MODI FI ED LOOP ANTENNA The present invention relates to inprovenents to
antennas. It relates particularly, but not exclusively, to nodified |oop
ant ennas woadodsmssssparti cul ar but not exclusive appli catricercB20093b19% e
and/ or hand- hel d devi ces. El ectromagnetic waves travelling in space
conprise an Electric (E) and a Magnetic (H) field, generally arranged
mut ual | y per pendi cul ar. Known | oop antennas (al so known as magnetic | oop

antennas) are generally used i Wnl y and, even then, are
generally used as near field @'ﬁi’ﬁﬁﬁé{w e, in netal detectors and
sol ar devices. Such | oop antennas are not typically used as transmt

antennas due to their low radiation efficiency i.e. the proportion of
ener gy | edbé ngredrertanneganai ¢onpaliegd st 6ot hapr $edieingiso tht anPemvdous Tthi nki ng,

therefore, tends Lo be.nreiydi agd agai nsto| aan gt ennas Jore.appl&at i ons

where transm ssion and r ecepti on are needed toge her.” This I's even though
| oop ant eAnbBs e calyl € 1ngs opfericuhver yuli det bandWwidtis corpased aro ot her

forms of kpown antenpas,,suchjas.dipal es and other similar constructions.
There is a particular prejudice against snmall |oop antennas i.e. those

having a dianeter of |ess than about one wavelength. It is therefore an aim

of enbodi geats Haghbe: presen ﬂﬂ’&\(z%fltlw(? 10 prowd de@piLaPEQVed. dooR
antenna, ca g@eratl ng in both transmt and receive nodes and
[

abl e of
enabl i ng é?gataé’td radi'eopertor ndcet thiah kABWA 3'ddp ARt @HHRes. MAEEDr'di ng to
the preseptrpamgntingn. t heteirs QY dedk an apparat ussd@s s&f hegtdrin the
appended clains. Qther features of the invention will be apparent fromthe
loop antennas) are generally used as receive antennas only and,
even then, are generally used as near field antennas, for
instance, 1in metal detectors and solar devices. Such 1loop
antennas are not typically used as transmit antennas due to

15 their low radiation efficiency i.e. the proportion of energy

leaving the antenna compared to that fed into it.

Previous thinking, therefore, tends to be prejudiced against
loop antennas for applications where transmission and reception
20 are needed together. This is even though loop antennas are
able to offer a very wide bandwidth compared to other forms of
known antennas, such as dipoles and other similar
constructions. There is a particular prejudice against small
loop antennas i.e. those having a diameter of less than about

25 one wavelength.

It is therefore an aim of embodiments of the present invention
to provide an improved loop antenna, capable of operating in
both transmit and receive modes and enabling greater radio

30 performance than known loop antennas.

According to the present invention there 1s provided an
apparatus as set forth 1in the appended claims. Other
features of the invention will be apparent from the

35 dependent claims, and the description which follows.



dependent clains, and the description which follows. For a better
under st andi ng of the invention, and to show how enbodi nents of the sane may
be carri ewoi2nevoi1e§sfect, reference will now be nade, by wray/GHo@xEmbe, to

t he acconpanying di agrammati c drawi ngs in which: Figure 1 shows a schematic
representation of an enbodi nent of the, present invention; Figure 2 shows a
mcrostrip realisation of an enbodinen% of the invention; Figure 3 shows a
circuit layout of an enbodi nent of the present invention incorporating 4

di screte BRferind ¥l Eent3dcant T §uY eC4 ShGws! & YEt i ed® ¥ elCofSheife of the
ant enna ehSW%o@&n@r&%%f’ th@hesa%’eerrggfg?o%?‘sé&grﬁé e; of ;mdern..

t el econmuni cation devices creates a nee i nproved antenna desi gns.
Known ant enfiasennedevi Cesnsuclhoas mawobi, | ebrellayl arf t elxepipdrees poovibde one of
the mpjor limtations in_performance and are.al npst always a conprom se in
one way o?CQRQPHQV?DgndeBF?@WFEF? gﬁéwéﬁgﬁc?gng 16f*the” antenna can have a
maj or s npact on the performance of the device. A nore efficient antenna
will radiate a higherEProportion,of the energy fed to it froma
transmitterdUis kewt'S&'° due® T PheCi ARBT B WedPpr 68i 6§ 6F 3t eiiaLt a nore
ef ficienttaaterman Lhveonvwer;t nore of a received signal into electrical
energy for processing by the receiver. The inpedance at the output of a
transceiver is typically 50 Chns and so in order to ensure naxi num

t hr oughpuriefrermersgywéi a boddvdtrapsnedl and ibecer ven nodesl)inthe ahtterna

shoul haggvahéprghn1inpedance too. Any m smatch between the two will
result in sd%-oﬁ%rnal performance with, in the transmt case, energybeing
reflected back fromthe antenna into the transmitter. In

Figure 3 shows a circuit layout of an embodiment of the present

invention incorporating 4 discrete antenna elements; and

15 Figure 4 shows a detailed view of one of the antenna elements

of Figure 3.

The ever decreasing size of modern telecommunication devices
creates a need for improved antenna designs. Known antennas in
20 devices such as mobile/cellular telephones provide one of the
major limitations in performance and are almost always a

compromise in one way or another.

In particular, the efficiency of the antenna can have a major
25 impact on the performance of the device. A more efficient
antenna will radiate a higher proportion of the energy fed to
it from a transmitter. Likewise, due to the inherent
reciprocity of antennas, a more efficient antenna will convert
more of a received signal into electrical energy for processing

30 by the receiver.

The impedance at the output of a transceiver is typically 50
Ohms and so in order to ensure maximum throughput of energy (in
both transmit and receive modes) the antenna should have a 50
35 Ohm impedance too. Any mismatch between the two will result in

sub-optimal performance with, in the transmit case, energy
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The amount of energy received by, or transmitted from, a loop
antenna is, in part, determined by its area. Each time the area
of the 1loop is halved, the amount of energy which may be
received/transmitted is reduced by 3db. This physical
constraint tends to mean that wvery small loop antennas cannot

be used in practice.

The antenna shown schematically in Figure 1 is a loop antenna
10. It is presented here for ease of understanding. An actual
embodiment of the present invention is unlikely to physically
resemble the antenna shown. In this case, it is shown being fed
from a coaxial cable 20 i.e. one end of the loop is connected
to the central conductor 21 of the cable 20 and the other end
of the loop is connected to the outer sheath 22 of the cable
20. The loop antenna 10 differs from a known loop antenna in
that it comprises a series resonant circuit 30, coupled to the
loop part of the way around its circumference. The location of
this coupling plays an important part in the operation of the

antenna.

By careful positioning of the series resonant circuit 30, the E
and H fields generated/received by the antenna can be made to

be orthogonal to each other. This has the effect of enabling

series

in the



and H fields generated/received by the antenna can be nade to be orthogonal
to each other. This has the effect of enablingthe el ectromgnetic wave to
pr opagat ewvohweugbsespace ef fectively. In the absence of poTiGH@E1d6f i el ds,
arranged orthogonally, the wave will not propagate successfully over

anyt hi ng other than short distances. Tp achieve this, the series resonant
circuit 30 is placed at a position where the E field produced by the
antenna (particularly the series resonant circuit 30) is 90degrees out of
phase wit ?espee]r?(CtFBmf‘%eq-}Ofl el"@Vpr odut ed ByPefRt¢ oo&héﬁ%]ﬂna 20:°9 n fact,

wi t hout therseriRgyresanant Gsedibt 36, p¥eryrl bhtl @ oricn@sF biedkhds
produced by the antenna. By arranging the circuit elenents in this way,
such t hat Ot Her®1%s 14 90dEgr &’ phise! r 8Pht iPBABATPE Defiteen® the & ant™H
fields, theyantennacan beamadrot®© hupeihads.nor ecefdectivvelynias hoth a
receive and transmt antenna, since th? Hfield which wuld be produced

al one % or SBESENtIHTY Al oheji iy ) FGoplanterta T L¥UppPRnEATEY the E
field froméhe weuesdregonantartiehadi tpa&agldﬁllaﬁhyrﬂm%’e‘ilbheréﬁm tted
energyfromthe enna a forms or transm ssion _over far

great er dF%f%WCes *I'hjes s%&?ee%releéso gnt cﬁ? W&%pﬁessé)?cﬁntf)ngﬁgtglr L and
a capacit oteC antodieidr al tles aseo c@mtsarnasw;m that téahey xrzﬂsamat ecmat t he
frequency of .0 eratl on of C'&pe latntg na. 'Ehe resgnance occur‘?] g

react ance of ' The  Capacit of f sV equal ' t o ¥He teactance Of the St uctor i e.
when XL =pXcdddeel \bal ves aftdnnand C can thus be chosen to give the desired
operating range. Qther forns of series resonant circuit using e.g. crystal
oscillators can be used to give other operating characteristics. If a
crystal oBgibtadmgrings thsedirting @heakuoesofn sucts avagi,r cuch iEkaf arhggreeat er

than thatigfat@%dggp@gepﬁéégc%éf%@i%néﬂ?&“bengéﬁ]the E and H fields,
the antenna can be made to function more effectively as both a

15 receive and transmit antenna, since the H-field which would be
produced alone (or essentially alone) by a loop antenna is
supplemented by the E field from the series resonant circuit

30, which renders the transmitted energy from the antenna in a

form suitable for transmission over far greater distances.

20
The series resonant circuit comprises an inductor L and a
capacitor C and their wvalues are chosen such that they resonate
at the frequency of operation of the antenna. The resonance
occurs when the reactance of the capacitor is equal to the
25 reactance of the inductor i.e. when X, = X. The wvalues of L and

C can thus be chosen to give the desired operating range. Other
forms of series resonant circuit using e.g. crystal oscillators
can be used to give other operating characteristics. If a
crystal oscillator is used, the Q-value of such a circuit is
30 far greater than that of the simple L-C circuit shown, which
will consequently limit the bandwidth characteristics of the

antenna.

The series resonant circuit is effectively operating as an E
35 field radiator (which by virtue of the reciprocity inherent in

antennas means 1t 1s an E field receiver too). The series



wi ||l consequently limt the bandw dth characteristics of the antenna. The
series resonant circuit is effectively operating as an E field radi ator

(whi ch bywoi2ntamassss t he reci procity inherent in antenna®PCREBI80%(50196 an E
field receiver too) . The seriesresonant circuit operates as a quarter-wave
(1/4) antenna . It would be possible, gn t heory, but not generally so in
practice, to sinply have a rod antenna a quarter of a wavelength long in

pl ace of the series resonant circuit. The positioning of the series
resonant EpseRATt | sliayicr tamwratps mgsta beupdsirtiened (And) zoigired tl6 t he

| oop at awBQicE‘tbe"‘@%rséiEfP& phase diL{ e}S@J‘%%tb%EWiQ%‘lf &k ang Hfiglds is

90degrees. The anount of Vvariation from preci'sely 90degrees depen s to sone
ext ent onteheinmiedded aseodf artrnmanttenmartputof i gerverlahgth hkeond gger to

90degr ees exactdy rnthe.betd e shsathe perfiormance of the antenna. This is
due to the fact that to ensure good propagati on of the radio wave, the

phase ¥ifference between the E and H fields nust be as near to 90 degrees

as possi bkge Al S0 hhggmgnidide obsthes&and Ho-tigl ds; sheubd.ideald y be
identical. In practice, the point at which the series resonant elenment is
coupl ed tBUEheP? GO FsorFUmIerpiPie@l 1 e 6GGR User gFOIETanlc e i d

probes whpghsare: alrente peaside the Pphase Wiffanence betweesn4 here and H
fields. The point of coupling is noved until the desired 90degree

di f f er enc@™P¢ obSkr Vet 2 ils, T dyrée S61Y eAPFFITHIS MU ememt W tri al
and ergor cksekeH red tarenssd enptdrmimepant orn@nas tofint Benani gnnane even

t hough the_principle underlying the arrangenent of the elenents is well
under st 0081 °Hi st9 52 WSHIEGSdGE ol ¥ he" Hat'tie <of i EFGsPFF pOTIFE t, whi ch
of ten requhéesrxdegree of 'tuning'

This is due to the fact that to ensure good propagation of the
15 radio wave, the phase difference between the E and H fields
must be as near to 90 degrees as possible. Also, the magnitude

of the E and H fields should ideally be identical.

In practice, the point at which the series resonant element is
20 coupled to the loop is found empirically through use of E and H
field probes which are able to measure the phase difference
between the E and H fields. The point of coupling is moved

until the desired 90degree difference is observed.

25 Thus, a degree of empirical measurement and trial and error is
required to ensure optimum performance of the antenna, even
though the principle underlying the arrangement of the elements
is well understood. This i1s simply due to the nature of
microstrip circuits, which often require a degree of ‘tuning’

30 before the desired performance is achieved.

Known simple loop antennas offer a very wide bandwidth -
typically one octave, whereas known antennas such as dipoles
have a much narrower bandwidth - typically a much smaller
35 fraction of the operating frequency (perhaps 1MHz at the

frequency of operation of a mobile telephone).



before the desired performance is achieved. Known sinple | oop antennas
offer a very wide bandw dth typically one octave, whereas known antennas
such as dwpab@s1igse a nuch narrower bandw dth - typi calPCy/GB20aiso®aal | er
fraction of the operating frequency (perhaps IMiz at the frequency of
operation of a nobile telephone) .By conmbining a | oop antenna with the
series resonant circuit as shown in enbodi nents of the present invention,
sonmet hing of the best of both types of antennas can be achieved. In
particular, since a |oop antenna can generally only produce an Hfield and

a vol t agesf edbdiachiyonal o antenrancan: onlshooperate alsdreducedreffd ciency,
t he conblnatlon of the two allows for greater efficiency than either could

gi ve al on&"Ptom"a Groen spater ﬁpﬁuPée%?@%dﬁgeatb?%©ﬁ¥€§FhF%%l?%d?an of

t he ant enpast ust NEbUR GRPSEN bp @@wddd,@ctdaanbbeabmm ISU@tarpmmeirr)g
techni ques all ow a conpact and con5|stﬁnt antenna to be e5|gned and built.

An enbodi TEHES of 1478 aRtERRA B 195 0SNGy t AT S tREGHMCGuE™ cin® 8akt 137 %e
assenbl edai Rbotagerohid ef:ofcthandheketdevd ceae. gnlt ebpphane, aPDicdl &gt op.

M crostri echni ques_are we|l |l known re not discussed in detail here.
T o sut PG s "solF 1+ AATLLRRIar t Phcadenr BVar PANGER. CGr nBT T

et chi ng oeffasiemdyr thanh ng)them aosud tablee a3ubst fratre ahgvirag spapar.ti cul ar
dielectric effect. By careful selection of materials and di nensions,
particul ar val ues of capacitance and i nductance can be achi eved w t hout the
need for seéparate dhser et epconporentssallinatact , of hehbashtehayoutsiofy t he

ant enna |s ;& ran ed and nan%fact%e usin nggégstrl technl es. The fi nal

deS|gn is arrlve atc%ﬁ§E§HFesu?t Ofgnl ue ain anognf %Bnua %ﬁf?bration

wher eby théhphyglaammmmacegxbncbhsn$mmmurammﬁnm@e to ke designed and

built. An embodiment of the antenna built using this technique
can easily be assembled into a mobile or handheld device e.qg.

15 telephone, PDA, laptop.

Microstrip techniques are well known and are not discussed in
detail here. It 1is sufficient to say that copper traces are
arranged (normally via etching or laser trimming) on a suitable
20 substrate having a particular dielectric effect. By careful
selection of materials and dimensions, particular values of
capacitance and inductance can be achieved without the need for

separate discrete components.

25 In fact, the basic layout of the antenna is arranged and
manufactured using microstrip techniques. The final design is
arrived at as a result of a certain amount of manual
calibration whereby the physical traces on the substrate are
adjusted. In practice, calibrated capacitance sticks are used

30 which comprises a metallic element having a known capacitance
element e.g. 2 picoFarads. The capacitance stick is placed in
contact with wvarious portions of the antenna trace and the

performance of the antenna is measured.

35 In the hands of a skilled technician or designer, this

technique reveals where the traces making up the antenna should



adjusted. In practice, calibrated capacitance sticks are used which
conprises a netallic elenent having a known capacitance elenent e.g. 2

pi coFar adwO 20vet18mpaci t ance stick is placed in contact WRCTIGB2aONIBN6
portions of the antenna trace and the performance of the antenna is
measured. In the hands of a skilled technician or designer, this technique
reveal s where the traces making up the antenna shoul dbe adjusted in size,

equi val ent to adjusting the capacjtance and/or inductance. After a nunber
of iteratPBngdiantetht Ehndlhawi Agt e cdésitPe P PertormmhnEd CaR3BE-HIT eved.

The ant enpag showindwetzingdr € adtes af I anged obr aiseedd Xhs9f i Atechti reuit
board 100, in a known way. The antenna conprises a |oop 110 which, in this
case is egg%ﬁﬁié@@yd?ét?%hdﬁFﬁPrm%H$?19§ng@ﬁe?%ﬁ%%7q8pen base portion. The
two ends of the generally open base portion are fed, as shown in Figure 1
froma_ coaxial cable 130. Located internally to the |oop 110 is a series
resonant C&i'f cairte12d. S%ﬂ%nséPlé?gﬁégoﬁ%nfsCFFE%??@%aR%SatHEKTdPﬁl6T a

J- shaped pf&&&xﬂ2%1ﬁﬂulheIQEHGUIUOanrﬂlwhiCmnbﬁncoug}edTh@ thecdoop 100 by
means of a neanderlng race #§4 éh Wn ng_nductor . as that js the chief
property 6f"8ucita frace)” . apeantr ¢ 1535has esSERtTRITYY

capaci ti veeptapertires wdttt at gdnbyalls dienensisen pandidhe Tt etrw<alemoused for
t he antenna, . and thlslﬁraceegugctlonétmnth t he qFander%ng tra 12% as a
series reSonant CITEUrty BBF" ude At s “freqliency” of apprOX|na?e PTG,

t he val uelofrd ias conxihke dargel1005 - 2. OpF and the value of L is
approximately O .bnH Mcrostrip design tables and/or prograns can be used
to design suitable traces having these val ues. The point of connection

bet ween t hecasterd ésitepesahbntt eltédpenbomndld is a series resonant circuit

120. The series resonant circuit takes the form of a J-shaped
trace 122 on the circuit board which is coupled to the loop 100
15 by means of a meandering trace 124 (shown as an inductor, as
that is the chief property of such a trace). The J-shaped trace
122 has essentially capacitive properties dictated by its
dimension and the materials used for the antenna, and this
trace functions with the meandering trace 124 as a series

20 resonant circuit.

For use at a frequency of approximately 2.4GHz, the wvalue of C
is in the range 0.5 - 2.0pF and the value of L is approximately
0.6nH. Microstrip design tables and/or programs can be used to

25 design suitable traces having these wvalues.

The point of connection between the series resonant element and
the loop is again determined empirically using E and H field
probes. Once the approximate position is determined, bearing in
30 mind that at the frequency discussed here, the slightest
interference from test equipment can have a large practical
effect, fine adjustments can be made to the connection and/or
the wvalues of L and C by laser-trimming the traces in-situ.
Once a final design is established, it can be reproduced with

35 good repeatability again and again.



the loop is again determ ned enpirically using E and H field probes. Once
the approxinmate position is determned, bearing in mnd that at the
frequencywoizeenias®d here, the slightest interference fr@criGERI%BFHEIpMENt
can have a |l arge practical effect, fine adjustnents can be nmade to the
connection and/or the values of L and by laser-trimmng the traces
in-situ. Once a final design is established, it can be reproduced wth good
r epeat abi I ity agal n_and again is found enpirically that an antenna built
accor di nglto*an %%d?%ﬁtlcdﬁli’ h*éh"ibt'r e¥e Mt §5VentTidn toffer sl Eith<tcarit al

ef fi ci enc¥mged g n@veroknowe anpesgas of i @vesithibhar ofekupe. shiBsfadtirdiher
enbodi nent _of the present invention, a plurality of discrete antenna

el enent s Eaﬁl%]é%n@é’nﬁiah%ﬂ TG of PR 4 Ibtteéﬁiaéroﬁe? fOrfeAte’ Ha -can be
achi eved by use of a single elenment. Figure 3 shows an antenna 200,
arranged on a circuit board 205. The antenna 200 cog‘grl ses four separate,

functivnally®i dBRtTCal St 8RRA 8F efBfit BT 290" THEY 4r 8 ar £ aRyet H % wo

sets, eachrdaisertienapasatd ellemthesefdecie ebompt ayd di g ikt bplecddist ances
of the basi ¢c_ant enna. el ement 210 # efto i mprove the qverall Eﬁrgrfor mance of

the ant enR&" 200°7CF Fhe" aidehce®of: Y RS0 &t €dPA T THRE Eonst ruct i on

of the antenna, it would, in theory, be possible to construct an ant enna
conprising.a t .many_i ndi Vvi dua Lnstances of baS| C ante nts,
with eachgd% %ﬁgShé)iﬂs Aie AUTDEr (E) el Brent’s “adli ng SdR™ 1(;)Cf Bgal n tothe
antenh@. The pr a@tecea hewevergorposses - fpartl cudrarbyedi elfectticndigat i ng

effects - ge 1ca . if:erllgan 22 %SI? adgrextraanele%rr%rslt | ndecfl nitely.
The exanpﬁ |n urecﬁf of a our ement antenna is vve?l Within the
range of whaln dr&vahysncmﬁqﬂl@dsm bl e and adds 6db (less any dielectric
heating | osses) of gain over
The effect of providing multiple instances of the basic antenna
15 element 210 1is to improve the overall performance of the
antenna 200. In the absence of losses associated with the
construction of the antenna, it would, in theory, be possible
to construct an antenna comprising a great many individual
instances of basic antenna elements, with each doubling of the
20 number of elements adding 3dB of gain to the antenna. 1In
practice, however, losses - particularly dielectric heating
effects - mean that it is not possible to add extra elements
indefinitely. The example shown in Figure 3 of a four-element
antenna is well within the range of what is physically possible
25 and adds 6db (less any dielectric heating losses) of gain over

an antenna consisting of a single element.

The antenna 200 of Figure 3 is suitable for use in a micro-
cellular base-station or other item of fixed wireless
30 infrastructure, whereas a single element 210 is suitable for
use in a mobile device, such as a cellular or mobile handset,
pager, PDA or laptop computer. The only real determining issue

is size.



an antenna consisting of a single elenent. The antenna 200 of Figure 3 is
suitable for use in a mcrocellul ar base-station or other itemof fixed
wi r el ess wofn@stisisst ure, whereas a single el ement 210 i #CTGR20MV050596r use
in a nobile device, such as a cellular or nobile handset, pager, PDA or
| aptop conputer. The only real determpning issue is size.lt can be seen
that the antenna el enent 210 shown in Figure 3 is different to that shown

in Figure 2 . It is shown in %reater detail in Figure 4 . The antenna
el ement 210 R BeettEhddiafti CAFI ¢RAGAPT e TG br 6V dé"a"yr St Br9Beriat i onal

bandwi dt hi s Thi srd:&nachbevegs imowpariti eubare by, provisienwaef ia gatohant enna
220 and a phase tracker 230, both of which are coupled to | oop 250. The
pat ch ant 8Rh& 226" Feprates the tuned circuit 120 shown in Figure 2 , but

al so operates as an E-field radiator. However, the operating bandw dth of
the patch_antenna 220 is wider _than that of the tuned circuit 120. In the
case o% tﬁﬁetﬁﬁgﬁn8ﬁrc?ﬁ?m9f§0,Zi%e}Eﬁnnéﬁ??oﬁ*ﬁﬁﬁﬁfc%gpheéﬂaPh%dtJﬁbd

circuit apdothe |Dogravasri nperbantndn etk AL nght heioveenl dvqer fior mance
of the antenna. In the case aof the patch antenpa, si t he connection

poi nt is BRY GRS Yl ST BUCEd S ohg PERe" | ERGEITOf “ofe "SHdé of ‘A¥e pat ch
ant enna, thecjrecizse bocdlatdfomhishl| @ss donpoetant .1obpe2end points, where the
edge of the patch neet the | oop 250, together with the di nmensions of the

| oop determ ne the operating frequency range of the antenna. The | oop

di mensi onshar patadtscarnteport 280 irapteter mid ngintehle capenat | hzp f slegquency of t he

ant enna. %9?£§£t£9“£9{’a£Q§ gyeralds 1.om, | epgth s A Key di meOsion. as
menti oned previously. In
the operating bandwidth of the patch antenna 220 is wider than

that of the tuned circuit 120.

15 In the case of the tuned circuit 120, the connection point
between the tuned circuit and the loop was important in
determining the overall performance of the antenna. In the case
of the patch antenna, since the connection point is effectively
distributed along the length of one side of the patch antenna,

20 the precise location is less important. The end points, where
the edge of the patch meet the loop 250, together with the
dimensions of the loop determine the operating frequency range

of the antenna.

25 The loop dimensions are also important in determining the
operating frequency of the antenna. In particular, the overall
loop length is a key dimension, as mentioned previously. In
order to allow for a wider operating frequency range, the
triangular phase tracker element 230 1is provided directly

30 opposite the patch antenna (in one of two possible locations as
shown in Figure 3). The phase tracker 230 effectively acts as a
variable length track, lengthening or shortening the loop,
depending on the frequency of signal fed into it at feed point
240.
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order to allow for a wi der operating frequency range, the triangular phase
tracker elenent 230 is provided directly opposite the patch antenna (in one
of two posei2bdsiBmsati ons as shown in Figure 3). The phase/aBaeksn29830
effectively acts as a variable length track, |engthening or shortening the
| oop, depending on the frequency of silgnal fed into it at feed point

240. The phase tracker 230 is equivalent to a near-infinite series of L-C

conponents, only sone of which will resonate at a given frequency, thereby
altering fhe eRtectivAEhcengttl 6f CRBLYBBPT 1P thi S ay P Atk YefSbidtdwi dt h
of operat benLcanchgachteyesnthaibmal th anstAPLLell eeRonhaYi 89 NogsSuch
conponent. The phase tracker_ 230 is shown in one of two different positions
in Fi gur eT3°9UFKE /1 SASORCY of 1E I 99 STt dd Satt BRpt PRt o i Wi $°Hrut ual
interferemngethetween, adj acewt anhennackel enesbsranitbhotdh cenf hguratdons are
functionally identical. In_the antenna 200 of Figure 3 , the operational
bandwi thtpgn dpprogi rafRtS 108 - "3V GHY SEoverI Wy & gr eat many frequency
bands of interest, including those associated with WFi, satellite and

cel lul ar nmuni cati ons. Fur r devel opnent of enbodi nents of the

pvent fon ar e HHA8I yEF i Ead2as. evon GPAT o1 b&fdw B h TA { IR FTEEE ol ear
to the skpbtedigper sSanrtibate ahy Tier meakok- foel thisadisattor doaytbemptsied; i n t he
mul ti pl e-gl engnr'g.ngonfi gﬂur‘tation.gthor ri n Fi gure 3 nand dt.he pat chn@nritnenna is
merely an- éxafipl e Ti kW $8, a’ singlie-éfenent enboditent “may Use a patch, a
tunedlCi r elieherars any bbttercgufiibabhel dror rref famtteimallYhedentitdapl.e el enment
version shown in Figure 3 uses four discrete elenents, but this can be

vari ed up or down depending on the exact systemrequirenent and the space
avai l abl eIn the antenna 200 of Figure 3, the operational bandwidth is

approximately 1.8 - 2.7 GHz, covering a great many frequency
bands of interest, including those associated with WiFi,
15 satellite and cellular communications. Further development of
embodiments of the invention are likely to lead to even greater

bandwidth.

It will be clear to the skilled person that any form of E-field
20 radiator may Dbe used in the multiple-element configuration
shown in Figure 3 and the patch antenna is merely an example.
Likewise, a single-element embodiment may use a patch, a tuned

circuit or any other suitable form of antenna.

25 The multiple element version shown in Figure 3 wuses four
discrete elements, but this can be varied up or down depending

on the exact system requirement and the space available.

Embodiments of the present invention allow for the wuse of
30 either a single or multi-element antenna, operable over a much
increased bandwidth and having superior performance
characteristics, compared to similarly sized known antennas.
Furthermore, no complex components are required, resulting in
low—-cost devices applicable to a wide range of RF devices.
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Enbodi nents of the present invention allow for the use of either a single
or nmulti-elenent antenna, operable over a nuch increased bandw dth and

havi ng swwerneriigssf or nance characteristics, conpared t@®@C3iGBR20@vl59298i zed
known ant ennas. Furthernore, no conpl ex conponents are required, resulting
in lowcost devices applicable to a wide range of RF devices. Embodi ments of
the invention find particular use in nmobile tel econmuni cati on devices, but
can be used in any device where an efficient antenna is required in a snall
space. At EBRtIGIRTS oif ebbed igeAFIOpapers andtdoetientsewhilchm e il ed

concurrentkye i@k aPI &V s de@, t Bus spechd I eald am iahyconneed i vk th this
application and which are open to public inspection with this

speci fi ca?Po%ff%ﬁﬁth%nE?fﬁiaeﬁtssr%‘ﬁuﬁqd sch paper $PARA° documents are
incorporated herein by reference. All of the features disclosed in this
speci f| cation (Jincludi ng acco anyi n cl ai abstract and dr awi ngs) ,
and/ or> al f** B?nttll?él sjtsepg %ﬁy Jo]d Br %%C%ﬁ 4R YL S0 SEY. S Preldf he
conbi ned Eﬂl@myc@mﬂﬂm&ugnmexcem erhboat ltenehwberseeaifi@aﬁtonsoma of
such features nd/ or .$ %g are ual |l y exclusive. Each feature thscI osed
inthis sﬁ%%??(i cat’i én E” Fﬁdf‘ﬁ% Ja & c@ﬁ% Ay 8Fai fRS" abstPHet cand
drawi ngs) inmayedyeioneptiatedc iy abperifdichveoh patutes hserasnngnt he osans,l
equi val ent or sim_| ar gu ose, . unl ess._ex resslé/dfi\tat ed ot herfyvlr nceThus

0

sqa ers ? uments are inco 8 f t ereﬁ
unl ess expres tate Terwi €e’* ead ature 8584 1< 68 exanpl e

only of a generic series of equivalent or simlar features . The invention

is not re icted to.t e _details, of hef QregQin t The
| vent | on ekt Shae' of S oV ar *SHE by Tarig R ogT s EnBr st on™ St
features dnschwerd:ammmhl slapewi faihc%atragn émthdimlmg{sanyaa@t@ﬁp@dqufg

clai ns, a@ﬁérfgi p@ndof any method or process so disclosed, may be
combined in any combination, except combinations where at least

15 some of such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any
accompanying claims, abstract and drawings) may be replaced by
alternative features serving the same, equivalent or similar
20 purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed 1s one
example only of a generic series of equivalent or similar

features.

25 The invention is not restricted to the details of the foregoing
embodiment (s). The invention extends to any novel one, or any
novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination, of

30 the steps of any method or process so disclosed.



drawi ngs), or to any novel one, or any novel conbination, of the steps of
any nethod or process so disclosed. CLAIMS 1 . An antenna conprising a | oop
el enent a0 2009/HB®Stric-field radiator, wherein the El eeCriGB2hosaisokosadi at or
is electrically coupled to the | oop el enent such that at the frequency of
operation, there is a substantially 9Qdegree phase difference between the
El ectric and Magnetic fields produced by the antenna. 2 . The antenna of
claiml1 wherein the Electric-field radiator is a quarter-wavel ength
antenna. SM2IM%he antenna of claim 1 wherein the Electric-field radiator is
a series resonant circuit. 4 . The antenna of claim3 wherei n the series
resonant circuit conprises an | nductor and a capacitor. . The antenna of

claim1 wherefh f“ﬁtéerﬁae(?tofﬂpﬁlﬂ%q o r'fPatoFTFet a2 Fatth E&ﬁ?éﬁh%{_f%e The

ant enna otaa@mt i, ecediragncltaempraer ei o-tha d o@mlalcefrents felll’et:hﬁic&l(lrf/pri ses a
phase rackerjh%[)erabl to alter_the electri cal | ength of _the | oop i

response 8N HE RECsitgfial 1%l FET S herBtG 772t TRE  dnfennd B HEP’al(ch 6
wher ei n t bpephaise, t raeker 1(%0mprshfb%$aati<ﬁlJa_,ngmcw’gr%be@%ﬁﬁfsepdSIE‘fdaJOé‘}ﬁﬂa at an
opposi ng de of t el.enment Electric-field iator. 8 . A
e oPeRERt=Sht hia BOTHTIG b JRGRSFFTy o WAt LS oSl F i n any
precedi ngastatma. 9 . The antenna of any precedi ng claimwherein the antenna
is constructed using mcrostrip techniques.

10 2. The antenna of claim 1 wherein the Electric—-field radiator

is a quarter-wavelength antenna.

3. The antenna of claim 1 wherein the Electric-field radiator
is a series resonant circuit.

15
4. The antenna of claim 3 wherein the series resonant circuit

comprises an inductor and a capacitor.

5. The antenna of claim 1 wherein the Electric—-field radiator

20 is a patch antenna.

6. The antenna of any preceding claim wherein the loop element
further comprises a phase tracker operable to alter the
electrical length of the loop in response to the RF signal

25 applied thereto.

7. The antenna of claim 6 wherein the phase tracker comprises
a triangular element positioned at an opposing side of the loop
element to the Electric-field radiator.

30
8. A multi-element antenna comprising a plurality of antennas

as claimed in any preceding claim.

9. The antenna of any preceding claim wherein the antenna is

35 constructed using microstrip techniques.



