n@@dgm |
17. AN ant eRheif Yieladttnad comiptisetintefongaty ditfecticaiond; afedder dttuctirbeviidhnpdsies at
| east one el ongate conductive el enent and the sl eeve, together with the

core, consti tthrough thegoresybstantialiv fiora onegachte the pther end efithe core; andelasated 9B des

of resonance whigch are characteri sad A . i Pl of
differing pat ?reard?f:se\% tﬁﬁ !(’Hfaef ﬁ‘g%z}.fﬁ io? g}eyc%?’rﬁﬁeil{kglf g&lﬁ@xﬁlwq&a &%&?o&h{%nna
syst em accor dighdubtiveC hittiflal dleméteand B RaGRctive tidpeelement whichetiassa grountiiagdi ng
wave maxima and mnima -exi st on the outer surface of the core between the

di stal connectonoestion ta the fegder strueturedm the segionpefithe saihengend.af the eore fhe pheache

; = ;
s f ?Sg{lg f gr uct aliténna réf’en‘f’e;l? B‘énga Icoﬁ:’p S WedlorhB&ioh o??l\'eefe&&)er_tsnﬁcttneegg %l region

of the said other end of the core, and wherein the radio communication circuit means have
two parts operable respectively in a first and a second of the radio frequency bands and
each assdciated with respective signal lines for conveying signals flowing between a
common signal line of the antenna feeder structure and the respective circuit means part,
15 _ tﬁe antenna being resonant in a first resonance mode in the first frequency band and in a

second resonance mode in the second frequency band.

2. Apparatus according to claim 1, wherein the first and second modes of resonance
are associated respectively with substantially balanced and single-ended feed currents at

.20 the feed cdnnection.

3. Apparatus according to claim 1 or claim 2, wherein the conductive elements of the
series combination; and the dielectric-core, constitute a unitary structure having a plurality
of different modes of resonance which are characterised by standing wave maxima and

25 _ minima of differing patterns within the uhitary structu're‘. _

4. App’aratus according to claim 3, wherein the antenna is formed without lumped
filtering components dividing the antenna into separately resonant parts, and wherein all |
conduction paths of the unitary structure are available to currents at all frequencies, the

- 30 resonant paths at each resonant frequency being the preferred paths at that frequency.
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antenna system according to any of clains“6 tio 18, wherein the core Is a

solid cylindrical body of ceramc material with an aﬁlmmﬂ[ﬂllﬂmﬂﬁm' ng

t he feeder. structurée, and wherein the el ongate condu

helical. 5 20. An- ant enna system afcor di ng to'claim 16, wherein the

el ongat e conductive el enents. consist of two pairs of hel Ié; el erren s, the
g u

el e][rent s of e@wexmsﬂlemuthﬁgombm@mwmw@@é theothgeo HEﬁ’laEQ OV¥filit er
surface of th cor e e t hose of the
ot her pair, vﬁ %/es\tlrf'neé 9 h?soi’%ra?hégﬁfd (E}Z‘g%ﬁlgﬁigé;g}eg%a&c‘{ r"{c] ar pol arisation
node associated with circularly polarised signals directed al ong the
central 10 axis of the core, and the second npde of resonance is

| i neﬁr pol ar i 2%t i of dintexer fé?éé@@il@g @cﬁn\m@ﬁmsﬂ\grfw @P%@F%ﬂt%ﬁu‘?ﬂ?@ﬁbe’fﬂeﬁé& i on
par a to t e_axi An antenna system according to any of

cl ai ns 6 to z%ﬁ’%"eﬂ?’?ﬁ%‘% d| pl exer conpri seg an i rrpedancegt ransfgrm ng

el ement coupl ed bein\pgiedaie teaRfoRMing cditent id the fdfm ofalengﬂﬂdfﬁarrmﬂsldndmdm ch
the filters and an i npedance conpensation stub are connected. 22.

ant enna syst chavisgeoe eidepupleddp or farroupliggdodheantensa; the other ead farming %)?‘?ﬁ“ﬁg
elenment, the fiJters and the stub are forned as mcrostrip conponents, -the
transf or m ng M%nent conprising a conductive strip formng a transni ssion
line of predeterni 496hsPfirst and secsﬁtﬁéqiﬁﬁ:ﬁéntsémﬁcﬁdmedance and the stub

corrprl sing a conductive St“E] having an open circuit end,.
10 a first bandpass filter tuned to one frequency and connected between the node and

the first equipment port.
a second bandpass filter tuned to another frequency and connected between the
' node and the second equipment port, and |
a reactance compensating element connected to the node and arranged to

15 compensate at least partly for reactances due to the transforming element.

26. A diplexer according to claim 25, wherein the reactance compensating element is

" a stub element.

20 27. A diplexer according to claim 26, wherein the impedance transforming element and
~ the stub are microstrip components, in the form of conductive strips on one side of an
insulative plate, the other side of the plate having a conductive coating acting as a ground

plane, and wherein the stub element is open circuit.

25 28 A.diplexer according to claim 26 and claim 27, wherein the lengfh of the
transmission line forming the impedance transforming element is such as to effect a
resistive impedance transformation at a frequéncy between the upper and the lower
frequency whereby the impedé.nm at the said node due to the transforr_ning element at the

- two frequencies have, respectivély, a capacitive reactance comﬁonent and an inducti\}e

30 reactance component, and wherein the stub length is such as to yield inductive and

capacitive reactances respectively at the two frequencies thereby at least partly

s Sheet Has Been Replaced S 'THIS _ 3HEET HAS BEE'N' !
il I e




23. An ant enma systemaccording to claim21, wherein the filters are

m crostrip band | ected to the node by conductors which are
electrically sdgmmm@ﬁ“ﬂlﬂﬁiﬂonparl son to the electrical length of the
transform ng el e r dio conmliyécation system conprising an

antenna system according to any of clains to 23, a satellite positioning

or timng receiver connected to one.of the said further, port and. cel | ul ar
or mobil e t elPPERUEE ?‘?:ru' F?‘dccéﬂthétb‘fefea(?dtle‘%fﬁ& ﬁe@‘F{aB?ess%%gtoégé transiormyifg ¢ o,
ports, the anj&fiEagsdBdtd eldiat kiehodehefdtafCRipedstice dt Sathhofithetwd Bequntiedf
the upper - WO 97/37401 ] _

PCT/ GB97/ 0084xhi¢hris ameate heartyrrefistivguenci es lies in the operating band of the

receiver and the other of the upper and | ower frequencies lies in the
operating band of the nobile tel ephone circuitry. 25. A di pl exer for

coupligng to a9 antefipRxéatcdrdihg RPRQ4MI28ONhetin tHeQSHB\GF tRStrad3miioA Jine & such
of 200 Mz conprising: an inpedance transfornmng elenment in the formof a
| engt h of tr assorpswiidena kiansmissiarn dejay ofabout 9% ap b drequencyrapproxinsately midway o

t he antenna, ,the other end r m a circuit node, at least first and
second equi p#ﬁmeeeégﬁ‘é‘lﬂefﬁégwfﬁg%q“e“ms' a first bandpass filter tuned
to one frequency and connected between the node and :

30. A diplexer according to any of claims 26 to 29, wherein the filters are formed from

10 microstrip components using the same substrate as the impedance transforming element

and the stub.

31. A novel use of an antenna comprising an élongate dielectric core with a relafive

dielectric constant greater than 5, at least one pair of elongate conductive elements located

15 ina longitudinally coextensive and laterélly opposed relationship on or adjacent an outer
surface of a distal part of the core, a conductive sleeve surrounding a proximal part of the

core, and a longitudinal feeder structure extending through the core, the said elongate
conductive elements extending betweexi distal connections to the feeder structure and a
distal rim of the sleeve, wherein the novel use consists of operating the antenna in at least

20 two spaced apart frequency bands, to feed signals via a common signal line of the feeder
| st’ructﬁre to or from different parts of radio signal processing equipment each of which
operates in a different respective one of the said bands one of the bands containing a

ﬁ*eqﬁency at which the antenna exhibits a first mode of resonance, and another of the bands

containing a ﬁ'equenéy at which the antenna exhibits a second mode of resonance which

25 is different from the first mode.

32.  Use of an antenna according to claim 31, whereit_xlthe' first and second modes of
resonance are associated respectively with a substantially balanced feed current and a '
single-ended feed current at the distal end of the feeder structure.'

30
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the first port. a second bandpass filter tuned to another
fr equency z?gg c’gﬁﬂ%ct ed between the node and the second eqw%ﬁg 1 and

a~reactance conpensating el ement connected to the node. 15 26. A diplexer
accordi ng to claim 25, wherein the reactagce conpensating elenment is a stub
el enent . A di pl exer accordi ng to claim26, wherein the i rrpedance

the f 2?&?%@@%&@@1%3@ i Sousbptond i 8 b B RO o .,

side of the S&ﬁé&fdﬂmﬁgﬂm&l&dﬁe&ﬁﬁé Tsigﬂﬂllﬁfeﬁd%@hﬁi&'gﬁéﬁﬂﬁera”d

vherein the stub elenent i'sS open circuit. A~di pl exer according to
claim 26 an&lmdﬂmmbemmmonsggﬂhmfandhheﬁﬁdotherﬁmhalmm line
form ng the inpedance transform ng elenent is such as to effect a resistive
i npedance trasformation at a frequency between the upper and the | ower

Ialr :?ren?cgt Whﬁ% wggﬁgﬁ@miawespect | ve a capaC| flb%ﬁﬁeé‘gs%

conponent anwithin the eaye of the inveitivicio providen @?étem&ipérdd?ﬁﬁ@tﬁeébﬁm&ié%pab@gth
is such as to yield inductive and 30 capaC|t|ve react ances

respect i vel yapsrt hands,the antennp havingsa carrespendding numbersof resonance modgsensat i ng

for the said capacitive and inductive reactances due to the transform ng

'According to a third aspect of the invention, there is provided a radio communication

10 system comprising an antenna system as described above, a satellite positioning or timing

receiver (e.g. a GPS receiver) connected to one of the further signal lines of the coupling

. stage, and a cellular or mobile telephone connected to another of the further signal lines

of the coupling stage. In the case of the coupling stage being a diplexer, the antenna and

) the filters are configured such that resonant frequencies associated with the different

15 modes of resonance of the antenna lie respectively in the operating band of the receiver
R and the operating band of the telephone.

The diplexer is also the subject of a fourth aspect of the invention which provides a

| . diplexer for operation at frequencies in excess of 200 MHz comprising: an antenna port;
20 an impedance transformer in the form of a length of transmission line having one end
“ coupled to the antenna port and the other end forming a circuit node; first and second
equipment ports; a first bandpass filter tuned to one frequency and connected between the

node and the first equipment port, a second bandpass filter tuned to another frequency and
connected between the node and the second equipment port; and a reactance compensating

25 element, such as an open-clrcmt stub element, connected to the node.

‘ In the case of the coupling stage having a switching device as the signal directing section,
the impedance matching section may likewise be formed as an impedance transformer in

. the form of a transmission line and a reactance compensating element, the switching
30 device being connected to the node between these two.
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By t he said capaC|t|ve and i nductlve react a'i‘iﬂﬁéﬂ‘}ﬁnéﬁ t he
i npedance at

,-' two frequencies which is nore nearly resistive. 5 29. A
Faccording to claim28, wherein t24 | ength of the transmission |ine
¥ as to provide a transm ssion delay of about 90[err] at a frequency

i mat el§. i dmxan&ahmmxhhecdﬂﬁgrtoéml ﬁﬂ'}kﬁﬁg
fexer according to any of clains Z6 to 29, wherein th hﬁ?fmgréncéurdésas
Fred from thesignal dﬂemmgaﬁcuonpswmdpfmmungsgmbmﬂnerbaweemtﬁnbm@@al he
ghpedance tr@ns el e an b 31, A novel use of an
ant enna corrplﬁf Wﬁﬁgg %’&P@"LB{"? etyeen the cRmmon.sigpal line and the-said ¢
const ant gr%&rm%@m%el east one pair of elongate conductive el enents
| ocated 15 in a rongitudinally coextensive and |aterally opposed

rel at onship on or adjacent an outer surface of a distal part ofthe core, a
conductive s 4eeve surrounding a proximal part of the core, and a-

| ongi t udi nal?-f ee AR antepna-syStem ascording nganmom&\to &lepemhhemmadiasagat e

conductlve WW bet &l@st connecti ons t @ldmaet drceder
structure an ﬁ}%o&%nf%% ’%F’@? TySSicmen % of

oper ating t ithe sleéw iebjoirtlylo deSine fesd &Q'e%)?@ﬁﬁﬁ g%g{méj‘?ﬂﬂ
bands, to feed si naLJs V|y3&a commn&énltg |ne t e eeder struc ure to

or from(MfoWQmﬁ orgesonancel radi o si gnal processing equi pnment each of which
opergies in a different respective one of the said bands one of the bands
contal ning a

10.  An antenna system according to claim 9, wherein at least one of the resonant

. ﬁequenclesmdeﬁnedbythesumofthelength of the sleeve andﬂ:elengthoftheelongate
conductive element. |

15 11.  Anantenna system according to any of claims 6 to 10, wherein the sleeve and the
' feeder structure together act as a balun in at least one of the modes.

12.  Anantenna system according to any of claims 6 to 11, wherein the first and second
modes of resonance are associated respectively with substantially balancedandsmgle—
20 ended feed currents at the distal end of the feeder structure.

13.  Anantenna system according to any preceding claim, wherein the diclectric core
has an outer surface defining an interior volume at least half of which is occupied bya
solid insulative material having a relative dielectric constant greater than 5, the antenna

25  bavingaleast one pair of the said elongate conductive elements located in a longitudinally
co-extensive and laterally opposed relationship on the outer surface of the distal part of
the core each with respective distal connections to the feeder structure and the distal rim
of the sleeve, and wherein the common signal line of the coupling stage is coupled toa
proximal end of the feeder structure.
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frequency awd/;?,yﬁhhthe antenna exhi b| ts a first node of reso 7041
anot her of the bands containing a- frequency at which the antenna exhibits a
second node of resonance which 25 .is different fromthe first node.
32. Use of an antenna according to.claipyg3l, wherein the first and second
nodes of resonance are associ ated respectively with a substantiall y

bhe T oeder oMK feafitic 134 REBEORINER SRR Kpllmcind i ol ocTe B

el ement s andandnhwmreiapenaésaliéymdtdoﬂemmtgrbmaofﬂiembm/telephénecuwﬁyof an
antenna according to any of clains 31 to 33, wherein the first node of 5
resonance is associated with circularly polarised signals, whereas the

he | ongt ¢ uaPhal - of Fkpes ot pupf o 130 TP R 8"

accor gi ng t 0ofP00 MH#Z tompEisigg: {0 34, for receiving satellite 10
positioning signal.ss in the said one frequency band and for transmtting

and/ or receivi ng manliinpedendedysnsformingplerhentiin theformaifa length of transmission linend.
having one end coupled to o for coupling to the antenna, the other end forming a circuit
node, '
' atleastﬁrstandsecond equipment connections,
10 aﬁrstbandpassﬁltermnedtooneﬁequencyandcomectedbeMeenthenodeand
the first equipment port.
a second bandpass filter tuned to another frequency and connected between the
node and the second equipment port, and |
a reactance compensating element connected to the node.

15
26. A diplexer according to claim 25, wheremthereactancecompensaungelemenns" -

a stub element.

27. A diplexer according to claim 26, wherein the impedance transforming element

20 and the stub are microstrip components, in the form of conductive strips on one side of
an insulative plate, the other side of the plate having a conductive coating acting as a
ground plane, and wherein the stub element is open circuit.

28. A diplexer according to claim 26 and claim 27, wherein the length of the

25 _  transmission line forming the impedance transforming element is such as to effect a
resistive impedance transformation at a frequency between the upper and the lower

frequency whereby the impedances at the said node due to the transforming element at the

two frequencies have, respectively, a capacitive reactance component and an inductive

- reactance component, and wherein the stub length is such as to yield inductive and
30 capacitive reactances respectively at the two frequencies thereby at least partly
compensating for the said capacitive and inductive reactances i

 due to the transforming
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compensating for the said capacitive and inductive reactances due to the transforming

element so as to yield at the node a resultant impedance at each of the two frequencies

which is more nearly resistive.

29. A diplexer according to claim 28, wherein the length of the transmission line is such
as to provide a transmission delay of about 90° at a frequency approximately midway

between the upper and lower frequencies.

30. A diplexer according to any of claims 26 to 29, wherein the filters are formed from

microstrip components using the same substrate as the impedance transforming element

and the stub.

31. A novel use of an antenna comprising an elongate dielectric core with a relative
dxelectnc constant greater than 5, at least one pair of elongate conductive elements located
ina longztudmally coextensive and laterally opposed relationship on or adjacent an outer
surface of a distal part of the core, a conductive sleeve surrounding a proximal part of the
core, and a longitudinal feeder structure extending through the core, the said elongate
conductive elements extending between distal connections to the feeder structure and a
distal rim of the sleeve, wherein the novel use consists of operating the antenna in at least

two spaced apart frequency bands, to feed signals via a common signal line of the feeder

structure to or from different parts of radio signal processing equipment each of which

operates in a different respective one of the said bands,one of the bands containing a

frequency at which the antenna exhibits a first mode of resonance, and another of the bands

containing a frequency at which the antenna exhibits a second mode of resonance which

is different from the first mode.

32.  Use of an antenna according to claim 31, wheretn the first and second modes of
resonance are associated respectively with a substantially balanced feed current and a

single-ended feed current at the distal end of the feeder structure.
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(57) Abstract

In a radio communication system operat-
ing in at least two spaced-apart frequency bands
above 200 MHz, a quadrifilar helical antenna
(1) having an elongate dielectric core with a
relative dielectric constant greater than 5 has a
conductive sleeve surrounding a proximal part
of the core and a longitudinal feeder structure
(1A) extending through the core to a connec-
tion with the helical antenna elements at a dis-
"| tal end of the core. The antenna (1) is operated
in a first frequency band in which it exhibits a
first, balanced mode of resonance characterised
by current maxima and voltage minima at the
connections of the helical elements to the feeder
structure and at their junctions with the rim of
the sleeve, and in a lower or higher second fre- -
quency band in which the antenna (1) exhibits a
second, single-ended mode of resonance char-
acterised by current maxima and voltage min-
ima generally at the ends of the core and cur-
rent minima and voltage maxima at one or more
intermediate focations. To permit dual mode
operation, the system includes an impedance-
matching coupling stage (2) which may be a
diplexer having filters coupled between a com-
mon port for the antenna (1) and further ports
for connection to radio signal processing equip-

ment such as a GPS receiver (4) and a mobile telephone (5) operating in the
elements may be formed as microstrip elements on a single substrate.

two frequency bands. The filters and impedance matching




