WO 2012/ 049473PCT/ GB2011/ 051837 1 A LOOP ANTENNA FOR MOBI LE HANDSET AND
OTHER APPLI CATI ONS [ 0001] This invention relates to a | oop antenna for

nobi | e hawoeizmamngrzot her applications, and in particul apcreGB2ola3msant enna
that is able to operate in nore than one frequency band. 5 BACKGROUND
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[ 0005] One way to increase th in an electrically antenna is to
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[0004] Most mobile phones generally make use of monopole antennas or PIFAs (Planar
Inverted F Antennas). Monopoles work most efficiently in areas free from the PCB
groundplane or other conductive surfaces. In contrast, PIFAs will work well close to conductive
surfaces. Considerable research effort goes into making monopoles and PIFAs operate as

25 broadband antennas so as to avoid the issues associated with multiple antennas.

[0005] One way to increase bandwidth in an electrically small antenna is to use multi-moding.
In the lowest bands, odd resonant modes may be created which may be variously designated
as ‘unbalanced modes’, ‘differential modes’ or ‘monopole-like’. At higher frequencies both
even and odd resonant modes may created. Even modes may be variously designated as

30  ‘balanced modes’, ‘common modes’ or ‘dipole-like’.

[0006] Loop antennas are well-understood and have been used in mobile phones before. An
example is US 2008/0291100 which describes a single band grounded loop radiating in the
low band together with a parasitic grounded monopole radiating in the high band. A further

example is WO 2006/049382 which discloses a symmetrical loop antenna structure that has



WO 2012/ 049473PCT/ (B2011/ 051837 2 been reduced in size by stacking the |oop
vertically. A broadband characteristic has been obtained in the high
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Enbodi nents of the esent 1 nvention nake us ant enna desi gn that
has beédifferghtial- mmd@d fedtutrglioppesite phagadecyrends on thevEHIA @nmaranduyehsMersen
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feed poi and a groundi ng point 25 adjacent to each other on the first
surfac@ gef "fe substrate, with the conductive track extending in generally
EESI te directions fromthe feed point and groundi ng point respectively,
extendi ng towards an edge of the dielectric substrate, then passing to

t he se BRIEF SUMMARYODF THE DISELOSURE substrate and then passing across the
second surface of the dielectric substrate along a path %gneral |y foll ow ng
t he patlP0Q81k &nkadirperds of the Peaserbinxerson: Rakess é’f:tar'P‘ép a0fsenp lesign that has

been multi-moded. Embodiments of the present invention are useful in mobile phone
handsets, and may also be used in mobile modem devices, for example USB dongles and the
20  like for allowing a laptop computer to communicate with the internet by way of a mobile

network.

[0009] According to a first aspect of the present invention there is provided a loop antenna
comprising a dielectric substrate having first and second opposed surfaces and a conductive
track formed on the substrate, wherein there is provided a feed point and a grounding point
25 adjacent to each other on the first surface of the substrate, with the conductive track extending
in generally opposite directions from the feed point and grounding point respectively, then
extending towards an edge of the dielectric substrate, then passing to the second surface of
the dielectric substrate and then passing across the second surface of the dielectric substrate
along a path generally following the path taken on the first surface of the dielectric substrate,
30 before connecting to respective sides of a conductive arrangement formed on the second
surface of the dielectric substrate that extends into a central part of a loop formed by the
conductive track on the second surface of the dielectric substrate, wherein the conductive

arrangement comprises both inductive and capacitive elements.

[0010] The conductive arrangement can be considered to be electrically complex, in that it

35 includes both inductive and capacitive elements. The inductive and capacitive elements may



30 before connecting to respective sides of a conductive arrangenent fornmed
on the second surface of the dielectric substrate that extends into a
central paotoio4sa7Boop fornmed by the conductive track omrctrioB28a08m37surface
of the dielectric substrate, wherein the conductive arrangenent conprises
bot h i nductive and capacitive el ements.3 W) 2012/ 049473PCT/ GB2011/ 051837 3
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converql ng towards the edge of the dielectric substrate) are not excl uded.
[ 0015] partl cularly preferred enbodi nents, the arns of the | oop extend
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25 starting at the feed point and terminating at the grounding point. The two arms of the loop
initially extend away from each other starting at the feed point and grounding point
respectively, before extending towards the edge of the dielectric substrate. In preferred
embodiments, the arms are collinear when initially extending from the feed and grounding
points, and generally or substantially parallel when extending towards the edge of the dielectric
30 substrate, although other configurations (for example diverging or converging towards the

edge of the dielectric substrate) are not excluded.

[0015] In particularly preferred embodiments, the arms of the loop extend towards each other
along or close to the edge of the dielectric substrate. The arms may extend so that they come

close to each other (for example as close as or closer than the distance between the feed



close to each other (for exanple as close as or closer than the di stance
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substrate i s nmounte The parasitic radiating elenent is a conductive

el enentth@'B g @ fRFNISIN dhdBhaRscPr Csi e 8@urdrlangyr oundpl ane) or ungrounded. By
providing a parasitic radiating elenent, it is possible to add a 30
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I n sone enbodi rrent S, antéennas o pr esent 1 nventi on nmay oper ate I n at
| east freay extand e dhedeasl, or gt joé ke Idopy er #ptht el bartadfiitioaalesrely dhRdEs. actyd

2012/ 043&3%%6%&5%&%Xbute additional resonances in the spectrum, thereby increasing

the bandwidth of the antenna.

25 [0019] Alternatively or in addition, there may be provided at least one parasitic radiating
element. This may be formed on the first or second surface of the substrate, or on a different
substrate (for example a motherboard on which the antenna and its substrate is mounted).
The parasitic radiating element is a conductive element that may be grounded (connected to a
groundplane) or ungrounded. By providing a parasitic radiating element, it is possible to add a

30  further resonance that may be used for an additional radio protocol, for example Bluetooth® or

GPS (Global Positioning System) operation.

[0020] In some embodiments, antennas of the present invention may operate in at least four,

and preferably at least five different frequency bands.

[0021] According to a second aspect of the present invention there is provided a parasitic



5 l oop antenna conprising a dielectric substrate having first and second
opposed surfaces and a conductive track formed on the substrate, wherein
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formed 'as a conductive plate on the second surface o t he substrate,
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25 parasitic. This parasitic loop antenna is excited by a separate driven antenna, generally

smaller than the parasitic loop antenna. The driven or driving antenna may be configured to

radiate at a higher frequency of interest, such as one of the WiFi frequency bands.

[0025] The loading plate may be generally rectangular in shape, or may have other shapes,
for example taking a triangular form. The loading plate may additionally be provided with arms
30  or spurs or other extensions extending from a main part of the loading plate. The loading plate
is formed as a conductive plate on the second surface of the substrate, parallel to the
substrate as a whole. One edge of the loading plate may follow, on the second surface, a line
formed between the feed point and the grounding point on the first surface. An opposed edge
of the loading plate may be located generally in the centre of the loop formed by the

35 conductive track on the second surface.



35conductive track on the second surface. WD 2012/049473PCT/ GB2011/ 051837
6 [0026] According to a third aspect of the present invention there is
provi ded woparaabi7sc | oop antenna conpri sing a diel ectripcTaagstw@iss7havi ng
first and second opposed surfaces and a conductive track fornmed on the
substrate, wherein there is provided a6 irst ground point and a second

ground [peae)t AREb@FRND 4 Birdaspedtdiatie presbhEinténtdh tﬁeréf@‘bﬁ)\ﬂilfedté'l@at%@bistl(ﬁ@i e,
with the 5 conductive track extendin ener al I%/ opposite directi ons
from t ROENASIOMNE e SHRlegHo SHBSIRI ,ﬁ%gmgefggteerﬂq vefgnd eprased,qUEiRgFHhgnd @

t ovar deoadudide &raek fdrieddnethe Gubéteats URSdremt tRerel iB PRovdSs At YR UNBHORREAR
surface of the dielectric substrate and then passing across the second

sur f ac&eePnd H@Uﬂpeq’%t?qléceé‘uﬁgte@ﬁ? ©thgroeny the B@E [ufacie PhIthe, sukstiabin WE thee
path t akRHu@Re ek fextchbing B;%g@raqli/ otpbgslﬁia' &SR Fromupetirat &nd ?&foﬁﬁeground

connect i n to resp ecti ve Si conducti ve ar rangerrent 10 forned on
t he sed6i wpegttyélyofhemﬁétqndélget@ward@ angrgerciitle diplgctrisaubpitiaiei thee pasgemia al

part Ofi,asLomn dPhEEds &Bl%cﬁug%ﬂgﬁété%nhrtﬁ&% Q&ﬁd”'gcr%%ﬂ{édse%%&%ﬁﬁ%@ét ﬂ‘t he

di el ectrlc substrate, erein the conductive rran enment conprises
i nduct |tnted@iﬁ¢trca$1&>@trtaie\/@orw emath generally foewisigrthe hvetfetaksn foonrthédirst sudecaletl a

t itic |
SePar 2t (lIARE! Loty SR SARB RN BUDEIE SIChY £ HRBLARETLHGEnEAEP
pari@si tformesixaon thet semondesciface shihef d|elleetr|sesrubatdatasmicextwdshnitorm cemteaitna'rtcxﬁld y

conpl e [ra of e fir e o]
copbct OGRREHEdBY RECRIBNTE R R oBi® byBRB T e pERele Rslaecihbitin,
| oop ammemtaduotlvsbefadg@f]erhejong)rdw doth mdga:twemiﬁidcapasutlge @leneds,t droughe@in
conplex | oad_ selected fromthe |ist r SI - least o i nduc

enot o838 et Bidviuee § But Sin e GIeB g e R B wdR i eR e S iy
conbi nagdpoanteind.hese in series or in parallel. [0029] Furthernore, the
groundi ng point of the |oop antenna nay be sw tched between several

di ifer goo27gompkaiird aqdst §ﬂ1h@$)rés@nellﬁa@'htﬁ>ntd¢ﬁ1b@h’ﬁsetﬁ@@ata@ltl@@k@ﬂtatidhfnﬁ@h@ﬁtsm

frequen bands 0030] The various enbodi nents of the |nvent| on
al r eady’ \E/IWPB%SSWE‘;WHB ”102%'3@8%‘?'lyquFB%e%%O”QP?th@rar@H‘BF%at ‘%66‘?1 Irst Sﬁmc
corrponents that may be refl owed onto am%round pl ane_free area, of

POB,  of00Z8] clibpPedh SEPerts WHIES THAPS 8 ngdetitthagy LK. thrféoaﬁfctr iNthas
fur t henodpesteh Rl Ibtd 4IRSt HehiEPditetaly SHiumEaLis gfeiinabl Moldh d &ﬁ‘nﬁl@ﬂlc%'a s‘éfecmd}lh

electric field strength may be used to reduce | osses. For exanp
cent r aloAb i ligfagorprrising: 163t Pneni@dyeips tat deastnite FRRACISF QtHéaf'ftdlf]@ &ﬁﬂ@nﬁfa

whepe tyhgskiskionliflel shduh&bikgiRH!dr iiBeiiMsdiB Ve Harallel.

[0029] Furthermore, the grounding point of the loop antenna may be switched between
several different complex loads so as to enable the antenna to cover different frequency

bands.

[0030] The various embodiments of the present invention already described may be
25 configured as either surface mount (SMT) components that may be reflowed onto a ground-

plane free area of a main PCB, or as elevated structures that work over a groundplane.

[0031] It has further been found that removing substrate material in the region of high electric
field strength may be used to reduce losses. For example, a central notch may be cut into the
substrate material of the loop antenna where the E-field is highest resulting in improved

30 performance in the high frequency band.

[0032] For the antenna having a complex central loading structure, it has been found
advantageous to make two cut-outs either side of the centre line. Again the efficiency benefits

are mainly in the high frequency band.

[0033] The loop antenna may be arranged so as to leave a central area free for a cut-out



30performance in the high frequency band. [0032] For the antenna having a
conplex central |oading structure, it has been found advant ageous to make
two cut - owb0eidhegs side of the centre line. Again the etrigBenesidgsenefits
are mainly in the high frequency band. WD 2012/ 049473PCT/ GB2011/ 051837 7
ri ght through part of the antenna substrate. The objective here is not so

much t eigheehreggH pases theltanrt@tnbegutisﬁatér edhe chjectlelmeraienst b Muehao UsBuce
connector or the |like ten deswabletolo at tg

. |
ant enn&0$5RS PHEraARFEO ﬁfeé‘&% aé’é" W ‘é'ieo‘? ?'CFP(}? SRgaprsclor A theikeypry 8P

nobi | e b eRen _BEsRs to REMEIAE ahfenfa fitHehRimeeplBes bERBAndctorbaer ERasle tdh e
short capacitive or inductive stubs may be attached to a driven or

par asi tIPEOMgY 3 AR @rﬁﬁ‘é’”?@af‘ﬁiﬁ' ove the bandwi dth, inpedance match and/or
efficienc The idea of using a single shunt capacitive stubs has been

prefi od893AIbéen Tuither esRalimAnidhhas fapd. tBataserieara0e? 0n dulstivensiks B1aYike has
been T oyachqptd bQM‘véﬁ lo¥ é)%ﬁjé’s‘?ﬂg REE AUtterind Mslﬁmp$&>éefh%| bsHdWtR ! MiedaAse Rifidn Of

the central conpl ex he stubs may I0al'so be used advantageously when
connectead/or ffisianey. aaetl%emf s @ é@p'es&hunb@fm@é'tlva§tl@lsrf@§d3¢ed@ﬁ@ﬁ@lb?éd €40 t he

presenty é%RJELzhcu &89 3 Oung%”%ha‘gNHKZQ@é/SE%S%p%Wé%H Rmdéob@f)?&%%fsgarﬁcul?/rly

[ 0035] een at enbodi nents of esent 1 nvention
used i radwnfammm tomswaeherahsmfeﬁum cwl payt efnthe Icemmlrcampdﬁ‘)dna@nfﬁae stubednay

8 I i f
onddon et YEEL IR B8 80 LERRTohaRRE ¥'oBRE Lol SP tode RulBuR, PETireaall
It is uesaildegd uatrmprb‘smhﬁuoolimmﬁstcmﬁp)eadihgl’oh@satsmt adpbsaion rep@Besh 13é8duse of

t he coupling between thembut it has been found that the | oop design of
enbodi {8085 df hashcdbgenetent that emiboaimentsl d;fhmenataseet ofvetten FMdyabeeused in

itsel e of. | oo i .S ch er ood s on e bet ween
Chenr cofolnsi Siin' 2 BketBalki Fiak A il dnfBREunaR S beRR sBaos i e s o
by a hlagtemeﬁﬂéposed e%@hisoﬁlqrfdadan@gmbrmapcsslea@mbhltue tom sodace end oné likresiyre
wa e tu (0] atr SSI 0 e is capacitive. t
45 bl Bohe PBAPSOIaT Ry bsuiy B pioBERT 14 3% R iaeds FaBORLY ishe
l n nat weealde bhehéajmpw bbh@éenatrfelnortim at hewi bexth Fdusa mt &hé rla@:sme@ﬁynoaf
line is i nductlve There are difficulties in match ese ty

ant enn&MROANSYS Gh RS RIBFY SPSNEAR apd fhe PfHEsHY| 1Be F%agtpf"it%gtseﬁé‘otkﬁp%ﬁ{)'@ﬁﬂ)as

can be ish@htthst Vebphb&flisbRtioemageRidhBetf@eAthdn® be unbal anced or _
monopol e-like. I'n this case the [oop my act as a half-loop and "see' its

i mage ifpo3e)e EMHEAIP! SRR MbARORAL KE! PIFAS ARP @RtfAEHReIBYy DS Mgk ORgaLMlE
I OOB wi t h bal anced nodes requiring no groundpl ane for operation. [ 0037]
nB8di

i eRedanse thalkeispapaeifive imoalte Bhtheosrine s@vahat 8 shaePressnded Htul en a
driven yRsRRkRnOfMh: %Q:a%¥éﬁvémd%sts%dﬁns ahfenAR" f(ﬁ"ltfl URKEHRs PaVeTY 1¥hdRactive

bandwi dth. The operation of the 30 antenna w e explained in nore
det ai | ippgdapce that is inductive in nature in the same way that a short-circuited stub on a

transmission line is inductive. There are difficulties in matching both these types of antenna to
a 50 ohm radio system. Like monopoles and PIFAs, loop antennas can be short circuited to
25 ground so as to be unbalanced or monopole-like. In this case the loop may act as a half-loop
and ‘see’ its image in the groundplane. Alternatively a loop antenna may be a complete loop

with balanced modes requiring no groundplane for operation.

[0037] Embodiments of the present invention comprise a grounded loop that is driven in both
odd and even modes so as to operate over a very wide bandwidth. The operation of the

30 antenna will be explained in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038] Embodiments of the invention are further described hereinafter with reference to the
accompanying drawings, in which:

35



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0038] Enbodi nents of the invention are
further described hereinafter with reference to the acconpanyi ng draw ngs,
i n whi ch:wo\W22Q4425049473PCT/ GB2011/ 051837 8 FI GURE 1 i pca/cB20emsis3c
outline of the structure of a prior art vertically stacked | oop antenna;

FI GURE 2 shows an enbodi ment of the pré&sent invention with an electrically

conpl eXIGERErvis d svhdinalic BLIThRGS BeSN0VEIraf ApliGranalidricallg Bi2ekrkdm®sp ahtenwhj ch
an electrically conplex central load is forned by a slot; FI GURE 4
shows an arrangenent in which a separate feeding | oop antenna is used to

exci t e FIQURE 21Bhdwd 9O RABERTENE 0P ¥heCioHaBdrit e cin Bk Gith \4@l &edtheli§ WokidlexHldWBE S
is a plot showing the performance of the enbodi nent of Figure 4, both

before @4 after matchi ng; 15FIGURE 6 is a schematic circuit diagram
showi ng how enbodi nents of the present invention may be grounded through
different |oads; FIGURE 7 shows an arrangenent in which a |oop antenna

i s ver tHl@HREY3 coapaencitemnative £riypgime ini &1 electicalleeemplex sgpselriag@ s and
in whi ghiraG8Nl E@l: notch or cut-out is formed in the 20dielectric
substrate; FI'GURE'8 shows a variation of the enbodi nent of Figure 2, in

whi ch portions of the substrate are cut out or renoved on either side of

the cemEaReCP RO ah %grgh%%ﬁ&tcﬁwﬁg.fcer% @?;%r%% %E@ﬁg Toopa l}?ﬁrﬁ:@ ds'%H"f‘&ie%\tet he

| oop antenna i s arrang t he ctric su C rough rn such a
wayOas themaacloopredizhea by conpliagtimiuctisrly thesswith; m cr o USB connect or;
FI GURE 11 shows a variation in which short capacitive or inductive stubs
are attached to the 30l oop antenna;

FIGURE 5 is a plot showing the performance of the embodiment of Figure 4, both before and

after matching;

15 FIGURE 6 is a schematic circuit diagram showing how embodiments of the present invention

may be grounded through different loads;

FIGURE 7 shows an arrangement in which a loop antenna is vertically compacted across
opposed sides of a dielectric substrate, and in which a central notch or cut-out is formed in the

20 dielectric substrate;

FIGURE 8 shows a variation of the embodiment of Figure 2, in which portions of the substrate

are cut out or removed on either side of the central complex load;

25 FIGURES 9 and 10 show a variation in which the loop antenna is arranged and the dielectric
substrate cut through in such a way as to accommodate a connector, such as a micro USB

connector;

FIGURE 11 shows a variation in which short capacitive or inductive stubs are attached to the

30 loop antenna;

FIGURE 12 shows an embodiment of the present invention combined with an FM radio

antenna; and

35 FIGURE 13 is a plot showing coupling between the loop antenna and FM radio antenna of the

embodiment of Figure 12.



FI GURE 12 shows an enbodi nent of the present invention conbined with an FM
radi o antenna; and WD 2012/049473PCT/ GB2011/ 051837 9 DETAI LED DESCRI PTI ON
[ 0039] Fiworei2lo4sdvews i n schematic forma prior art | oopcamponasgsneral |y
simlar to that 5 disclosed in WD 2006/ 049382. The dielectric substrate,
which will typically be a slab of FR4 BCB substrate material, is not shown
in Figure 1 for the sake of clarity. The antenna 1 conprises a | oop forned
of a conductive track 2 extending between a feed point 3 and a groundi ng
point 4 both | ocated adjacent to each other on a first surface (in this
case apergeepisiScRiPTIdR substrate. The conductive track 2 extends in
general | y opposite directions 5, 10 6 fromthe feed point 3 and groundi ng
poi nt 4003 péiaire d §h0WSh@nSOé1>etr@ﬁd§orm agorioswar 9op amtentgegasterallyesinilan tecthei ¢

subgt r%ﬁ&losk@%ﬁ@%@?é/oﬁgﬁg #ho¥k désurggz%‘?raféf Wit Hﬂl%&&éu I é%@%tc{f%ﬁ:&

bef ore passin secon {he di e ect i C substrate.
The corRﬁB:tsubﬁratte aciteralt lenoipalsaves imcigss 1t fre thecekd ofwldrdge Bfe ahienna 1

di el ectohbSuPS LBl fodlang 2 BALILRETRIRS LARUEEUAGLIS RBLARKFDNgT, the

first su ace of elec ric substra connectin
conductgrmendirib pbiaadi both pbedted 1:81jdoenimbd each totfesr sec anfitsts amrlfaxee(nmfthis hease an

dielectri,c s ate, that tend i.nto a central .part 14 of a.lgop.l5

F o meq U Sesie T2 B b (e, TEEESSRub et B Eleirds i Betecatl gl ERuEts b
subet r at feom [tRO#RH doﬁntcsaahob@oeue(ﬁmg pbiat 4&é@w?m¢hém@<ténlizﬁk &tgh@rdsﬁrde@beso
as tOC er t ower e substra

ISR o St L R R AL A R e i AN
sur f aceaasifg my1beo that @fc@h@@gﬂglod of thb@uegé&mmémsaﬂaee | $h§wﬂiﬂﬂcnwﬁbcl¢ hrigsrgh
the sane axis of symmetry as th e ant enna In other words, if
t he antP@A$RS 4°rPSS Q‘g‘?rﬁ?é?f’?%{ syfface; gf tHeéﬁ'Ei'%PC ﬁ%*?%ﬁaﬁﬁaﬁlogaal%@até ge&erﬁﬁy fellowinged
as the tfﬁ@ﬁﬂh&%nt(ﬂﬁth@tﬂhﬁrsuff@ée 8 AL Ak SWric %&ﬂé@l b&for@@éﬂheﬁ@rﬂﬂa@bﬁdu@h@d

groundi ng poin will be on the same surface of the antenna substrate,
si Aee t'fPﬁéj'r?ﬁ)E"ﬁEer &%é?raweérpmmecwcpné sHfeenpikthe didleqiriqisybeiralf hatgtends intg it ed

can f e%@nfréwepd?pww aJo8Pd 54fof'rﬁé’drb9rﬂ|1é/ c8ﬁ‘cﬁjdﬂf/e oSk SUSH #eSecoid@WEEe of thd S

possi ble to use holes or vias through the substrate so that feed tracks can
be f or ealedic sybskiete. surface and still connect to the respective feed point
3 or grounding point 4. The conductive |loading plate 13 is |located on the
upper 40040 cdt aah hehgeearthelthe condisdive Hraeh2 isfolsledrsiogs! to sewerrtbe gpperrand lowpr 15.

30[ 004 t t I
be- appr S S oqec Ty of PB4 HLBGEAE m bl iRl ckltf 3 APl B, 4k HF2
a ﬁ@veltkmglmrl aumigce randhmayrdisi inéerclamngediit dtei glrwnﬂ@andaamdymmmoal g60ngHr the
wher & samelBNELE RS A BBt 300 ATndl Ui Snl WAL A b B BBY o
|npedance of "1h s capacitive in naturé an an i ncreas

radi at isgmnreds$datt mueoeelmed tarnhlmﬂepon@ Ba4l maygere baedwisdthie) feeaand thec ofheorfof or

oo ar GREITS : GEReten TRVERER ahlitat¥ 6685t polioh I Gbed Fadt fasyisied 8 "
the antenna substrate, since the motherboard on which the antenna 1 as a whole will be
25 mounted can feed the points 3 and 4 from only one of its surfaces. However, it is possible to
use holes or vias through the substrate so that feed tracks can be formed on either surface
and still connect to the respective feed point 3 or grounding point 4. The conductive loading
plate 13 is located on the upper surface of the antenna close to the electrical centre of the loop
15.

30 [0041] Given that the greatest dimension of the loop 15 is 40mm, it can be appreciated that
the conductive track 2 as a whole is approximately half a wavelength long in the mobile
communications low band (824 — 960MHz) where the wavelength is around 310-360 mm. In
this situation the input impedance of the loop is capacitive in nature and leads to an increased
radiation resistance and a lower Q (a larger bandwidth) than is common for a loop antenna.

35 The antenna thus works well in the low band and it is not too difficult to match over required



10 bandwi dth. Because the antenna 1 is forned as a loop that is fol ded over
onto itself, its self-capacitance helps to reduce the operating frequency

i n certaiwoegtwdbsvent s. [ 0042] Figure 2 shows an i nprovegerdiB0uasigshe prior
art antenna of Figure 1. There is shown a PCB substrate 20 including a
conductive groundpl ane 21. The PCB sub%®rate 20 has 5 an edge portion 22

that i ahawritnf Betwusgrineladrhane ig forhd 480a iddpnbatab fA0EEBRG GHtd iedlf)ite sd@- of
an enbodi nment OE t he rese t i nventi on. The antenna ucture 22 conprises
a di el €ePRTENSRIBEIPF & d*zge peé&tmﬁre@umv grcepaing Qﬂgm%ﬁ‘ Sthe like) with
first and second Q osed surfaces A conductive track 24 is formed (for
exanpl 400421 naijouse ZB hans ﬁ@)'mBFPVPH‘@”EGM%rt thet R 2havieRge Lidiigieal hereals

confi gyhaivh @PER stib&tats DOWIddInd gamc%ve grtBUYahd2l. The CB substrate 20 has
vertically-conpacted 10 loop wth a eedé50|nt 26 and a gﬁoundlng poi nt 25

adj acer®d adgeduElPohiat Brfreder PpraseUnipianac Tor MoNeURYBR e ierea SHpeHre AR0f
conductgnVembsdfénedr et sﬂé@bmm\/éht%nemé lafteMRR St RirdlIoeEd e s T4 QmIdd%

feed point 26 and groundi ng poi nt 25 respectively, then extendi ng towards
an edgeubstrate@3dfoslesempliedRtipsPrmid® othetlike hwita§ist Agd secandeorpesemauréanesace

f th |
of tho /i SIEER S BE ks Blied ol onmiio B RS T BRI R g B8 SFAgRS ravhhare
pat h t skeiter avetadiecanfigeratiguid Hee sbéwn lire Fitived dc painelysthdis ofr atverti2ally-admepacies
ends Ofodd\GuuF AIEUTbONE o6 LAGYS §duMlnd BGinE S5 OBBoSHYbAGEN Olnd B AR BHE.LS

t hen con ore |ve sides o con I've arrangemnme

t he seobite subrstrate volfn ﬂhlae:oddmtteettrack Z#fLmserrcnrngamZ@rteMIy ca)pbeutﬂjdlrd;o’ubos drom
central rt, o utlve

Sort nond el initaq 8RPoloPhTE obihs P8 FeSAN). uleh bHESEnd Tultot AR B8 Wthe.
27 conpiielsedc bmﬁnraﬂsﬂlzaduhen |paesuag1do dmp@@nohd\serfad:@nsemesdlellentncmmpaimtem amd h
t he arrangenent of Fi

ur band match, is h d 004
H our o B Rovana Syar B Sooe Sitac Il B iRt Stotfayt 28 wothp meT petetaly 1 «
I(absl I e@lldoasncj B Jattgtaken dn tFl'd;ﬂfn%)t ellmf'mdlomm d1@re@vr|cc@s)sﬁizmte6236cltrre:c tﬁ@Ldn)dsQﬂ)mH ex
l.e. |l nduct]v capacitiv oa e C l1on of the sec
sur f ac&°Bfu t'H%?@a‘bgi‘ Patlée %Oﬁg SHB‘%?F‘SO&P%UE%W?E %%a*éﬁ?oco%ﬁg? tdp gespget "fﬁ)’s'g%l s
techni g @dn@gctmd&radg@%haweom G@Iﬂ&,c‘sé@ﬂ@esuﬂ@@é ot hfé gieRteic Ribstrie dop.
[ 0044] Figure shows a variation (this time omtting the substrate 23 and

top halﬂfatcﬁx"?'ﬁ’é inier @ 5RAtrel AT Phe leeraiirmgdslyr thel eanduglive) ragkh? 4 Rntthe sreensd

| oop a@hﬁﬁé@oﬂ%ld@&tmsama(féméuﬁﬁérﬁfﬁ the 26Kducdive %rr@ﬂ@é}ﬁéﬁm Smi¥es both
termnals 25, 25 to ground In other words, the main |oop 30 antenna

i s2fot Iyctive pyd Gﬁ@aﬁéwekﬁ}e@e'ﬁtéed” ZEMRarisqn withy theearranggens of Figyteehdhe tigh

mai n 'Q)%Hd?ﬁﬁté}ﬂ@%uc% figd by a separate, snaller, driven |oop antenna 33
formed on the end of the PCB substrate 20 on which there is no

groundpbeidy % é'?, h@WsVae A6R of SRRt bt PQufe 5 86ith Bbdidaund 32
connec'm)on Thggeurs eﬁ , .garr!aven T‘ Y antg:eénna é %a %e Icoﬁge gur eg to
r adi at doratigarend. ghkis efrmtéquueerdw@ﬂdemaree@gtrlcalgu@?m@{sx ﬁreelrwlwch\reeaw Fpacitive)
fr EquUensy iR&}I%jéentral region of the second surface of the substrate 23 by means of a stub 28 and
25 slots 29, 30. This technique also adds inductance and capacitance near the center of the

loop.

[0044] Figure 4 shows a variation (this time omitting the substrate 23 and top half of the
antenna from the drawing for clarity) in which the main loop antenna defined by the conductive
track 24 is connected at both terminals 25, 25’ to ground 21. In other words, the main loop
30 antenna is not directly driven by a feed 26 as in Figures 2 and 3. Instead, the main loop
antenna is excited by a separate, smaller, driven loop antenna 33 formed on the end 22 of the
PCB substrate 20 on which there is no groundplane 21, the driven loop antenna 33 having a
feed 31 and a ground 32 connection. The smaller, driven loop antenna 33 may be configured

to radiate at a higher frequency of interest, such as one of the WiFi frequency bands.

35 [0045] This inductively coupled feeding arrangement has many parameters that may be



WO 2012/ 049473PCT/ GB2011/ 051837 11 varied in order to obtain optinmum

i npedance mat chi ng. An exanple of the performance of the antenna, before
and afterwombchuspg3 is shown in Figure 5. Lunped or tunablresBoandi37

el ements may be added to the ground 32 of the small coupling loop 23 to

adj ust i npedance response of the antenfh& as a whole. 5[0046] In a variation
of the vanedirt order foettiin@prhum ippeasidel iatching. AMtARDISSE the Perfpatagetof themai n

| oop may be f capaci t |y nmeans of a hort m)no ole onth nde SI de
of the aﬁﬁﬁ”ﬁ‘apgsoé%k?é‘tdr %gt‘ '?‘Gtc%lgpl'?ﬁ oWg i3 %‘Hﬁ on ot %Obﬁ‘f’@?ﬁ‘at

top si deréntt e Bd&EBt2Pe ghbisd 82 lRAGLEMAN cH@stinhe6dp 28 $¢ hesedin dénce
previ ous pat ent yglgépl i cation, giJK patent appli ca?%gnQNo GB0914280. 3 p’[éo t he

presentre%ﬁ?ﬁﬁi?é’éWP a”i@'["@(ﬂ@?qw flet ead of directly grounding the nain | oop
antenna, it is sonetines advantageous to fgr ound the antenna through a

conpl eX0948dd It anyariaipm T ithelindugis, Teediace’t drmerasitia leaptaniensp 3.8 rasasiim
line Orményoog%a; B@?éo%p%nw?%? S &F b%ﬁoﬁrmc%baielﬁ the THEERRIRHSe mahe

gr oundi ngOpm nt the antenna hay be switched between several different

conpl eX au%st@ée 3@ qoe;plmah@l 2 seeionagfttbe patansacuv e tap fsider efnthe fmain (R ¢0.
band 25
ands %.ssg'ﬁé(@gn%nﬁh%rb%?ﬁ d&ea%gggsu SFQ@nt &%g&@cﬁgﬁg@gﬂ%gl J fohfSh

and t he groundpl ane e mal n rate

connectNo@GB2%1428Arictottse presehieanplicanidpl ane 21 by way of a switch 34 that can
switch in different inductive and/or capacitive conponents 35 or 36, or

pr 80i dd0ed7di rsteaccoidirectly grouddingltie ntaén eamplennghibvensdredtimes advantageplieio
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t hrough par t he antenna substrate 23. The objective here is not so nuch
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41 or simlar |ocated. It 1S often desirable to ocatethe ant enna
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phone Q@%sﬁ has B&@Q&tqﬁfyﬁé %B&Bt%&%l%]\ﬁﬁgre]tﬁe E-field is highest, resulting in

improved performance in the high frequency band.

25 [0049] Figure 8 shows a variation of the embodiment of Figure 2, where parts of the
substrate 23 are cut out from the second surface on either side of the central complex load 27.
In this example, the cut-outs are generally cuboidal in shape, although other shapes and

volumes may be useful. The efficiency benefits are mainly in the high frequency band.

[0050] Figures 9 and 10 show a variation in which the main loop antenna is defined by the
30 track 24 and complex load 27 on the substrate 23 is arranged so as to leave a central area 42
free for a cut-out 40 right through part of the antenna substrate 23. The objective here is not
so much to reduce losses but rather to create a volume where a micro-USB connector 41 or
similar may be located. It is often desirable to locate the antenna in the same place as

connectors, for example at the bottom of a mobile phone handset.



[0051] In a further enbodinment it has found that short capacitive or

i nductive stubs 43 may be attached to a driven or parasitic | oop antenna 24
t o i npr owsot2be/dasgydwi dt h, i npedance match and/ or effici eqgyGB2081/B83AN i N
Figure 11. It has been found particularly advantageous to use several such
stubs 43, as part of the central conpl & |oad 27. The stubs 43 may also 5
be useqoesiyam ageans smidtRResOn H@@fcﬁﬂdﬁﬁaﬁ%@ﬂca@@b'&ﬁe of |rtdhetn}e0§tpb§r48 uRdyr e
24. Cut-outs 39 in the substrate 23 nmay al so be provi
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requires otherwise.

25 [0055] Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embodiment or example of the invention are
to be understood to be applicable to any other aspect, embodiment or example described
herein unless incompatible therewith. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any

30  method or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments. 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,

35 of the steps of any method or process so disclosed.



[ 0056] The reader's attention is directed to all papers and docunents which
are filed concurrently with or previous to this specification in connection
wi t h t hi sweppidmaiison and whi ch are open to public i nspectriagBrowidsissthi s
specification, and the contents of all such papers and docunents are

i ncorporated herein by reference. WD 2812/049473PCT/ GB2011/ 051837 14

CLAI M5:[0056] AhkoRdans em@aticiomPrdirstted @ dil glapety laﬁdsmwewt@vhaan g flilgdst
and second oonsed surfaces apd a cgnductive track formed on the substrate,
wher ei FORFEFERY With G5\ ArgrepsaiortRis SPegiTicRiiontn Saanestigh sitAdNs grptsaten 28 YrEsh to
each otdhiebpem td Beblfd ihsdectibh WakehRfspebficatddsthaties comtbhtstdiailcRidl WabbMeardd ack
extending 1 n generally opposite directions fromthe feed point and
groundﬂﬁ@U@BFﬁﬁ”?E§Bﬁﬁﬁﬁﬁ%h?e”tWbﬁﬁﬁﬁﬂ%hdlng towards an edge of the
dielectric substrate, then passing to the second surface of the dielectric
substrate and then passing across the second surface of the dielectric
substrate along a path generally following the path taken on the first 10
surface of the dielectric substrate, before connecting to respective sides
of a conductive arrangenent formed on the second surface of the dielectric
substrate that extends into a central part of a |loop forned by the
conductive track on the second surface of the dielectric substrate, wherein
t he conductive arrangenent conprises both inductive and capacitive

el enments. 15 2. An antenna as clainmed in claim1, wherein the inductive
and capacitive conponents are discrete or |unped conponents. 3. An antenna
as clainmed in claim1l, wherein the inductive and capacitive conponents are
20di stri buted conponents. 4. An antenna as clainmed in claim3, wherein the
i nductive and capacitive conponents are fornmed as tracks or printed
conductive areas on the second surface of the dielectric substrate. 255. An
antenna as clainmed in claim3 or 4, wherein at | east some of the inductive
and capacitive conponents are defined by slots formed between conductive

tracks. 6. An antenna as clainmed in any preceding claim wherein the
conductive track is arranged so as to define two arns, one on each side of
t he conductive arrangenent. 30 7. An antenna as clainmed in claim®6,

wherein the arns are symmetrically arranged.



8. An antenna as clainmed in claim®6, wherein the arns are not symetrically
arranged. 359. An antenna as clained in claim8, wherein one armis |onger

t han t he wpher2o49M® 2012/ 049473PCT/ GB2011/ 051837 15 10. AOTAIH261INE183S
clainmed in any preceding claim wherein the conductive track on the first
surface of the dielectric substrate pa%$ses through the dielectric substrate
to the eqmsed surface by neans of vies or holes. 511. An antenna as cl ai ned
in any preceding claim wherein the conductive track passes over the edge
of the dielectric substrate fromone surface to the other. 12. An

antenng as Q| fdpeanteAnAM6rRFiSHEMU RMbISHA BubdRE Sialingherst aRE WelbN e oth
notwi t hst andi ng t he conductive arrangenent, is generally symmetrical about
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the co rac OVI arns or spurs or o er extensions
ext endipragsihgntt@tf@rsmv sﬂrfma ohibe ciégiestad spkattateoand Henl mpmg acros’BStheAacond

ufBce ofiih ba n neIfIW| teoher
ant enna, gs P{rereé? 8%8%&% @ga f?i' [ A5 LB Wil &ﬁﬁe o 6

one 20parasitic ra enna a in C
whébei sutfhes partmlohelectnactnastra‘(g bbfene mbnmectugg da n@edec(tlaermxm'st efl at ooraiuctlve
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radi at i 6
central part of a loop formed by the conductive track on the second surface of the dielectric
substrate, wherein the conductive arrangement comprises both inductive and capacitive
elements.
15
2. An antenna as claimed in claim 1, wherein the inductive and capacitive components are

discrete or lumped components.

3. An antenna as claimed in claim 1, wherein the inductive and capacitive components are

20  distributed components.

4, An antenna as claimed in claim 3, wherein the inductive and capacitive components are

formed as tracks or printed conductive areas on the second surface of the dielectric substrate.

25 5. An antenna as claimed in claim 3 or 4, wherein at least some of the inductive and

capacitive components are defined by slots formed between conductive tracks.
6. An antenna as claimed in any preceding claim, wherein the conductive track is
arranged so as to define two arms, one on each side of the conductive arrangement.
30
7. An antenna as claimed in claim 6, wherein the arms are symmetrically arranged.

8. An antenna as claimed in claim 6, wherein the arms are not symmetrically arranged.

35 9. An antenna as claimed in claim 8, wherein one arm is longer than the other.



ungrounded. 18. An antenna as clainmed in any preceding claim nounted on a
groundpl ane-free region of a notherboard. 30 19. A parasitic |oop antenna
conpri si ngoaothi@abest ri ¢ substrate having first and secordTapposgdissur f aces
and a conductive track fornmed on the substrate, wherein there is provided a
first ground point and a second ground1poi nt adjacent to each other on the
first lSliorfacse] SMtedreaseibiatddan %Py\Méd@ﬁhb?lmmnﬂggﬁeiir\émetdoaalgctﬁéTtr%ﬂgbﬁ@]é first
genera opposjte directions fromthe first nd seco roun oi nts

res pectsfjé@‘?‘{/) ,O?tth%rfj"g%?téﬁoﬁlﬁa”%t&mﬁ?%s atﬁr%'@getth g‘?'ﬁ“ét”&i %Ll'rlé&rgﬁ o §rﬂfg§f3?9ﬁde,

t hen pasghéWby MebheobBs9PHOhGEE.f ace of the dielectric substrate and then
passing WO 2012/ 049473PCT/ GB2011/ 051837 16 across the second surface of
the dielectric substrate along a path generally followi ng the path taken on
thesfingt syif a68ned ab REideeli®Ghy ife RS 6188 wHBEATRe CBRARIVE MGcRIpadses
conductive loading plate formed on the second surface of the dielectric
subst r &ver W‘ﬁ@tdgéﬁ?%dhelﬁﬁflésb\b%@ﬁﬁ fram grgraurfgee i the@aror ned by t he
conductive track on the second surface of the dielectric substrate, and
S5wherein there is further provided a separate, directly driven antenna
confi guled the éxtdnne eheclpiaregdsin ianyl ogsedingealaim, whereim thar agiductve degsk,

ant enn I-Sing g rat.e i i : o} ed
S0r £ ac DOFATREBIAE ArBLEH bR SoodhRIA b atioAUhane SR ARARE
pr 40i deldfized h€tween $te fiysbantisquond sudacksaf decaidtrgteound poi nt adj acent to
each other on the first surface of the substrate, with the conductive track

extending in generally opposite directions fromthe first and second ground
poi nt s 18espdat amehya akheaimexrtie rechynonet ofvalnihss dntoetiigentadreih tee dioati@ctive itcack,

b : : i ng,. he. d f f the djel T b
and t haRtsEFHRAES Ll €Eis g SUamP e o f namiBe ot AelPedndipa I ©
al ong dirpainb sgener alrfages of thewubgtrdtbe path 15 taken on the first surface of

thﬁ di el ectric substrate, before connecting to respective sides of a
conduct i ve arrangenment formed on the second surface of the dielectric

substr aye t et arRiRnsksSclhiftcd ia af§ Prdcabiing@Tdim Olvhérelnaap cbaduttide B¥ck B®rovided
conductive track on the second surface of the dielectric substrate, wherein

the coMdli@Myer SPYra ity OHehEXEBRBRT SEENHBY NP ALRweY Femdhe cenifepttiol ke loop.

el enents, and wherein there is further provided a separate, directly driven
antenna 20configured to excite the parasitic |oop antenna. 21. An antenna
as cl ail®ed AP antgnie BS epimesl in\ABY drecading slapar Birteed pravidedanite mideasdke® t he
fopm ofpapasiiBhliglind ORMeANt enna | ocated adj acent a portion of the conductive
track extending fromthe first ground point, the second | oop antenna having
a feed point and a ground point 25and configured to drive the parasitic

| oop anigenna, by bAdHed Lot if Uil 139 whbRSiEMet $hrasitic radiating element is grounded

(connected to a groundplane).

25 17. An antenna as claimed in claim 15, wherein the parasitic radiating element is

ungrounded.

18. An antenna as claimed in any preceding claim, mounted on a groundplane-free region
of a motherboard.
30
19. A parasitic loop antenna comprising a dielectric substrate having first and second
opposed surfaces and a conductive track formed on the substrate, wherein there is provided a
first ground point and a second ground point adjacent to each other on the first surface of the
substrate, with the conductive track extending in generally opposite directions from the first
35 and second ground points respectively, then extending towards an edge of the dielectric

substrate, then passing to the second surface of the dielectric substrate and then passing



22. An antenna as clainmed in claim 19 or 20, wherein the separate drive
antenna takes the form of a nonopol e antenna | ocated and configured so as
to drive wbeopauessti c | oop antenna by capacitively couptirmgs2ohersessizt h. 23.
An antenna as clainmed in any preceding claim wherein the |loop antenna is
grounded t hough a conpl ex | oad selecteti6fromthe |ist conprising: |east one
I nduct eicrosaithé e8sindwefac@patict MEloctdit sLbérite aaglepgh yenérally BMSWINgsthepath ne;

and any conbi patjon of these jn series or in_parallel. WO , ,
2012/ OAW%PP@%‘C?H%@%?%%? ‘Ji@r?]e%t\r/lf? Subsifte: g{)r feeANGRINS & afendiyp dadingads
SO as tymteheHed dhdeatcBRNBulseCoMRE dilliddifd SilstrateeMAEBRYNPAMES a cedbal Hitt
antenna as clainmed in any (@recedl ng claim erein a central notch

wh
f or med of A 1PPRTOTAPE P¥ &G PRNAIGIHE fragkeon thosecop %H’faé’ﬁr?é”é?sdiéﬁeﬁriﬁé&bﬁtfﬁtgvd

pr esediykp &ih dhdre iARTHRY Prividdd a QEparafe, REERdarivant diteRCIMigaIeG  BC&cRE tHde
dielectric substrate on either side of a centre |ine thereon. 1027. An

ant enn®agasitic] laemarfenta.-any preceding claim wherein a cut-out is forned
through the dielectric substrate so as to create a volune in which a
connector may be | ocated. 28. An antenna as clained in claim28, further
conpri £0ng & werasdict lopp | antennad comprisieg \BoHighastric1 subspate haviaatfesinandiseedns ned

| nact (ROE s Ahdl coHipRE ERERELE, B sl BtEhe PrbRIRGE s Krfled o
cl &Dredirstrgraumd prirtcadi angeadndi growslipeisidadjacemh & saaheotbér en Hei firsids wefaee tof the
substrate, with the conductive track extending in generally opposite directions from the first

and second ground points respectively, then extending towards an edge of the dielectric
substrate, then passing to the second surface of the dielectric substrate and then passing

across the second surface of the dielectric substrate along a path generally following the path

15  taken on the first surface of the dielectric substrate, before connecting to respective sides of a
conductive arrangement formed on the second surface of the dielectric substrate that extends

into a central part of a loop formed by the conductive track on the second surface of the
dielectric substrate, wherein the conductive arrangement comprises both inductive and
capacitive elements, and wherein there is further provided a separate, directly driven antenna

20  configured to excite the parasitic loop antenna.

21. An antenna as claimed in claim 19 or 20, wherein the separate driven antenna takes
the form of a smaller loop antenna located adjacent a portion of the conductive track extending
from the first ground point, the second loop antenna having a feed point and a ground point

25 and configured to drive the parasitic loop antenna by inductively coupling therewith.

22. An antenna as claimed in claim 19 or 20, wherein the separate drive antenna takes the
form of a monopole antenna located and configured so as to drive the parasitic loop antenna

by capacitively coupling therewith.

30
23. An antenna as claimed in any preceding claim, wherein the loop antenna is grounded
though a complex load selected from the list comprising: least one inductor, at least one
capacitor; at least one length of transmission line; and any combination of these in series or in
parallel.

35

24. An antenna as claimed in claim 23, wherein the grounding point of the loop antenna is



20substrate, in conbination with a second antenna nounted in opposition on
the other side of the main dielectric substrate. 31. An antenna as cl ai ned
in clai mB0, 20BN the second antenna is an FM radi o a0TeIB2811/035837

17
switchable between different complex loads so as to enable the antenna to cover different

frequency bands.

25. An antenna as claimed in any preceding claim, wherein a central notch is formed in the

5 dielectric substrate.

26. An antenna as claimed in any preceding claim, wherein a cut-out is formed in the

second surface of the dielectric substrate on either side of a centre line thereon.

10 27 An antenna as claimed in any preceding claim, wherein a cut-out is formed through the

dielectric substrate so as to create a volume in which a connector may be located.

28. An antenna as claimed in claim 28, further comprising a connector located in the
volume.

15
29. An antenna as claimed in any preceding claim, further comprising at least one

capacitive or inductive stub mounted on the dielectric substrate.

30. An antenna as claimed in any preceding claim mounted on one side of a main dielectric
20  substrate, in combination with a second antenna mounted in opposition on the other side of

the main dielectric substrate.

31. An antenna as claimed in claim 30, wherein the second antenna is an FM radio
antenna.
25



