WD 2007/ 144382 PCT/ EP2007/ 055842 An Utra W deband
Antenna Field of the Invention The present invention

W0 edoatiesst o ant ennas, and nore particul arly toPEIERINAGSSS42
for radiating ultra wi de bandw dth (UWB) pul ses.
Background of the Invention Pul sed el ectromagnetic
(e/m energy transm ssion and reception systens
typically possess w de-band or UWB transni ssion
spectral bandw dths. This UAB characteristic stens
fromthe pul sed nature of the e/menergy transmtted

and recei ved by syst Itra WIEHARS, gasuch ener gy

pul ses in the tine-d%%%%ﬁ_rs_ryprtaFﬁb‘ of any
nunber of approximations to a delta funct| on, and
generally has the property that the w dth of t he
frequency spectrum of such inpul se increases as the
mhiiigerdRMBL thiichengt h" or duration of the pul se
decreases. Thus, the shorter the pulse of radiation is

Thee pissoddeventson reates gecanterinabamathvingerh. pasticulad i\td erderchas for
S.previou def.i I mpul se radi o, but those
r@@??ﬁ%ﬁﬁﬁﬁ“ﬁ%éa mﬂﬁﬁ“ﬁ@ @é&?t as an avail abl e

bandw dth set with an em ssions |limt that enables
coexi stence without harnful interference. One of the
chal | enges of the inplenentation of UWB systens is
2Q 1%3X§ @@gg&ngg a suitable antenna that woul d
ages prom sed by a pul sed
Rutsettuélectedmapmety Seam chddBy sysk@isionegid rrecepam 8Rftams typically
that cover nulti-octave bandMAdths in . order

Pepserside- il 968 WR Hanemissiga speptral Bar}ﬁ%m%@éc@hld UWB characteristic
SEHAF b AN g)turéemn@{u@@lof Hest/a Eﬁé?gy tryfk‘?m% @rr&:%fxféﬁ%ﬁ%stems

of antennas result fromexcitation by inmpulse or
Trimrshspmol%mcu ahergyipgiseh $n Wet thme-dpindinyis ttypies!lyaone ofgany number of

f t d i,
BRERTIRISES b gt e SRR 1S ARy REDHEYIRE o e
fiddaéndyn@ebthiR o8 Qe MpudRhiavieRdes adkhd ﬁlﬁe—@@hﬁﬁﬁﬂehgﬁh” or duration
critical to the operation of the antenna.

opdhe ipulse alecrepges anl hyspedshestier tesprse Al @frdlailos;lc@rthﬁ wugadyr is its
B%%%J? i@%é%ph an antenna (such as at the open WO
it PCT/ EP2007/ 055842 2

Ultra-Wideband was previously defined as an impulse radio, but those skilled in the art

now view it as an available bandwidth set with an emissions limit that enables
coexistence without harmful interference. One of the challenges of the implementation
of UWB systems is the development of a suitable antenna that would enhance the
advantages promised by a pulsed communication system. UWB systems require
antennas that cover multi-octave bandwidths in order to transmit pulses on the order of

a nanosecond in duration with minimal distortion.

The UWB performances of antennas result from excitation by impulse or non-sinusoidal
signals with rapidly time-varying performances. Thus, when an antenna is used
employing such pulses in UWB applications, it is often found that the time-domain
behaviour of the antenna is critical to the operation of the antenna. In particular, if an

impedance mismatch or discontinuity occurs in such an antenna (such as at the open
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circuit end of the antenna), the consequence is often
t he unwanted generation of standing wave of e/m

wen@rgys3st t hin the antenna' s radi ati ng el enent #S¥I/EP2007/055842

caused b3 reflections within the antenna of the e/ m

energy to be transmtted. 5 This trapped energy not

only reduces the efficiency of the transducer of which

theuit aind efinBe fapfeliBa)a tiRaténselpithcalis @ftﬁﬂské un@hsedr@sae@tion of :

interferes with signals recelved by the  transceiver

FRndiag tweet P%ﬁfi’éoe“éfgé/r Jipthins thg ?mremg?r %%(Htm% elsment(ple caused by
t ch as a

T E R e A AT IR S PRI 15 The

antenna input wll typlcally be partially reflected

&&on1the open-circuited, end

e
Qe RBE Rk e S 5 el Tiege Riiobf (SRR of which

%ﬁbﬁﬁ%nﬁ@@%ﬁ piftiao rhRkY! rd‘B»s&f%ésJ &%tepferéssmqf diBfhls received by the
referred to as "ringing" may be referred to as

trapeeiver ehilethgitapped gicrgyels |st111 ofegeitterithiobsoutessat he
aperture of the antenna. 15 Pul sed UWB transceiver are
often enpl oyed in applications such as short-distance

PR&, i @Y AGondit siredgic) sushas W E@pBRtantmda, S @ipuldehiesRl sjected af
gglse e/msignal is transmtted fromthe transceiver

dinfenga prgyuf é’é]tl hovcatlytheaniien rpflecdedro@dhapper-cigeujied gnd of the
f t )
TRRRLsbTE o AR orPHES Bl RO A5 R THE BT By, Thie
tdnentreflasivai ¥ esficnefetiredaioyasr afdghes”i @nmaf Hel’h&fer&ldgmaﬂts “aperture
is expected to be received. 20 This ainms to ensure
PIHHET (SHIE® {1 CApfiahy/phsshres I@meﬂar&égfhhfoftn $Wferfere with
its received reflections and thereby obscure the
posi ti oni ng/ measurenment process. However,
Pulsgf ROV Bpeansgeiwer hrgt oien capldyed inmapplisatiocmgciuch as short-distance
g(?ﬁ?tg(gﬁgg(nﬁ%tl?r?gglh g’b@é?l{;l e%tﬂ]ggsﬁgo%imp ?e Py 5 Pr Islggalals transmitted
BYRI GRNBardsbdiSerPArd] t@%ftﬁétmﬂ@db%@u@ftl@ ﬁ:b@ﬂé’d afBs AR RN Brief time
material to the ends of the dipole antennas thereof or
pyriod o&uethgn tanelieation rAGran thf e dingire F/@w@@als pylsedappxited the
51%?5'111 %toq{tﬁe rps@%v&hfef& %fbecjugn thaﬁglgﬁ ){?%ctgﬁiwggrecelved
Qtenua di'ny waves

ﬁmerzt]hhr‘s eoCdngtiteethat 8 tlanverieed stglﬂﬁ]hdml nidti mt&fe&r &vith its received
generally of little effect. or likely result in
Fhigelsans abe yherehyRhsgyrg dheasEing g faﬁasalfemen process.
received/transmtted signal energy. WO 2007/144382
PCT/ EP2007/ 055842
However, ringing/aperture clutter results in just such obscurement and is highly

undesirable.

Prior art pulsed UWB transceiver systems have attempted to overcome this problem by
adding e/m signal absorbing material to the ends of the dipole antennas thereof or by
loading the antennas with a distributed series of resistors along their length in an
attempt to dampen or attenuate the standing waves therein which cause aperture clutter.
However, such solutions are generally of little effect or most likely result in undesirably

excessive attenuation of received/transmitted signal energy.
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3 Furthernore, short-range positioning antennas are
nost desirably small in physical size so as to be not

woioy/1p81 abl e but al so useabl e at cl ose quar t BEBER2007/055842

in confined spaces This requires the antenna to be as
smal | as possible. However, reducing the size of ar

antenna has, in prior art, tygically result in a

EOMiiemPBa) @hdﬁﬁrz[n%@ lﬂ)@ﬁl'tl@ﬂmgfanf%ﬂﬁﬁVﬂrQﬁﬁbst SestrabRYseiBidinl ghysical size
smal | broadband UWB antenna with low ringing tinme was

by foshredoti anly pretgde bt algp pscablgtat slpseBpataand impendied spaces

IS: r.at e
ASLTRL LSS Bt D AT, TS B! G orr
Stlznnattiaghin peios bt e:gpmemyyrekmwrra xtgfasgoﬁdmgmehacrmmrdf@an@xfzidth.
the inmpul se frequency. It also produces a 10 w de
el evati on beam wi dth of radi ated signals and a shall ow

' I t [ - :
AP Sl lr BBl LT OB IR AT ibisned i
WBupdmﬁnmmhaxmedﬁBQMﬁﬁﬂa wbn%eaﬂwumahnqnpmpmddnanﬁEﬁnaz This

on ct a l.ete, zer.o-si nul .
75 ghient® Lemo TS, st PAPR e api B (T PR Colints Gz which
&sang vefy foherikMBe M@Hﬂ%dn%s@gﬂ@ﬁgﬁ@s&ﬁ&iﬂeﬂ@s haotdy produces a
excel l ent screening of the associated active circu
Widsnglevrsion dpmt Wisgh ap sadiated signals ag pehallowmadiatipy null along the

I artition. of

BocBiohit 3 PRt Synhlefly SEPEf TENMUREELPEAG R fhe wout

SQMRPB&NTromi 5 cenvdniidigl hitHopsle. anZnd ey ehom@uldegival b complete,
pl anar antenna structure is desirable for applications
ﬁﬁ?éﬁmﬁbﬂﬁ Feng By syisioheuPMstyon of the antenna on a

user's clothing or on a PCMCIA PC card for WFi,

Bl uet ooth and UWB si nul t aneous applications. 25

Sltthoreghythe grdulng plancexttheoll WIB anqenm’mr(ﬁBP.ctﬁﬁéﬁO ipmvie&isﬂmtlt excellent

rovi de antenn for use pl.i cati ons,
B bitirordlls SR F0RE ab s ARG B MesATRUAL Frfle ing oS formed

b henahAVRIR" OPIRMMmtel dngRR&IAL phRIHMR: off BendnAURNY itQRsceiver, the
provides a |l am nar antenna for use in ultra-w deband

Blerensrmsteat-dlons compancanisehhd Poichgesubst antial |y
| am nar and conprising: a first electrically
conductive layer form ng radiati on means operable to

Tigdrefode, asyvgl prRhidddishnasiubiufe it deditale Pr0dgpli€ations which require
easy integration of the antenna on a user’s clothing or on a PCMCIA PC card for WiFi,

Bluetooth and UWB simultaneous applications.

Summary of the Invention

The present invention aims to provide an antenna for use in UWB applications, with a

general objective to overcome or at least ameliorate the above problems.

In general terms, the invention provides a laminar antenna for use in ultra-wideband
communications, the antenna being substantially laminar and comprising:
a first electrically conductive layer forming radiation means operable to form a

substantially omnidirectional profile;
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WO 2007/ 144382 PCT/ EP2007/ 055842 4 a second
electrically conductive |ayer, parallel with the first

wo 200en443snd provi ding a ground plane w th resSperEP1007/055842

the radi ation neans; and a dielectric |ayer separating

the first layer fromthe secopd layer. 5 In a first

aspect of the present invention, there is provided an

ant enmgccpnd Bleewicaly eondiiceVvelay e paralidistitiathe fearpydrsindgproviding
a radiating element and a transm ssion |line printed on

a fr%ﬁltouggP%aae&I@rregﬁmwdh%méaﬂpnénesflabwat e and a

gr oungdl%ye%gm%y&rsg - £ithORe &Ky ﬁH{nftﬁ? Secofil Iaﬁgw ng a

di el ectric substrate, sald radi"ati ng el enent
tapered shape with a narrow end connected to a first

]g]fndgof sal %{ nsm ssj on |{’1 and two $ 0Si ng edges d
HFLaSPECtr AdiPS LA Ry MEFRRET tB?{FHéd’cS%%‘ ag gnpnna ‘printed on a
JiERPSI BB AR Eélﬁﬁrm %ah GladieHad bRt NBidnshiidstd¥eline printed on a
havi ng a v-shaped ch distal fromsaid first end of

&mtdutfamw@frﬁashdlewcurncwebsﬁm dldp aroubd olstent piiedpn @ahadk surface
e not ¢ \A ends cont | OUS
of slaléfa &)181%&%: SHgStrea? g gaél 0 (WS) ’%ﬁl%a avm ered? eevxrne a narrow

éfrﬂr donfgcted top fisyt reme tofisgial trdr@bmlonwtﬂeg hn@l twe bggosig éuges of said
i ncreasing distance fromsaid first _end of sald

Itaﬁ@ﬁgmeéf‘swh cppihgious 4¢ gaifsirgspdsionglinsd gais weiaggg ¢lement further
lga£ IVrkglaSA(fﬁr(ﬁgﬁ d s\“lc{lt foh sgﬁﬁvﬂrﬁtg r@b&} #ﬁdﬂ rbltis\fmg)sflo hne wherein a
ser a there or

tions along 1ts |engt mng a s
wayder sénduct waid $-ehaped grach havdpggatol nlga(mingngl(ﬁaazcdltlguous to said

edges. e v-shaped. notch nm e extended into said

PRRHFIAE] ‘?ﬁge%l"éﬁé %%Jaﬁlﬂgaﬂr%ef%i{é%g%\fﬁgﬁf doInges 2 by sHameipal lobes
WBRh %%gé%%ﬁﬁ er SRS el fom SHP EF&%&R BPsdid RRSVAESSh line, said
si gnal nbdes of sai radi ating el ement. Preferably,

srpiodingeadgest dlosasd sadeatinggelgraerit dulitlecx| Hay ingi sspluidiily el sgrrations along

that sai,d radjatin Ierretls erable over a w de )
BT G B 2T egaens: ebelPE s ik Poalpfyd atons said
&gee 25 of said radiating element. Preferably, said
serrations are fornmed to enabl e an enhanced rate of

radi ati ve energy |oss along said edge thereby

flggd\lrl gfleﬂ)%g gfclhferﬁ%jalg{eﬁér%a th &Y %Alﬁt Qg}ﬁ«lﬁ}t%vlﬁp%x 33)%5( %ngle less

Sal serrati O are torne

ﬂhblat90eaegreasemembyomHstapsalay gupoesyad; byndvese signal modes of said

convergence of two serration edges.
radiating €lement.

Preferably, said serrations are log-periodically distributed such that said radiating
element is operable over a wide bandwidth of signal frequencies without increasing size

of said radiating element.

Preferably, said serrations are formed to enable an enhanced rate of radiative energy

loss along said edge thereby reducing reflection signal travelling back along said edge.

Preferably, said serrations are formed such that each serration tips are formed by the

convergence of two serration edges.
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WD 2007/ 144382 PCT/ EP2007/ 055842 5 The convergence of
said two serration tips may be fornmed at an angl e of

whedonaerss2 appr oxi mately 75 and 105. Pref er abl ypCHEPZIO7/055842

serrations are distributed such that correspondi ng

di mensi ons of 5 successive sgrrations I ncrease

| og-periodically whereby the fatio of said

TR cesRENEcAG didTens isegionntipLaRecie AfrmsdcaessSinmte of between
serrations has constant predetermned ratio val ue.
mredamaisly 75°saidd 03&r rat i ons of said opposi ng edges are
arranged symetrically such that one is the mrror

i mmge of the other along a |ine extending through the
pdiradli ngaigl srRifibng Qrd radsib@ed duchRn®al $6iredpohiling aimtknsions of
between said two edges. In gne configuration qf the _
BiseRsel Ve Spaeiions dngreas§ rlegrmeriedielyvhegy thegpiip af saig cgfresponding
o A AR oo T R I Bt rifed raio value
suppressi ng resonance of said radiating el enent, said

ongi.tudi nal edges of .said ground 15 pl ane bein
%fa #hlg| safdosegagng o sy qOerpare é@%%awetga%/ such that
Stleqt sheBMRor SnhEEsBAE olRPFILAS o 11RE 8L @A@RE Yhrod@ e radiating clement
transm ssion |line has a second end connhected to a

o said tfaseisponiine agd betwsph yaid gvo ngges. si gnal
therefrom Preferably, said signal feed point is
| ocat ed between said transm ssion |line and said

B $HeNsbnEle@REBh of 2B hvbrva dspédiheiid griiapendedi haspqdiirality of slots
there is provided an antenna Frinted on a first
€

shaeqdeantert fEom sagisethet @ iTesHlt iBiehg walpag vae jongitediaphgdges thereby
, i SSi Lyi ' on.- .

EBprePhE ARSLER o Bt Ry bRt 1o BRlina P eEE6F 4 eround

mlanebdiag garalliglftased ofbinsaisdon fihe.st di el ectric substrate,

and an RF shield superinposed on said front surface of

said first dielectric substrate and separated by a

ﬁg?ﬁﬁ’ﬁﬂy,dsjaﬁf &6t hh e GHRRhI RhSmssai d radiating 30 el ement

ving a tapered shape with a narrow end connected to
a first end of said transmission |ine, and two

QR P SR BaRno e RS A trep R g TR et 42481 ea poin
Jusblyines inpavdifiahl theverhaped notch distal from said

first end of said transm ssion |ine wherein a broader
end of said v-shaped notch

Preferably, said signal feed point is located between said transmission line and said

ground element.

In a further independent aspect there is provided an antenna printed on a first dielectric
substrate comprising a radiating element and a transmission line printed on a front
surface of a first dielectric substrate, a ground element printed on a back surface of said
first dielectric substrate, and an RF shield superimposed on said front surface of said
first dielectric substrate and separated by a second dielectric substrate, said radiating
element having a tapered shape with a narrow end connected to a first end of said
transmission line, and two opposing edges of said radiating element contiguous to said
transmission line, said radiating element further having a v-shaped notch distal from

said first end of said transmission line wherein a broader end of said v-shaped notch
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WO 2007/144382 PCT/ EP2007/ 055842 6 having two
opposi ng ends contiguous to said opposing edges of

waaid/1s82 at i ng el ement  thereby form ng a twoPCT/EP2007/055842

symmetrical | obes which diverge with increasing
di stance from said first eng of said transm ssion
line, said opposing edges of said radiating el enent

haviddhevo Bgposhg éndplconitaduoty tofaié 61’)}5@ﬁﬂg0d$t@e§b0 Bgjd iridiating element
| ength thereby form ng a s| ow wave structure for

Seggha ORI p dgito wglra%ﬁ@ Iebso iy ésvergﬁr wftbﬁ%ﬁa,ﬁmgs%tﬁtdnce from

Qalricp wnd e%h%@fd r s 1111% said op?a &doiséil QﬁﬁH&delemem

el ement has a plura apart ffom

fatbbr baieg aqtluﬂatir}egﬁlsaratuom; ero‘mghs Iahgthgher’elsy tfamisg deslow wave
arnms. 10 PreLerabI urallty of slots is

)
%*amr? I Steyashionas 18ﬁ§%”§§€ 199 he. Preferably, said

ground el enent has a plurality of vial that
el ectrically connects said ground el enent through
Rrafedatfly rsid arednd @@@Tﬂlﬁ o gdnettllyi ‘€ shabed and enid gramidgleRrent has a

hield .15 th h i nai. id. _
S0ELE o 4Bt BRLEP I Bt ST SR P s §8hE i top sice
gererally "T shaped resenbling a top portion of said

1" shaped ground el enent. 20 Preferably, said
transm ssion |line has a second end connected to a

ff@ﬁ:@;ﬁh}/ hs%%%lﬁ%h([}; of s?#{? %:ﬁé%;ﬂgl {onau trfﬂsglns%ion ﬁh%r ef rom

n anot’her ‘e € above aspects, said
radlatlng elenent may be operable to forma
stantla ly u |rect|onal profile mhen ald nt enna

gwﬁm aent 3us 3 Jralify ot ¥igs 4h @ dipmgects said
@Bﬁ’ﬁﬁa eleh{bn@ tlflﬂd[lélh hidl AL RRN IEndAGPRE ! Qx%ﬁt‘?até S0 said RF shield

provided an antenna for use in ultra w deband
therehy firdeer rolsingtringimgrifeadaadienng ¢lsinagl, a | ani nar
di el ectric substrate, defining first and second
opposi ng pl anar surfaces and a connection point for

Bty St 8 FeihRdd id SdleraBld ‘TORAGRHI rORmMIinG & 0 portion of said I’
antenna, a transm ssion elenent fornmed on said first

heperhgrosnd ¢lament. t he transmi ssion el ement conprising a

radi ating el ement and a transm ssion |line providing

el ectrical connection between the radiating el ement
Bettrite eohnecdmiesiopdinBthas a second end connected to a signal feed point

supplying input signal therefrom.

In another embodiment of the above aspects, said radiating element may be operable to
form a substantially unidirectional profile when said antenna is deployed in close

proximity to a second ground plane.

In a further independent aspect there is provided an antenna for use in ultra wideband
communications, the antenna comprising: a laminar dielectric substrate, defining first
and second opposing planar surfaces and a connection point for establishing electrical
connection with the antenna, a transmission element formed on said first planar surface,
the transmission element comprising a radiating element and a transmission line
providing electrical connection between the radiating element and the connection point,

the radiating element being substantially tapered towards a narrow end thereof
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the radi ating el enent being substantially tapered
towards a narrow end thereof WO 2007/ 144382

weEan/ ERPBRD7/ 055842 7 connected with the transpCEBEPIINT/055842

line, the distal, w der end thereof having forned

therein a substantially v-shaped notch thereby

defining two | obes which diverge with increasing

chrsitand evitlt ahe Sﬂh@hﬁsﬁlaﬁSl[ﬂeS‘: shorlidtalnevidswheddeiter@ft iving formec

edges of said | obes have forned therein a luralit _

%‘FreéléﬁrsﬁP$t6‘HSa11ﬁ’oV shampdinpteh tBershudrdpngtwe lghes Wikghelverge witk

ﬁ‘kreﬁﬁ?? d%téglldg SFonf I8 $oandhlsin BhE Lwﬁeré edﬁ?é}tedgg&r Ml(pn)bes have

sal rst planar surface, substantially

ﬁmmeésﬂmmdl anglurajxty loé sexstemms tofinlghit ghréopragaigeri 86 signall waness at said

sai d ans ssion Jine haying,a eriymeter thereb .

QB a G Ao BT R G A & P 67, bstantially

¢drit8p &muﬁg RY rd€extéht GTRhANGANHAKRGUISLE said WedsHi®idMline having a

respect of said radiating el enent. 10 Preferably, said

@ﬁﬂmﬁi@f férsl@km ﬁtpamdslgasam gioand elpmeht gidotasd ypeseiesiaipling to provide
Ipa ar ave UI(?C struct rI {nrree uec?ofsapcf rea{iy?m e%l Ong Its two

7 ﬂbl 3’ et edges‘i%ere % suppreSS|nggresonance of

said radiating elenment, said two |ongitudinal edges of

sai d qround pl ane belng parallel to said transm ssion

Pricfrgably ssapl goapdslepnent Bysg Blugldy pheletscppgadrapatt from each other at

1p ggltap &ellvglsaal{)%%ﬁtgq&o laﬂéﬁ&%ﬂgﬁa%ﬁé&sﬁ@&ﬁoyts}ﬁﬁgﬁséﬁg resonance of

vi de acturing an an
sid tadiatmg, elaoemy sasd g lqugoudidalnglgas phshidigraugd gll@renrding parallel
and. a transn1ﬁS|on line on a first surface of a
QB A MIISIA IWCanar diel ectric substrate, and
providing a ground el ement on 20 a second surface of
said dielectric substrate, said radiating elenent is
Riefgpady.aeidaslots Aper @feshhlsagthbt h a narrow end connect ed
to a first end of said transmission line, and two
opposi ng edges of said radiating el ement contiguous to

Bad firtheAndepadehspdod ehers R plovidedlh ateii@d & refRMcturing an antenna
further having a v-shaped notch distal fromsaid first

%W@U’é% commising RRendiss aordiafipg clmeneppd & thneateiondig on a first
fa%@ Fa gu&%ﬁgﬁy g%h&ﬁh@@h’ﬂrﬁ%aﬁé’éﬁte ER@ g}d& %Iagtpﬁﬁlg element on

guous t
:elsecnmit surfaeé eifysafcbrimla@glca smmatesymrdeﬁamaaag diabas im/rsheﬂsbd as a

di verge with increasi g dlst géf %lrst en
(§PeTEd FEPPer Y g FREET AT PRSI ¢ Bish it gasofeion line, and
&8 &b oéi%gaehg&gofedammanhg letdifht PaMighBudio sqldmlshﬁéél&f line, said

serrations along its length thereby formng a sl ow
mdiagng tetanegnd rferther hayimgnhal vsshaped notch distal from said first end of said
transmission line wherein a broader end of said v-shaped notch having two opposing
ends contiguous to said opposing edges of said radiating element thereby forming a two
symmetrical lobes which diverge with increasing distance from said first end of said
transmission line, said opposing edges of said radiating element further having a

plurality of serrations along its length thereby forming a slow wave structure for signals

propagating along said edges.

The v-shaped notch may be extended into said radiating element with an apex angle less
than 90 degrees thereby substantially suppressing transverse signal modes of said

radiating element.
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propagati ng al ong said edges. 30 The v-shaped notch
may be extended into said radiating elenent with an

wapet/1agl e | ess than 90 degrees thereby subspemEPRDT/§S5842

suppressi ng transverse signal nodes of said radiating
el ement. WO 2007/144382 PCT/ ER2007/ 055842 8
Preferably, said plurality of "serrations are

| og- periodically shaped such that said radiating
el ement is operable over a wi de bandw dth of signw

Preéaldiicisaid MurHbyto! peiEationsiang lpgrecdpdieallyr siaged such that saic
faﬂ%‘tiﬂ%!ﬁ&lﬁteﬂqﬂ}era@e Ry &f §r\9ilal€)yban§@kﬁih R Usﬁ%l tfyqugnc'es without
serrations Is a rangeg fo enabl e an enhanced rate of
matthaih vie srverfgyid rodistiag oagestai d edge t hereby reduci ng
reflection signal travelling back along said edge. 10
Preferably, said serrations are fornmed such that each
BRI, 08ailll Plutadity WrMRE-aRYnst e arrRMlI S Oh EMMAnced rate of
serration edges. Preferably, said serration tipis

fadiajieel cagrganoss ming sefd @@e\né@rnbwsedanmgm@@ctima signal travelling back
%refet bly, said serrations are shaped such that

%8?%%%%8 i ng di mensi ons of successive serrations

i ncrease | og-periodically whereby the ratio of said
correspondi ng di nensions in respect of successive

Risfaraltly.orrd seatians strafermpdesiichethay pach soatation vl iseformed by the
&ﬁ&@ﬁ&g%h%%W%QEgmﬁﬁ{%gégons of sai d opposing edges are
ge a

arra symretric such that 20 one is the mrror

i mage of the other along a |line extending through the

radi ating. elenent  fromsaid transm ssion_|line and

Prstarghdly saigf srtion Bogelormest graaaaslept belyyegn dp oamh105°.

el enent has a plurality of slots spaced apart from

each other at irregular intervals along two

Prefigail yudiaitbderadgesart Beapeld susuthpt essdspendies dinansienobf successive

said 25 radiating elenent, said | ongitudinal edges of .
HRHOYY @awasephogrpé%fa@fﬂy wg?rgﬁw_/ Ui 150 £h ¢ Do s dgpensions
i 1BSyecFERLEERRL Y sert@ibfls RsWoRthloprQetedmPicd rR@Y alue.

different | engths.

Preferably, said serrations of said opposing edges are arranged symmetrically such that
one is the mirror image of the other along a line extending through the radiating element

from said transmission line and between said two edges.

Preferably, said ground element has a plurality of slots spaced apart from each other at
irregular intervals along two longitudinal edges thereby suppressing resonance of said
radiating element, said longitudinal edges of said ground plane being parallel to said

transmission line.
Preferably, said plurality of slots have different lengths.

Preferably, said transmission line has a second end connected to a signal feed point

supplying input signal therefrom.
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30 Preferably, said transm ssion Iine has a second end
connected to a signal feed point supplying input

waee@nakassher efrom WO 2007/ 144382 PCT/ EP2007/ OBGBRE200D055842

Preferably, said signal feed point is |ocated between

said transm ssion |line and sa'gd ground elenent. In a
further independent aspect thére is provided a nethod
Plefdrablyf 868 WidnaD fad @iheiRNBeatbd Peiwtes da@ntranshiisstdn line and saic
di el ectric substrate conprising: providing a radiating
glospgalemMgAl a transnission line printed on a first

surface of a substantially planar first dielectric
substrate, a ground el enent printed on a second

Bua fiather ofdepaiddnt dspadt titireisgabvided s ubshadad fanandmdurdny BFantenna
shi el d suFerinRosed on said front surface of said

Printed ogj e e hqleClds HERSITACECORMYISNge PEIVATIBY Apfpdiating clment and 2
FhuRhB&I S Find %Qﬁrftédabﬁ'a s uradd }FiN Qub%{a%HEIW pﬂﬁl‘éf F9stdielectric
tapered shape 10 with a narrow end connected to a
fubstsateengroohd skimgnt pramtsdros siserondisngaceapickatdnbrsb gistesirregsubstrate,

FaReng SR BlprRan SRy shidrl iRt S s feiBeF substrate and
fpiiaid 5y é’se_%BﬁcD@iéle@ﬁIcC&ﬁb&'ta‘ié,@hidfrﬁ@iﬁﬂiﬁgﬂ&l@mfeﬁtrtﬁlkfir%f‘@taﬁéred shape

said transm ssion |ine wherein a broader end of said _
vitk hapa@whetdcernnastchép & Westeppesistig tenasissiontlinguangstwa epposing
| P . g ' di at.i: | . her .
RSl P G e S bRl S B TR0, Y aciaing
¢laneeafitng eHveigneshipamaei disfal v end fieft eadiod said transmission

transm ssion _|ine, said opposinggfdges of said X
hingavhereing Wpadfssnd phrahrshired negrhhaying o appogipg ends contiguous
er.r i it s: 4 ‘h t 1 . | .
RELAFLARELINY g SO R ERSBETLDRG: 00 sy
letgewhich0diPergt evidbingreasiag dligarsa nfdore sewdefmtst esd génad dtdnymission

1" shaped and said ground el enent has .a lurality of
oo wiE SRRRI G sRe PF oTC S Elemapt (g s pltrality of
icttaBbNR! aforl GRY ldrfeth tRGCHY IBrme®- sidwe b kituctsdl dor signals
plurality of slots is parallel to said transm ssion
priopegatin@Blorgeshidredbesy, sai d ground el enent has a

plurality of vias that electrically connects said

ground el ement through said first and second

Phic®dr&61{ 1 da6d sl feddngent @ g@ethlIRFI’Sétiapédiand said ground element has a

plurality of slots spaced apart from each other at irregular intervals along its top side

arms.
Preferably, said plurality of slots is parallel to said transmission line.

Preferably, said ground element has a plurality of vias that electrically connects said
ground element through said first and second dielectric substrate to said RF shield

thereby further reducing ringing of said radiating element.

Preferably, said RF shield is generally ‘T’ shaped resembling a top portion of said ‘I’

shaped ground element.
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t hereby further reducing ringing of said radiating
el ement. 30 Preferably, said RF shield is generally

wO T007ahBped resenbling a top portion of said “PCT/EP2007/055842

shaped ground el enent. WD 2007/ 144382

PCT/ EP2007/ 055842 10 Prefer altg y, said transm ssion

line has a second end connected to a signal feed point
BiepphiyliyNghid mpHEmiSsignainet ierefdcond ehd Bohedctadiesc isfpihabfeed point
of the Drawi.ngs Enbodi ments of the present invention

WPl PR gEd rfEdwi t h ref erence to the

acconpanyi ng draw ngs, wherein: Figure 1 shows a pl ane
view of a front surface of an antenna in accordance

with a first 10 enbodi ment of the present invention;

ﬁﬁg@%@%ﬂ ew of a back surface of an

CHIAL ith a first enbodinment of the
Ph8s&Menisn¥e el fRsent Sntdndbh BviBl SEPWR esSHBR Wi@WeRlre@R to the
antenna in accordance with a first enbodi ment of the
pregpmynnd@ntingnwhelicgure 4 shows a plane view of a

front surface of an antenna in accordance with a

second enbodi ment of the present invention; 20 Figure
BigeROMBhoavsd plafe Vie@Vofof frantmedicSof iragRefa inncasitigtdavith a first
in accordance with a second enbodi nent of the present
eraReshinprp! U Rigret BIVERdS a si de view of an antenna in
accordance with a second enbodi nent of 25 the present

i nvention; Figure 7 shows a side view of an antenna in
Bigoer Ysinee aplahe aiewesfxobickesntfacd of freantpirasienccordance with a first
i nvention; 30 Figure 8. shows a plane view of an array

orb l@ﬁr&iéhqwe%f‘g%wa%% with an enbodi ment of the
present invention; WO 2007/144382 PCT/ EP2007/ 055842

Figure 3 shows a side view of an antenna in accordance with a first embodiment of the

present invention;

Figure 4 shows a plane view of a front surface of an antenna in accordance with a

second embodiment of the present invention;

Figure 5 shows a plane view of a back surface of an antenna in accordance with a

second embodiment of the present invention;

Figure 6 shows a side view of an antenna in accordance with a second embodiment of

the present invention;

Figure 7 shows a side view of an antenna in accordance with an embodiment of the

present invention;

Figure 8 shows a plane view of an array of antennas in accordance with an embodiment

of the present invention;



11 Figure 9 shows a side view of an array of antennas
i n accordance with an enbodi nent of the present

WO pwentd3en; Figure 10 shows a plane vi ew of anPEIERWNA055842
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in accordance with a third enbodinent of 5 the
present invention; Figure 11 ﬁhoms a side view of an
antenna in accordance with a third enbodi nent of the
Picesenthdwiventle ofew d0aDetray beshidescin pidoatandh evithraaseiiiodiment
invention will be described in further detail on the
B¢ BregentimEniPiached di agrans. 15 In the fol | owing
description, a nunber of specific details are
presented in order to provide a thorough
Eigder Kt gdisngplofic erboai avemttemafin hb@rgames enth a thveindmlamliment of
%} W |l be .apparent, however, to a person skilled in
RETSSFR IRYE %% hese specific details need not be
enpl oyed to practice the present invention. 20 Figures
1 to 3 showdifferent views of a planar antenna 10
gogucleshoors aside elieye of pie anisoiws try aacerdprcaywith|d thedbngrpdiment of
%gth iHs faces. The planar antenna is capabl e of being
PISEBE"V Y ansni ssi on and reception. Figure 1
shows a front surface of the planar antenna 10
conprising a radiating element 25 12 and a mcrostrip
feed line 19 printed on the dielectric substrate 14.
§§§1Q155§§¢F5P feed line 19 has a signal feed point
(and to receive) signal to and fromthe
Tledp@bém gnedn@ior ntill Bchéesoppak innfiirthiad dethil toneths i tgwial of fteedttached
goint of the mcrostrip feed line is connected to the
BEPAdi ating el enent 12. The radiating element 12 is
shaped as a segnent having two opposed sl ant edges
21, which diverge outwardly froman apex 16 of the
petpeeioilown® 2G07ptic 38 AuRET/ EPN0IC0E88U are] preFémted wp order to

@ggﬁg%ﬂ%&%ﬁg&@ﬁ gtrsq.p%gi%g{f \ré[er{l})ggimvgn%shofl t (e:rp?éas%llltnigvention. It will be
apparent, however, to a person skilled in the art that these specific details need not be

employed to practice the present invention.

Figures 1 to 3 show different views of a planar antenna 10 produced on a dielectric
substrate 14 metallised on both its faces. The planar antenna is capable of being utilised

in transmission and reception.

Figure 1 shows a front surface of the planar antenna 10 comprising a radiating element
12 and a microstrip feed line 19 printed on the dielectric substrate 14. The microstrip

feed line 19 has a signal feed point 15 to provide (and to receive) signal to and from the

radiating element.

The opposing end of the signal feed point of the microstrip feed line is connected to the
radiating element 12. The radiating element 12 is shaped as a segment having two

opposed slant edges 21, which diverge outwardly from an apex 16 of the segment.
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feed line 19 such that the radiating elenment 12 tapers
outwardly fromthe feed Iine 19. The radiating

we@b@nanss12 possesses two distal peripheral edPpeBEPDA7/055842

and 13) which respectively bridge the term na

out ernost ends of the two op g§ed sl ant edges 21 and

5 formthe curved outernost peéeripheries of the

Tiadivad bpgosell emmntdded. 2 1Theergadiiét imderasing I’ﬁi’:ﬂ&nckardﬂﬂShé Yicrostrip
correspondlngégerles of serrations 17 each forne

{pd e 19 suels pat thaedigeg sfemenk 14 iipespprvadls fram thé degksline 19.
f Iven
il ERSCORREh 00 Rl RSB LSy, SHER AR 15 which
ms;tacheﬁy bridgd Ghonetraimakodtemabst Bmd}s dﬂThe nad iopposad skiheadyes 21 and
é on1th res ectlv?wﬁla Each _tapering
Bndhe Shvcheeh BHBEPHPE tb 1@3 AFPEL A nat e
within the radiating elenment 12 at a right-angl ed
apex 18. Each such serration, and the series of
Bler reaiiatmgselqrﬁemolz bast tmbv’rGSpo@ﬁeguserfaess¢fowm0® 171 %Bach formed

str.ucture al 0 al ong,t | ant

bt Bk S Py8 o f AF oREGDREELSAE: As0E & Wl s given
defigs oF aBirat@h@eis 2dréd bp% pad loatshé@sﬁ{/@ﬁﬁgmarl?cap&mg) notches 18
provided with a neander which slows down the progress

which exiegddntondeaadiptng elemeyt A2 dign tireraspeptitve stpge edger 21.  Each
t-ggérﬁqlg Hof hllla%vﬁﬁ }l?y dg&n%\;}{lé’iﬂ Qb éJ‘ % S[Erglﬂﬂ{item@\fﬁmt fe radiating
pr ogress al ong Re nger ering slan

MahhﬂnZHMam@homgﬂagmﬁsa8dlrectly al ong a shorter

linear slant edge. 20 As a result, the radiating

el enent i s operable over a wi de bandw dth of signa
Pﬁarc‘ﬁoslﬂl@ﬂ%bﬁﬁldﬁ tan@tﬂltle (0038 Qﬁ%bﬂ&l&ﬂngwﬁhﬁ@él%sﬁr@§enpfa slow-wave
the radiating el ement 12. The neanders of e sl ant
soigtir 1o arsgrsh apmagammlvmthet dhant @dga@ﬂorEssénttaﬂg, the slow-wave

nt enn b educi n e
FRERSRoria Btk Soon e ol bE e BRE g poayided with o
Begel whRAGHWIIdWEhE %Pd@ré\s@'ofﬁ@%ﬂﬁl \%\Fectbblv‘é)lm%rh%r%fthé Biént edge
sl ant edge 21 where signal reflection tends to occur,

ihi d hkfeiSn@cmetV@démp@r@trm@r& theesignalitwasie, oTPrOLEsY atemgrthe longer
r%?ande 31%9{ g}ltgel} 811 t%ni"? % grjogTes? dgééfﬁfna%&% Qqc];rfeﬁthggar Yfant edge.

ore ner
Aelativa, n‘H@I’thdluﬁhﬁg @[en@ensllll’mierdbﬁl!@@%ﬂgi thide thandwidel of signal
out er edge of the slant _edge (i relative to the

ﬁ’i“é’g‘ﬁp‘fl%\éﬂtb‘?mt"?ﬁ?a%ggtﬁ%l’hﬁfcaﬂ pige B%‘&P patidtpeTenen 1%1 ant
edge) is

The meanders of the slant edge 21 are shaped such that the Q-factor of the antenna is
minimised thereby reducing aperture clutter by reducing the relative magnitude of a
signal reaching the terminal (open circuit) end of the slant edge 21 where signal
reflection tends to occur, this being the source aperture clutter. The Q-factor of the

radiating element 12 is given as:

stored energy

Q factor «
rate of energy loss

Thus, the relative magnitude of a signal reaching the terminal outer edge of the slant

edge (i.e. relative to the magnitude of that signal at the beginning of the slant edge) is
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WO 2007/ 144382 PCT/ EP2007/ 055842 13 sensitively
dependent upon the rate of |oss of energy fromthe

W@ e@nakadsuri ng propagatior along the slant edPer/EB007/055842

sui tably shaping the nmeanders of the slow wave

structure, the present |nvenj on may enhance the rate

of radiative energy |oss of the propagating signal as
éeﬁasmwelgrdegﬁe&nathghé ke 61 RBS o gyt fi@h ehysiged ldiohﬂg propagatior
a erture clutter. Successive serrations of eac

%@Pg the shnt sdgg. aBY éw&b&x ghapiigbg Megnilste pE e wr “@Vﬁ gtructure, the

émgé'?ﬁ 'ﬁ{@e BH Il:l chh4nc€ Qhé] Bats & @Hfaﬂ@é eh@rggr |0ng oP &l A gg)gagatmg

nner . e serrations In a given Ies
Slgm'ahamtsplnwessesl alotile stanangdeahtrbley coovmog aptrape clustea
strai ght-edged serration wth tw tapering edges
extending fromthe body of the radiating elenent 12 at
ik cBYsRdALTb Sk BB LET AT L ARG Bthpad td NRIERS irngze relative
di stance fromthe body of the radiating elenent 12 to
ta thepreceding sqrgﬁrpnanmj%afpeged MEnnen Ehup, tbe sapationd 81 a given series

successi ve serratign ven ser| of serr.

R GoottS TR bR - Bug e e Fants ERFAR ARG germation

Whe thedypefing Regéadkehding Rden@Btbolis ét tHeheadsai® element 12 at
predeterm ned 15 angles_as occurs_ in respect of the

I@l@‘é’%ﬂmﬂeq [ABEIEY SRl dFOMYCIEISr at insreasmet fistages ifiom thggody of the

@ ﬁﬁng%}ﬁ%gﬁz ﬂbt i]%nﬁ ngﬂﬁs ][hgguﬁlﬂxr se%%%é‘h P aﬁ&ef% 18.

tio o engt e two ering edges of
any given serration is shared by all serratlons in the
éane series since all serrations in a iven series

FRAFEFSHNG SERMPTG Bnd ey erstraise Of IBWeHASK, 1 TdBRsSESs iggtapering edges

WEich Qe 86Al e ’thé B&iy SNAE BRiding @ﬁa%e%@?Z hihE GERE p@ﬂel%rmmed
predeterm ned scal ing value such 20 that the ratio of

anghsas ar¢wn Heldag]eedt eﬁ@ne lededs of the prsnedseg seatation oftie sehies, and also

G GRERAC R, ST Rt 08 ARG LR BREE, o e o

@pdrirUsddeNef SHbavE dragieh idHaRASHy ﬁUédrﬁﬁbH@fnethe @{&ﬁ@ series since
series of serrations 17 is arranged such that the

Al streations ervweisen sties sharel e samerecafrat Keargpelowevasf due to log-
I%etx]%dfces%%ﬁlg#, ﬂ?é; lﬁé@tﬁs i s@NeQﬁlc?éa‘é‘éTE% g’&ie?e%n}e %cal gyvalue such

ocati o serration | ncreas
thst thaeateneousdrerisn sdmkﬁgﬂh\/ﬂ aS@VdfrﬁidrﬂnSn @ﬁd &1egiovlel§pondmg edge
ser The result is that the ratio of the aforesaid

lasl@b Al sucseqRagsRrliondias ASOHBBUN PIRCTTENAE 434Q valyie shared by
AL R LERABouriy £AYRInst © @ constant predetermned ratio
val ue

Furthermore, each series of serrations 17 is arranged such that the distance between the
location of the apex 16 of the segment of the radiating element 12 and the location of
the serration increase log-periodically as one encounters successive serrations of a given
series. The result i1s that the ratio of the aforesaid distance, as between two
neighbouring (successive) serrations, 1s equal to a constant predetermined ratio value
shared by all such neighbouring serrations. The location of the serration may be
considered to be the location of the apex 18 of the tip of the serration in question, for

example.
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shared by all such nei ghbouring serrations. The
| ocation of the serration may be 30 considered to be

wo b@7hesst i on of the apex 18 of the tip of thePCT/EP2007/055842

serration in question, for exanple. WO 2007/144382

PCT/ EP2007/ 055842 14 The plaﬂgr antenna 10 al so

i ncl udes a ground plane 27 printed on a back surface

Ohe phatar pli@mar Oadieinomddda gouat plumei2T gringed én 2 badknsurface of the
order to design an antenna which is capabl e of
Bigaanishga 40 af shewh wd 88kidwi dth, 5 bi asi ng and

i npedance effects of the associ ated DC networ ks nust

be considered from an RF or m crowave perspective. DC

bi aslendp dehigreviedinfenomvttheh ssepolble RF apeciteg @ved a wide bandwidth.

esistors is effective.only if t chokes are .
iEPag e anpoafcrftir o CatsasiH HE TopLgan dHebe coppiered from
bf rREFNE Gl RAtYARStRE. IDCBELRARICRNilES rdiAMRE @s@BHRF chokes and
capacitance do not limt the ability of the circuit
[e@stoegp@mjfebﬁmdmb@nﬁ_thq_@htm@ g}feogﬁ@lct)‘yle@h@nquen circuit with nc
FRT G U B 3 2B EL Bl Bpscance o o

limnghd adiinalf tedgesitas réspyed Biockd BA@Nt | engt hs 26 and
are spaced fromeach other at irregular intervals. In
this configuration, the slots are essentially series

' t ' . BF t -
EHEBRSR AL R0 5 S LRt B s
28. eiheadlotar2 Sadlbeg tiat longitpdiagiagdgan @ rirnace chfi¢regulcatthor26 and are

50 cording to the present inyvention. As _shown i
ma@%ﬂ? o1 cpefp OB At EeBUIAR dntERYALSt | 5&‘?1&';15 ?Oélgltgﬁ%‘g%gle slots are

{RE Y &LieHInRlLIROhRA AL G YD HPRKLIA kY altBR1a%2 ARy @%iwanted
the cofresponding 20 features of the radiating

gketent 12 illustrated in Figure 1. As shown in Figure
5, the configuration of the ground plane 61 is
different fromthe configuration of the ground pl ane

RibusB oy b Rhéw Qlifferedt vidWe of ke Undmatidnpla@dr fasnmnconfikiration 50
shaped configuration. The RF chokes are distributed

aicorgng teethe gpesgpipiaveions AF sipsv eFigyre 4 fpeticgire and functional
B0, L4l el S8 eSSl 8] 8436 % B0 coprmman
fehrirsl ddtilse RAdiasingelenient B2 glseat2d in Figuretlhey functi on as

an

As shown in Figure 5, the configuration of the ground plane 61 is different from the
configuration of the ground plane 27 shown in Figure 1. The ground plane 61 has an
“I” shaped configuration. The RF chokes are distributed along the top upper arms of
the “I”” shaped ground plane. The functional features of the slots 62 in Figure 5 are the
same as the functional features of the slots 25 shown in Figure 2, i.e. they function as an
RF choke. In addition, the antenna 50 in Figure 4 to 6 also includes an RF shield 53
which is located above the microstrip feed line 52. The RF shield is printed on a front
surface of a second dielectric substrate 66. The RF shield 53 located on the top surface

is electrically connected with the ground plane 61 through a plurality of vias 65 which

extend through the substrate 51 and substrate 66.
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RF choke. In addition, the antenna 50 in Figure 4 to 6
al so includes an RF shield 53 which is | ocated above
wo b@7miassnstrip feed line 52. The RF shiel d i sPEI/EP10eT055842
on a front surface of a second dielectric substrate
66. The RF shield 53 | ocated %n the top surface 30 is
electrically connected with t'he ground pl ane 61
THY Su@hhadilpistrh@l it Figkesvi ®S6 8d WueRd 10exierdart Mo@HPirectional”
the substrate 51 and substrate 66. WD 2007/ 144382
Eppote n8bgn gzimpthat Hsedion i riadiatiqn. Jls hpsbess fpynd that the 140
RGBS T80 BEh S BPR Hep IR KOtk o6 00 degrecs topapout +80
ctélgfeectr‘ehnvefto rtheli paiksition. oﬂ thehg®uhé grtarfeou dtke t dnddnnbhedibte® omni-
Dis8irage bout & amu KAl is g EeS TERaRa Beepigh CRpadeTt with it
RBRIliANQ. the ground plane. The antenna radiates
omi 5 directionally about its geonetrical axis,
havi ng a I|near polarlsatlon coincident with its

eone cal .. res 7.s t he .si de view a :

RGEEY ShES B v PR ade R Sphy R GRG0 3 being
AahaDReh Wi sbbord ﬁ@@rﬂﬂﬁaﬂé 93INAgiih ARe sBctuddAd Tundtidgal features of
structure and functional features of 10 the radiating

th¢ ediainggenaend 84 ase selrstantinlly therrems adhagorrgsponding features of the
rr.es t . e 2 d

régla{ul? %P?h F q% a%% %{ glﬁursge}fa gﬁ(}{l%ﬂjr gsgcg t6 {5:@ m/eil% Psecond

Geganplang 8O Ubhhs pharaegesmjcehni@ohheo ety groditd (pdmlbl Quintkpral to the

to the ground plane 84 integral to the _antenn

aélfqnuetswaus?of%%ﬁad 1%a%ﬁrrgéﬁd@&Xfeades}eP%ﬂal%lum%ﬁ@wahrv from the
I Yeuf I I

TELPEQRL R Aot P e Lgohghe f A URORP i o

anglceinlthe qire @t exarhple. prFlesswbné eaoypldeplaid esssmttdlydfunctions as a

ground pl ane essentlally functions refl ector
rSUHOT ik e &AERIA it SnFEHTBL and Radietad PagrRt @St signal

JeQhiottHe ?acE Q@ayc' 'ﬁ%ﬁf”‘ﬂhe sURNE ot pidde, Space away from

e second ground plane. The pers n skilled in the art
wi || appreciate the above described antennas can al so

20 arr ed as anar .antenna aryray., Figure 8
o Gt G v L e 82 BorRyE i altioypm ato oe
AFn2¥d 8PQAVRafarCHTHRA HFa9UNEigHHca®ahks tid abteRsa dPudide b being
show dj fferent views of "an alternative planar antenna

asngedurantdren 2ove 2 eenoedigrynd plank@lpresent i nventi on.
As shown in Figure 10, the structure and functi onal

Figures 10 to 11 show different views of an alternative planar antenna configuration 100
according to the present invention. As shown in Figure 10, the structure and functional
features of the radiating element 102 are substantially the same as the corresponding

features of the radiating element 12 and 54 illustrated in Figure 3 and 6 respectively.

As shown in Figure 10, the ground plane 117 of the antenna 100 is formed on the same
surface as the radiating element 102. The ground plane 117 is separated from
transmission line 109 and the feed point 105 by the substrate 104 around the perimeter
121 of said transmission line 109 and feed point 105 thereby forming a coplanar
waveguide structure. The ground plane 117 comprises a piurality of siots 115 along its

two longitudinal edges 118. The slots 115 along the longitudinal edges 118 have
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substantially the sane as the correspondi ng features

w@boorhet3sadi ati ng el ement 12 and 54 il | ustrat eBICT/RP2007/055842
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Figure 3 and 6 respectively. As shown in Figure 10,
the ground plane 117 of the ant enna 100 is fornmed on
the sane surface as the radiating el ement 102. The
arernd 1 ARe 114 andSasegacat e@nf rcafh o8Qrt diaReFussiiMRrvals. The
line 109 and the feed point 105 by the substrate 104
fneiimg! fareurpeed thetstats 1D inoFiggesi ) are dhes pana pothe | fuprdiopglofeatures
f i L05.. [.e 1 .NGQ I

05728 R ANEHERE B TR SRR ks o iquae ny
plvinddd dignadf. sl ots 115 along its two |ongitudina
edges 118. The slots 115 along the | ongitudi nal edges
118 have WO 2007/ 144382 PCT/ EP2007/ 055842 16
il f S AR iGN Fa D Sin L aﬁtrd$?1% q?a%peﬁp;% Lfe@ﬁs%asn iQtD8hed on one
at irregular intervals. e unctiona eat ures of
dubfacs lobtthe Kidedtric Bubsirate. 10tas ellowe sseaee awuhheomponents for the
functional .features of t slots 25 shown .i.n. Fi gur
3556t ORISR ETOBR A o PR B AL Eh g yly useful
fappanie BCIAA] spplisatitss configuration has an
advantage in that all the netallisation is formed on
one surface of the dielectric substrate. This all ows

ur f ace nmount. conponents for the, associ at Ci [:Lr
Tt BN R TR ERTPRL S, Sable, S Spe BR AR A RER o LhBMlibEY:s, may
Ravide aHludtrd Yideseidl(UWBY el E¥tMal AnBlic tagudscapidlstcd@drifoingpplications
10 Thus, the present invention, for exanple, as shown
innshoRe raBe\CO BRI BeAtIPER 28d/ Ofdpsitigpingi steals- ulThg gnvention may be

1%&?&%%%?{?111( Mé\%m? h? g Moﬁlgﬁgg %Bf.eﬁnei fﬂém%bwaﬁlﬂg ¢l Y&H for a balun

cations I1n's range conmuni cations and/ or
Wik ithd onérmg csrysiteslheTaneennaverirdiop torthe fdreseni mykemennedy of its

in the form of _a nonopol e antenna ere obviatin
oot e BT DI Oh DERE SHHGI S L 5 B @ portabe
ihRi@ntssaaccording to the present invention in any

of Its enbodi nent has the inportant benefit of being

sufficiently small for use as a portable inpulse

%r n?rgsllﬁ\é %Oalogﬁlrgt %&fgélg}él%t%frlllcg}l\?rg ?al%lgﬁrdllan%t {I%Fglaespr%gerny %V%ngn in its
first aspect display up to a decade of bandwidth, have reduced aperture clutter with

moderate signal loss and have relatively small physical size.

The antennas illustrated in Figures 1 to 3 and Figures 4 to 6 are “omni-directional”
being unlimited in their azimuthal direction of radiation. It has been found that the 140
degrees (10 dB) elevation beamwidth extends from about —60 degrees to about +80

degrees relative to the position of the ground plane.

The planar structure of the antenna is also easy to manufacture in large volumes.
Furthermore, the associated electronics components of a PCMCIA PC card can be
incorporated on the same substrate as the planar structure of the antenna. This is also
useful in other applications, especially for antennas that are integrated on a user’s

clothing.



20 first aspect display up to a decade of bandw dth,
have reduced aperture clutter with noderate signa

wo omg/ 184362 have rel atively small physical size.PdhEP2007/055842
antennas illustrated in Figures 1 to 3 and Figures 4
to 6 are "omi-directional” Pﬁlng unlimted in their
azimuthal direction of radiation. It has been found
khaill bdhapprdbiated Hyde@eeos otdifarg Bkile e viat amnhitetamm\@khhon can be
extends from about -60 degrees to about +80 . de

erabogi¢d/@ qtbertsnémﬁéﬁtmsowtwt fiﬁ@r‘g‘? o ﬂﬁﬁ St OPTfﬁéenm‘1 character
t@l%x%g?r'ﬂ %}ﬁ*é’s‘é}lﬁw ?139{05&{13]1@6&&@&9 LSmplefte %&%Ydér@d in all respects to
manur acture 1 [ arge vol unes urt er nor e,

l&s sihostratied aeﬂeajtrmstrlcsva: oﬂmosmpbsoﬁ)fheaxrﬂ@h@m@@chem@ﬂ by the

can 30 incorporated_on the sane .subst e, as )
fgﬂpgﬁ%d ¢lp }ngﬁchﬁlileé an dhes forpgqing, descyiptian,; %ndrai?]i Shiges lﬂ/ehlch come

WIhiat 8T maRRhE Al QRS o?%ﬂﬁﬁhf@hisﬂh@%f aRt enBakdt RAbe embraced
are integrated on a user's hi ng. WO 2007/ 144382
tREIEIrEP2007/ 055842 17 It mnll be appreci ated by those
of ordinary skill in the art that the invention can be
enbodied in other specific fornms wi thout departing
fromthe spirit or essential character thereof. The
presently disclosed enbodi nents are therefore
considered in all respects to be illustrative and not
restrictive. The scope of the invention is indicated
by the 5 appended clains rather than the foregoing
description, and all changes which cone wthin the
meani ng and range of equivalents thereof are intended
to be enbraced therein. WD 2007/ 144382

PCT/ EP2007/ 055842 18 CLAIMS: 1. An antenna for use
in ultra w deband comuni cations, the antenna
conprising: 5 a lamnar dielectric substrate, defining
first and second opposing planar surfaces and a
connection point for establishing electrica

connection wth the antenna;
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a transm ssion elenent fornmed on said first planar
surface, the transm ssion elenent conprising a

wo ati7at43ey el enent and a transmi ssion 10 | i nePCT/EP2007/055842

provi ding el ectrical connection between the radiating
el ement and the connection poﬁyt, the radi ating

el ement being substantially tapered towards a narrow
epdiver eof connected with the transnmission line, the
distal, wider end thereof having fornmed therein a
substantially v-shaped notch thereby defining two

| ojes Whi,eN, 8T 8 Whd M DRECITAAGNGT SHARGRIARE! G antenna
said transmssion l'ine, wherein outer edges of sai

| obes havmprikiogmed therein a plurality of serrations

to inhibit propagatjon of signal . waves at, said outer

edges; and® ETBPHUNEIBTEBRETo AT sy ceRhgpposing planar
planar sur {afes LAP OERMELionhGHPRr BEAMGNSINUIEGHEH dofincction
sai d connection point to provide a ground 0 plane in
respect of wehitlte adetinat i ng el enent. 2. An antenna in
accordance wth claim wher.ei n .sai d v-shaped notch
oxtends | hi BB PhciaET g ‘e Efen? eﬁliihEEE_ Bigay surface, the
angl e | essyrifiafissih SegefeontRiRY radsns teitidn@lahy a transmission
suppressing transverse signal nodes of said radiating

el ement. 1% provahinggleetiisal Fonngelewy biiween viict radiptipg element and

precedi ng gl ai r ei. i g s ' e :
Pog- per 1 adie amecBEuRiR, AB,PaBERE BahiE heler upapiialy twpered

el ement i stospetsabh@roww\ead thervd U@nhaneiwdithhthe firagsgissibn line, the
frequenci es. wi thout increasing size of said radiati

L1 Ng
el ement. 3¢sial. Wderdelhprgol havars Srrensf ceerginghsubgipntially v-shaped
precedi ng I‘f(ltall er%?gﬁ?&é@gﬁoﬁ&r@BEﬁ gﬂf%rgea\{/ﬁh frﬁ?éﬁ@ﬂg distance

to enabl e an enha radi ati ve ehergy 'toss

al ong sai dfromdgped ttteeselyyion elihec iwlgreinf dutat edges sifgsead lobes have
travel | i ng.back al ong sai d. edge. WD 2007/.144382 : :
b EP200FORES 4o BraA G Simaitons 10 ALt amegeign of sienel

any precediyRgesGt diouidhedRkngai d serrations
a ground element formed on said second planar surface, the ground
element being connected to said connection point to provide a ground

plane in respect of said radiating element.

2. An antenna in accordance with claim 1, wherein said v-shaped notch extends
into said radiating element with an apex angle less than 90 degrees thereby

substantially suppressing transverse signal modes of said radiating element.

3. An antenna in accordance with any preceding claim, wherein said serrations
are log-periodically distributed such that said radiating element is operable
over a wide bandwidth of signal frequencies without increasing size of said

radiating element.

4. An antenna in accordance with any preceding claim, wherein said serrations
are formed to enable an enhanced rate of radiative energy loss along said

edge thereby reducing reflection signal travelling back along said edge.
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are formed such that each serration tip is fornmed by
t he convergence of two serration edges. 5 6. An

wapioennasi n accordance with claimb5b5, wherei n SeCTEP2007/055842

convergence of said two serration edges is fornmed at

an angl e of between approxinaﬂﬁly 75 and 105. 10 7.

An antenna in accordance wth any preceding claim

wherein said serrations are distributed such that
correspondi ng di nensi ons of successive serrations . ,

i nSr eas e\l FYCHWINFAFAEMICSS WiHbRBORceHEng dpiny Voterggsgid serrations

cor espandi i i IBHLO0RN LAl EEAPR! Ao PHE ARSI Eragnce of two
ne e

serrations has constant predeter ratio val ue. 715

S. An antedaita dédgeaccor dance with any precedi ng cl aim
wherein said serrations of said opposing edges are
arranged symetrically such that one is the mrror

i mgge ofait BBl acRbRIBcAWith NGaifXs CRHERS: {dM CHBRridABe of said
radiating elenent fromsaid transm ssion [ine an

bet ween twaiscritwn @gges. foficdat admnglet diheay¢an appoonimatelye’5° and
with any preceding claim wherein said ground elenent

has a pﬂQEaIity of slots spaced apart from each ot her

at irregular intervals along its two |ongitudina

edges thereby suppressing resonance of said radiating

el gorent Arsaitehrtavin akandartca dvithednygorgerslingf clgiai, dvigronnald serrations

pl ane being par Ileh to said transpi ssi.on |ine. 25 :
20, An A QRAIDUIS 4R SRl LREESTRPEREAIRRTINS Qi uickssive serrations
sai d sl Qﬁc?eeﬁ@‘l’ﬁg—ﬂérfcfd%aﬂ?twhek&)@'gll:xé"?a{ioJo¥ sai&'&pﬁf%p%ﬁﬂ‘i%giéignensions

accordance with any preceding claim wherein said

t ransni ssiespedtiofisudeessive sseeiond henconstmhpretieldmiped eatig value.
connection point supplying input signal therefrom WO
2007/144382 PCT/ EP2007/055842 20 12. An antenna in
ac®or dangambdi ifiladtdRidnbe WiiLdrBi precedinth €19IRH) &eter@i said serrations
olnt Is
P of said opposing edges are arranged symmetrically such that one is the
mirror image of the other along a line extending through the radiating

element from said transmission line and between said two edges.

9. An antenna in accordance with any preceding claim, wherein said ground
element has a plurality of slots spaced apart from each other at irregular
intervals along its two longitudinal edges thereby suppressing resonance of
said radiating element, said two longitudinal edges of said ground plane

being parallel to said transmission line.

10. An antenna in accordance with claim 9, wherein said slots have different
lengths.
11. An antenna in accordance with any preceding claim, wherein said

transmission line has a second end connected to said connection point

supplying input signal therefrom.
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| ocated between said transm ssion |line and said ground
el enent. 13. An antenna for use in ultra w deband

wa@ens3gat i ons, the antenna 5 conprising: a PEIYEPRNT/055842

di el ectric substrate, defining first and second

opposi ng pl anar surfaces am}Oa connection point for
establishing electrical connéction wth the antenna;

a fpansmns&it@hachemesrdaicer wikl ctiimsil, dviferdis tsaidl @naéction point is
surface, the 10 transm ssion el enment conprising a

radi at i FeEH&TRRENAAd EENENISHORTES At saifl gring el ng

el ectrical connection between the radiating el enent

and the connection point, the radiating el enent being
sulb3t antAinalahtenh@pfer edse tiowaltrds wadeband cvwnenehitdimneofthe antenna
connected w.th the transmssion |ine, the distal,

wi der ef¥"PH8P&of having formed therein a

subst anti af JahiNarshar&dc %519@1%@{3 Retias ey AR deBdii0ofpMing planar

| obes which diverge with increasing distance from

sai d transwifeeisomnd hreennegtien epaintoer eastabligfng @lectigal connection
| obes havew. f rmege therein a plurality of serrations
to inhibit 1&?@‘65‘8 1N of si gnal waves at said outer

edges; a of QuREmMESRAERIenfadt MREmed 6@i shidefRnplphanalirface, the
surface, the ground 20 el enent being connected to

sai d conndEANSEHIFSIon; Bemens CORBUFAE aragiabngglensnipard p fransmission
respect of;. saj i at e n g .

| am nar dilé 2@??’{% %é@ rgzzlalt éeofﬁﬁge\(‘olmnl ngeﬁﬁl(régﬁglngng clement and
fourth oppbsicognecpbampaintsthefradietng skndnt beind spbstadtially tapered
surface bei ng superinpos on said fjirs lanar . . .
surface; 28WVArds gnfEdy \?’é‘nge ‘??ér?f)mf‘?ﬁteﬁjeﬁ“% ﬁges HpRFOfigien Hne, the

pl anar surfage wiliend RIS RNBBEE MerdlfiaNGibstantially v-shaped
connected to said ground element to provide an RF

shi el d i n negpehetcbyfdeBaing twp dolsivds¢lodiveigaevith increaging distance
antenna in, accor(g?nce W.th . cl ejn s

aim 13, wherej id.
ground el aF b e HRR ey yhefett i ees 47 gjdy lobes have
ground el e@BAtd Naseid applufatity by s@fatishOt irhiiE pebpagfitof signal
fromeach other at irregular intervals along its top
si de ar ns.waves at said outer edges;
a ground element formed on said second planar surface, the ground
element being connected to said connection point to provide a ground
plane in respect of said radiating element; and
a second laminar dielectric substrate, defining third and fourth opposing
planar surfaces; said third planar surface being superimposed on said
first planar surface;
a conductive element formed on said fourth planar surface, the

conductive element being connected to said ground element to provide

an RF shield in respect of said transmission line.

14. An antenna in accordance with claim 13, wherein said ground element is
generally ‘I” shaped and said ground element has a plurality of slots spaced

apart from each other at irregular intervals along its top side arms.
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WD 2007/ 144382 PCT/ EP2007/ 055842 21 15. An antenna in
accordance with claim 14, wherein said slots are

w@200alkeb2to said transm ssion line. 16. An aPCERPR0T/055842

accordance with any one of clains 13 to 15, wherein
said 5 ground el enent has a&ﬂlurallty of vias that
electrically connect said gr el ement through said
finst anth see@adinl REbidancedwrh @Glimi Lt, SEHesdin abid d16s 98 Parallel to
conducting el enent thereby further redu0|ng ringi ng of

sai d radwgﬂmﬁgnmépé#@ﬁt 10 17. An antenna in

accordance with any one of clains 13 to 16, wherein
said conducting elenment is generally "T° shaped

reseéenbl iAHgalaeIﬁrmpinpmfcb'rdaﬂc@f«vitﬁadrﬂr onel 6f slhaped3 go ddndherein said
el ement antenna in accordaqle with claim13,
wher ei n gg%ﬂ& @tl?“é‘ﬁgrha%él RivFafind Has thay slegirically peprighisaid ground
connect eflnfeRt b 199518%%! R RQIoAL 18MARk ﬂlagcthpg%strate to said
si gnal therefron% 19. antenna in accordance wt

any pr eceaiuegng| faérrn:ntv\kl”@r@yn figtied reddiing i rlmg:gmglca“rremd radiating
IS oper a | e %o forma substantially unidirectional

profile® ffsaid 20 antenna is deployed in close
proximty to a second ground plane. 20. An antenna for

use in ultra wi deband comuni cations, the antenna o
conpr i sifmgantentiagiii graprdgned wethrany &igbeft ¢lames, 1314 i1Ai wierein said
first an I d

connect L OEETRE RRRe BRI R paBRL BB R pdhion of sad
connect roRhapatitdiodndel@ndenna; a transm ssion el enent
formed on said first planar surface, the transm ssion

el enent conprising a radiating elenment and a

tr Qgsm %ﬁ)h enn iR G R&: cg'\&ngl 851‘?1{355 '\9 reifl %QfaetFMsqulss1on line has

bet ween e radi ating el enent and e connecti on
poi nt, ahﬂmmaﬂmadumgn@ﬁ@hﬁnsmbeumgaSmMSWantanﬂyng1nmﬂ signal
t apered rds a narrow end thereof connected with

t he traﬂgﬁ?§§?on l'ine, the

19. An antenna in accordance with any preceding claim, wherein said radiating
element is operable to form a substantially unidirectional profile when said

antenna is deployed in close proximity to a second ground plane.

20. An antenna for use In ultra wideband communications, the antenna
comprising:

a laminar dielectric substrate, defining first and second opposing planar
surfaces and a connection point for establishing electrical connection
with the antenna;
a transmission element formed on said first planar surface, the
transmission element comprising a radiating element and a transmission
line providing electrical connection between the radiating element and
the connection point, the radiating element being substantially tapered
towards a narrow end thereof connected with the transmission line, the
distal, wider end thereof having formed therein a substantially v-shaped

notch thereby defining two lobes which diverge with increasing distance
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distal, wider end thereof having fornmed therein a
substantially v-shaped notch thereby defining two

WO olweg4488i ch di verge with increasing di stance REI/EP2007/055842

2007/ 144382 PCT/ EP2007/ 055842 22 fromsaid
transm ssion |ine, wherein oug.er edges of said | obes
have forned therein a plural |2ty of serrations to

i nhi bit proapagadii afinehissiognihe, WRreis @lterSadghbsOolt &fid lobes have
edges; and _a ground el enent fornmed on said first )
pl anar sur foamed tagipgtaptoraity pf sgrretions de pobit mgoragati¢ieof signal

extent of \%4]&1 & gg@gméga%g;r%@ne, said transni ssi on

line having a perineter t y separating said ground
el ement angd gaud ectenamsnfbsstdon| saie first plamar derface, substantially
copl anar wavegui de struycture iE rﬁs ect .of sai

A

d. .
radiating ERRNANGE PE X Q ISRIS§I8 i eariid transmission

with clai ;g0 Whies ebimeRt theltURFarlifIBRY A%d@lement and said
plurality of slots Spaced apart from each Ot her at

i rregul ar frasenssairslizd torpgovids a coplendrovayiepuide saicterga sespect of
t hereby su essi.n esonance of said radiating

el enent , s%%raa%IHES[?&ef]Edi nal edges of said ground

pl ane being parallel to said transmssion line. 15

22. An antenna in accordance with claim 21, wherein
saild- sl dynsarfigiye iajasfasdarse Withegigjha0, vamrein spidtgieundoflement has a

maki ng | SN, : Vi di .
g SRS S 9 FBE RGNt i
second twpploaginglimpdl ages sherkbe eapmoshinge cesongeiei of said radiating
point for establishing .electrical_ connection with the

ant ennaSlenhisAy Wq E&Hg‘ﬁélg%lieéﬁe%i’%??é%ﬁr%d%@@ heipgsparallel to

pl anar suinfiR6Eniskidg inkr ansm ssion el enent conprising a
radi ati ng el enment and a transmission 25 line

provi ding el ectrical connection between the radiating

el nt .and .t he connecti on i nt he .radi ati,n )
el nt @e?ﬂ?%ﬁ%ﬁ@?%q VR]? g[}él?ie%l, whereln said s%ts have different
lengths.

23. A method of making an antenna structure, comprising:

providing a laminar dielectric substrate, defining first and second
opposing planar surfaces and a connection point for establishing
electrical connection with the antenna;

forming a transmission element on said first planar surface, the
transmission element comprising a radiating element and a transmission
line providing electrical connection between the radiating element and
the connection point, the radiating element being substantially tapered
towards a narrow end thereof connected with the transmission line, the
distal, wider end thereof having formed therein a substantially v-shaped
notch thereby defining two lobes which diverge with increasing distance
from said transmission line, wherein outer edges of said lobes have
formed therein a plurality of serrations to inhibit formation of slow

waves in said lobes; and
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towards a narrow end thereof connected with the
transm ssion line, the distal, w der end thereof

whaorngi38or med therein a substantially v-shapepCT/RP10011055842

t hereby defining two | obes which diverge with

I ncreasing distance 30 fromsajd transm ssion |ine,

wherein outer edges of said |I'0bes have forned therein

a pluralityporefingargratmdBRnicdt ioAdald tedoad nmfinad subthce | thw ground
waves in said | obes; and WO 2007/ 144382 _ _

PCT/ EP2007¢l858Ubeing sonpgsictadntg spidyronnsatian apwhto orpvads g ground
second pl a ment bei ng

connect ed %B%gﬁﬁgggﬁ%%%?ﬁg%&ggg%?n%ggprovide a ground

pl ane in respect of said radiating elenent. 5 24. A

met hod i n accardance with .clai.m23, wherei.n said ,
U apedt RBHEH Bapantiree il SR 4 dira SHE eeRihtorch extends
Wi th an jppexXi@Rdla8nk @&tndnbaho 4RITEER LRENEPYO0 degrees thereby
substantially suppressing transverse Signal nodes of

sai d r aghbgtanigllzisepreassing2Bns yerseet grodi miodesielcordiadiagng element.
wth clains 23 to 24, wherein said serrations are 10
| og- periodically shaped such that said radiating

el egent A snedRlr @bARoMede @ith Wldds R3n@vid4d twheddin Shidnerations are
frequencies w thout increasing size of said radiating
el ement loggerigdigablyihapgdnsusd dbilomik erdigting eragigs pgemble over a

25, wherghn t?aﬂh@iégr&fagig%ﬁ 2 Gencied &F&Bgﬁd irfcﬁ’ea%gbkige of said
an enhanced rate of raditative ‘energy I oss along Sa

edge t haltising ¢dledaai ng refl ection signal travelling

back al ong said edge. 27. A nethod in accordance with

clainse 23 to 26, wherein said serrations are formed

suol that \RAMN Seidcaidal®t HitRT1AmSe 2hobed ggiéréiﬁ' %aitdhsgarations are

convergence of two 20 serration edges. . A nme ‘
i n accorfeamncletovinable ginaintraxzd rafleenfendiaiged cherginloss glmgesaid edge
of said rrati

t S tips are faqr.ne t .an angl g of
et ween UHRoRRMIRS I out b g™ Fakdliggbact u sl APLfe
27. A method in accordance with claims 23 to 26, wherein said serrations are

formed such that each serration tips are formed by the convergence of two

serration edges.

28. A method in accordance with claim 27, wherein said convergence of said
two serration tips are formed at an angle of between approximately 75° and

105°.

29. A method in accordance with claims 23 to 28, wherein said serrations are
shaped such that corresponding dimensions of successive serrations increase
log-periodically whereby the ratio of said corresponding dimensions in

respect of successive serrations has constant predetermined ratio value.

30. A method in accordance with claims 23 to 29, wherein said serrations of said

opposing edges are arranged symmetrically such that one is the mirror image
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29. A nethod in accordance with clains 23 to 28,
wherein said serrations are shaped such that

wa@enraspendi ng di mensi ons of successi ve serr at PONEP2007/055842

increase |og-periodically whereby the ratio of said
correspondi ng di nensions in %Fspect of successive
serrations has constant predeterm ned ratio value. 30

30. A neifhedother aloagndarcetddiny Graighih2 Badi@tingSlement from said
wherein said serrations of said opposing edges are
arranged“@?ﬁﬁ@@ﬂﬂ@ﬁ@P?bgﬁ@ﬁ“ﬁ%@?”%ﬁ§¥?s the mrror

i mge WO 2007/ 144382 PCT/ EP2007/ 055842 24 of the

other along a |ine extending through the radiating

el erent A n@rhoslahdiccdrdarsnvigseloim R3 nehaeid shelt gvoaml slament have a

two edges. 31. nmet hod in accordance with .claim 23,
wher ei n %Hth?fﬁﬂﬁfa BRTetRAhEE %Cﬁs)ﬂeﬂ%ﬁt 4ftpgyjarppicrvals along

slots SQ@GeQngﬁﬁﬁﬁalf EQIEs %%b?tﬁﬁﬁregmg HEQAHA@S of said radiating
intervals along two longitudinal edges thereby

suppr essiament.eohngdudhalsalges ehshideiougd pddrerhemg paalid to said
Iongitu?inal.ed s of said ground plane being paralle

to sai d TPHKE! igﬁon line. 10 32. A nethod in

accordance with claim 31, wherein said slots have

different |engths. 33. A nethod in accordance wth _
any2of ct aratkoD s perogfancovathes!aing il d Wherein sl sdots have different
l'ine hai%%%ﬁﬁcond end connected to said connection

poi nt uppl ying i nput signal therefrom 34. A

nmet hod in accordance with claim 33, wherein said

connection point. is Iocated_betmeep aid trans 'sskon. )
i 8- and® sBFROYriguntroBtBRentith 2038t cRiMgt hbdo of2. Wherein said

maki ng Qfﬂs@i@ﬂ i 'hgé: LUERond IRT éHinB@ed Rb OMidicBEn@tion point
| am nar dielectric substrate, defining first and

second soppesigngpylsamakthsigfibaces and a connecti on

poi nt for establishing electrical connection with the
antenna; formng a transm ssion element on said first

pl @nar sUfag&d it B€ordance with claim 33, wherein said connection point is

located between said transmission line and said ground element.

35. A method of making an antenna structure, comprising:

providing a laminar dielectric substrate, defining first and second
opposing planar surfaces and a connection point for establishing
electrical connection with the antenna;

forming a transmission element on said first planar surface, the
transmission element comprising a radiating element and a transmission
line providing electrical connection between the radiating element and
the connection point, the radiating element being substantially tapered
towards a narrow end thereof connected with the transmission line, the
distal, wider end thereof having formed therein a substantially v-shaped
notch thereby defining two lobes which diverge with increasing distance
from said transmission line, wherein outer edges of said lobes have
formed therein a plurality of serrations to inhibit formation of slow

waves in said lobes;
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25 transm ssion el enent conprising a radiating el ement
and a transm ssion |line providing electrica

wa@onngesspn bet ween the radi ating el ement and PCTEP2007/055842

connection point, the radiating el ement being

substantially tapered towar a narrow end t her eof
connected with the transm ssion line, the distal,

wi der end foﬁﬁfnﬁgoﬁ didtidngeinehiimedl shidege2bid dlanar surface the ground
substantially v-shaped 30 notch, thereby defining

| obes whi cHeapRidieiee Gprscher dp sail sRynastimapRiat tof P’@Mde a ground

said trans es of said

| obes havéﬂhiépﬁgﬁebﬁﬁfgﬁﬁgg%%ﬂﬁg %& %Qg serrations

t o i nhi bi tprboidimtd srond lasliow divlastes Suhfstlsiw deﬂimjbgmird/ﬁd fourth

2007/ 144382 PCT/ EP2007/ 055842 5 formn

el enent orPRPRFES PRIBHA %C&ﬁ,a%a%ﬁwrd;elénarﬁ%%%@? 391.93 superimposed

el ement bqhngupggpsghﬁ@uhgm§ald connection point to

provi de a ground lane i n respect of said radiating

el ement ; aﬁodnmgow dmr@cavcseai@n@tl amn md i@bgh eplanirc surface, the

substrate fining third.and fo 0ppaos

pl anar surcfoﬁglé e eg?tﬁer{tf?e}% ?ﬂngﬁ%l? §(h ,Sffl c%glg]éi ?qgmem to provide

super i NPOSgRF gﬂemah@lesbwtsﬁssﬂh@aagm@sibﬁ age; formng a

conductive element on said fourth planar surface, the

conducti ve el enent being connected to said ground

el nt At Vi d r t

tr o S5 sR iESoopByEE A Ehfln 3, RARRER oy 2R, qlment i

cl ai m 3genanklgy df shapadl dn@saidngowldestantntitms agﬂmeh‘@;l dfyslots spaced
1" shaped and said ground el enment has a plurality of

slots speRreHOM3ah POET YriTegtpr 1Btenels along it Bg i dgarms.

intervals along its top side arns. 15 37. A nethod in

accordance with clains 35 to 36, wherein said

pl 7al i tymethogliwbscordamcpaithldiams 36 te &b dwheramswidsginaiity of slots

l'i ne. thod n accordﬁnce with clains 35 to 37,

whereln“ﬁ%?ﬂpgpbﬁ%%’%ﬁ%ﬂﬁﬁﬁn "as a plurality of vias

that electrically connect said ground el enent through

38. A method in accordance with claims 35 to 37, wherein said ground element
has a plurality of vias that electrically connect said ground element through
said first and second laminar dielectric substrate to said conducting element

thereby further reducing ringing of said radiating element.

39. A method in accordance with claims 35 to 38, wherein said conducting
element is generally ‘T’ shaped resembling a top portion of said ‘I’ shaped

ground element.

40. A method in accordance with claims 35 to 39, wherein said transmission line
has a second end connected to said connection point supplying input signal

therefrom.



10

15

20

25

30

20 said first and second | ami nar dielectric substrate
to said conducting elenment thereby further reducing

wo eovgitngsnf said radiating el ement. 39. A net hedi/EP2007/055842

accordance with clains 35 to 38, mherein sai d
conducting elenent is gener§6ly T shaped resenbling
a top portion of said "I' shaped 25 ground el enent.

4041A met hethol Bf ar&OigtanGeenvh tlluct@icompabingo 39,
wherein said transm ssion |line has a second end

connected W@V§%ﬁﬁacéﬁn@éﬁn%ﬂe%6?n$m§ﬁﬁﬁl9 Eigngnpitpt and second
si gnal n@ ggg})laﬁ% %f;&g7éﬂtﬁ4§%nﬁg{oﬁpégg?/ Rro84blishing

26 41. A maki ng an ant enna struct
conpr|S|ngﬂmpnoﬂhdnm@uamhahnmamndnmlectrlc substrat e,

defi ni ng rst and second posi.n | anar, surf aces

and a con n%’&‘? INSrP PBRTRISTY: el@E’F fqr%ﬁﬁ Rg s é aogy surface, the
connectio Wréﬂsﬁi‘ssﬁdﬁ%l@rﬁ&ﬁ%%prémfgoi FAdREn eteﬁq?é% Hh(? 8it@Rsmission
el ement formed on said first planar surface,

transm ssilore plowiverg ebgtmgah @mgctamrlaaﬂwa@n ﬂ@ @Id@tregtelement and
and a trangm SSion

connect i on Bé?ﬁ%%ﬂo?ﬁgl rovﬁﬁbn§|‘ﬂ%w §S%Pﬁg“MUytﬂmﬁﬁ

connect i onoR@iddta niritey reﬂ&j ltlﬁdrédfgsoﬁh@:lwhtb &h& @ansmission line, the
substantially tapered towards a narrow end thereof
connect ed dibteh Witk andaherpiskaviie formed thaian posugptgntiglly v-shaped

\émuggtr aﬁ?ﬁa’?ﬂh‘%{ @1%& g%\éf H&ﬁ 6[?/ rﬁ%wer e%}ﬂh&e%e with i 1r1tcreasmg distance

| obes whi cfiiordi saed g@nwniskioh Natee adiengn dm$dramgeS offrsarﬁ lobes have
said transm ssion line, wherein outer edqfs of sai

| obes havelornest HsEei ReP Bral e OhPEFAION: {0 §F l‘é‘EPF"é’tﬂ%Wé‘ of signal

to |nh|b|twg&ggggg&bggr&{ esiggal waves at said outer
edges; and 15 formng a ground el enent fornmed on said

first planf@armsgr faageounds whenemt faied oor sadpbirdi plgnaro surface,
t he extent of salg,transn155|on [in
h

i d C i
transni ssi stiantﬂ.iaé %eﬁ%onél IBgep W&egfe’n{ ﬁglrsgg)}ransmlsswn line, said

separ at i Ngr§RhksHnOURE having a perimeter thereby separating said ground
element and said transmission line to provide a coplanar waveguide

structure in respect of said radiating element.

42. A method in accordance with claim 41, wherein said ground element has a
plurality of slots spaced apart from each other at irregular intervals along its
two longitudinal edges thereby suppressing resonance of said radiating
element, said two longitudinal edges of said ground plane being parallel to

said transmission line.

43. A method in accordance with claim 42, wherein said slots have different
lengths.
44, Apparatus substantially as herein described with reference to any of Figures

1 to 11 of the accompanying drawings.



el enent and said transm ssion line to provide a
copl anar wavegui de structure in respect of said

WO 20741438 el enent. 20 42. A nethod in accor daPCEERZ0DTI055842
claim4l, wherein said ground elenment has a plurality
of slots spaced apart frome ot her at irregular
intervals along its two |ongitudi nal edges thereby
su@pr esi ngthoesobantrllphs sakih deaditatliwith reéremend angaf Bigures
t wo Ionqitudinal edges of sai d. ground plane being
par al | ell 141 o thecaePMpIyHHIa¥is: | i ne. 43. A net hod
in accordance with claim42, wherein said slots have
different Ilengths. 30 44. Apparatus substantially as
herein described with reference to any of Figures 1
to 11 of the acconpanying draw ngs. WO 2007/ 144382
PCT/ EP2007/ 055842 27 45. A nethod substantially as
herein described with reference to any of Figures 1
to 11 of the acconpanying draw ngs.



