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¥159159* U tra-w deband nonopol e antenna BACKGROUND
TO THE I NVENTION Field of the invention This invention
elates to an uItra wi deband nonopol e antenna. 5
UItra mmmwm is one of the npst recently
devel op conmuni cati-on technol ogi es. U\B
of fers commumiserati on at very high data rates and | ow
power consunption for transm ssion over a short
di stance. Antennas_are nms i nc] udi ng conductors
used for transm’tiﬁ“ﬁ@wé %/Pal" JRINPPAYS ANLEAMB aves  or
ot her el ectromagnetic waves by wire. UWB antennas mnust
rOV|de wi_deband input 10 inpedance matchi ng and have
WT%TH%‘KI\P‘@ NTH&Ny adi ation patterns within
t he vvor k| ng frequency range. For a wi de variety of
#&Sllcatlons it is desirable for these antennas to
of thginveptienii r ect i onal response. Pl anar UMB ant ennas
have been wi dely studied and can be easily fabricated
due to their low profile, small size and | ow cost.
THisrnmreniporotelatels ¢o pr wloe-vwadebaddbmbBpale20@5n0280580 and
US-A-7 132 985 are devoted to the study of new UWB
antennas wth sinple structures having
Lﬂma}i)vdiebﬂmﬁ (OWB) is ade adfi tha padttrecandy ajadeluﬁedeb&éléss communication

er at.i on. di scl ose. I anar ant ennas
PRSI e UFFLTsT SPRUBISCHTT 2 Y0 S 8e5y e Aichdow power
cdisemppar fat trivgriigsiagweercyshbatktman cover the whole UNB
bandwi dth (3.1 GHz to 10.6 GHz). |In Hans G Schantz,
"Bottom fed planar elliptical UAB antennas," | EEE

ACBRRST 86 6Rteaid idEludMB conhib@iBused (i‘ortt%gkﬁﬁﬁr%gén@%cca@ﬁn radio waves
219-223, Nov. 2003", a battomfed planar elliptica

DB S f5ETMAAEEN NAVTSS DY R | BB apfenammwpingro¥idn wideband input

ifpAih @ EnAcHIROhdHIIE dieraegfft}b N @htrbithd RidMtioR PhttetiienidfS tdWorking
can be difficult to gpl errert as it incorporates a

fEAeORY 12Rgh B ATEAe Ya5ieRePiPPPHGANPRY & ihdastahln for dirde AueRRag to have

ah“?oﬂﬁ&iufe&ﬂmﬁla&kﬁmwr PRAASUWYR Bittetfak Bhvechde @ Widel P 3MBieR SR can be
done to continue the exploration of new ant enna

e3pdl¥ ffaprisateddiie to tsifRiPw Pfqﬁﬁe emalhsizoam) lopges82 there 25 is

di scl osed the differential and single ended elliptical

antennas. In order to increase the
Summary of the prior art

US-A-2005/0280580 and US-A-7 132 985 are devoted to the study of new UWB antennas
with simple structures having omnidirectional radiation patterns and wideband operation.
They disclose planar monopole antennas that are formed on printed circuit boards by etching.
The operating frequency band can cover the whole UWB bandwidth (3.1 GHz to 10.6 GHz).
In Hans G. Schantz, “Bottom fed planar elliptical UWB antennas,” IEEE Conference on
UWB systems and technologies, pp. 219-223, Nov. 2003”, a bottom fed planar elliptical
UWB dipole antenna is described. The antenna can provide a good omnidirectional pattern
but the design can be difficult to implement as it incorporates a balun transformer to help
improve matching and reduce undesired cable currents. Many other efforts have been done to
continue the exploration of new antenna designs. For example, in US-A-2005/0280582 there

is disclosed the differential and single ended elliptical antennas. In order to increase the
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i npedance bandwi dth or to realize frequency band

rejection characteristic, narrow slits/slots naybe

added into the nonopol e patches, as disclosed in

US- A- 2006/ 0181471. Al the abdve antennas are planar
structures which are suitable for use in single-ended
impedadief faadeiith ad toLn‘d&BMerf&rqs&ﬁ@ﬂ:hmgre@ndasrocharaeeedswd fgrow slits/slots

d and
f«}aﬁﬁe piE e R TR G 2%‘?565@?@??&90
(p= O) Fbmever in the y-z plane (0=90, (p=90), which
Pﬂ-g{ ort ant for sone applications, the radiation

AV Hteqngs dreBIARAT SFGHIES (TS HF SEEHNS NFHES dhghele-ended or

d\imfdrtmitaherws apshﬁmuﬂﬁdmm)rrr@&mﬁgews&nts hﬁdQ@J ELAP Mh@a They are
%ﬁg wWith the x-axis in the x-y Q%For exanpl e

§ withearnidireglional 2pdMYfethe & ’apla‘iee@u i%9)-i Alogrever, in the y-z

puaandw@:tgoocb =0@ Wheh iPlaRBampbitf feMdRRNPPLEAWR!, (5 geiahon pattern is
ges. The signal strength 10 is lowin such a nul

1%8# éantaﬂladt @ represert threanglivith theat 4% apdp BRresonti the t:@epspondmg
a%l\%rmﬁqfeeﬂm P OESLH! RaneyS-Hr %Q%@Ql%ﬁﬁ Tardli ﬁcgeﬁéf%d Wue to a

antenna with 270 coverage in the main beani
redicEomia 4 rﬁél@we&auaowlémaééme.aetegfapééwaati%bow ofgeyi Vhe ragnal strength

1@ Wv&n id %hac{ RUIP ardh taAG I'lﬁéj efferiyP %omﬂ’luﬁi F&c{ of fnﬁy %E Qﬁlﬁl&ﬁeor rendered

i ncl ud |n% central axes orth ogona 0O eacC
1@9@55@165 Ubghe0PelBi iridt disclongsl 2 W anthenat with 707 aodérageoinrihe main

o 0GRS YR ) gl GRS o
dielegENTIUDNrathang inelodling henu%mtqrtdmgqngl_ tocagh othérgdendha tilfie radiator
c ?(L P RLS Rﬂ@al&’ieﬁérgnrahﬂ?grs h ' & q 1[(3r g&ltxﬁfcgted and its
a n Sh 1 on (0]

ew adj ust nent paraneters.
peramiettry aze tiffaewdd to ebmxcht | on radlatlon in the x-z pl ane,
it is a further aimof the present invention to
provi de an antenna with good 20 ommi directiona
SIMMVEAR Y OF BHEINVENTIONhe y-z plane. It has been
found that use of a radiating elenent that has a-
shape resenbling a guitar is advantageous. That is, it

Amsinaofsthafieventiat is peproviieadlWp masopoRGintihaa Tdbsign thahas a simple
Sse ment s _of ?n elliﬁﬁe or of ircle. Froma f

a
Brond g i) BTG de SO o st ra s gleveton radation
1 Ee€RN plafie) D6 laFlufliger adn DB %t grédeft invention to provide an antenna with good

omnidirectional elevation radiation in the y-z plane. It has been found that use of a radiating
element that has a shape resembling a guitar is advantageous. That is, it has a shape that

peripherally has regions that are segments of an ellipse or of a circle.

From a first aspect, the invention provides an ultra-wideband antenna comprising: a substrate;
a conductive ground plane formed on a first surface of the substrate; a radiating element
formed on a surface of the substrate, the radiating element having a peripheral shape that
includes a plurality of regions each being a segment of an ellipse; and a feed element to

transmit a signal to the radiating element.
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a conductive ground plane fornmed on a first surface of
the substrate; a radiating elenent 25 forned on a
surface of the substrate, the radiating el enent havi ng
a peripheral shape that includes a plurality of

regi ons each being a segnent -»f an ellipse; and a feed
element to transmt a signal to the radiating

”Jﬁ:leehaﬁpntof the 3adidking ebdnsspemayf h:tvha réﬁdﬂb&hteﬂl@ tied lamlyrd)t a @8ar. That is, it
ui tar

T O G ERa P e sl &feofﬁ%d Hipetnecatgdgier B in e -

dileeridhakal that fethbiefrag tieffedl ilesser wi dth in the x-
direction that that further fromthe feed Iine. The
feed el enent may be a 5052 microstripline. In such

BRI dEhdnd mayte 4 s@ul natekBPlinel Sin sach ¥Rb&dmkMs f1RE f@?‘:gi element is
on surface of the supstrate opposite that on whi

%"ﬁér 8URFd 9N &erace of it hytratpopRosyig tthay @nyWhily ghef @é@ﬁd plane is
feln@@ent is a copl anar wavegui de. In such enbodi nents,
the feed element is formed on the sane surface of the
substrate. The ground plane nmay therefore conprise

AlWehaRV A6 S Qtf,edr@&ﬁéntsi? R a??taﬁg' DvebtiQe f %Qucerl Qx{ﬁ%lﬁmaég the feed

To inprove omi directional perforfance
efegieiietd formedhen ghgoiagei rfaed eintbatsubsemtee n'HlengOIﬁIrdopiamdﬁmay therefore

:h I d
cBEonGE Yol el QAW 6L RIOLp e ST ot exten

may exte i rect parallel to the
feed line. There is typlcally a gap between the feed

o 0 ape, ,IThe S|ze of the gap. LS
a %gﬁ %Hﬂd%r%glo% % sc%pae?lg M3y S5elPrs glg ‘g‘?‘atf%eelemem
eannd;ngéromdwmtla@ﬂy)@éltl}e ratlhengalemiest. The 6lot ke m@¥oegtend in a
d%gg1°9§? WgterEar Lo I?efl{e%dltlhe wavel ength in the

I'um o e Central frequency of the
operating frequency band. The elliptical regions of

he . i phery of the radi atjng el nent advant ageousl y
Thl6 P BRI Ko Serbi b6 Fre Sl in S The ot Sl ae of the gap
ian pbrmmafthaaxemolﬂs;er@m g Iﬂi'é)ﬂf(&nfaﬁ@l a7 I‘the@fntdnh@f N@\Fanﬁﬁ&fu)ﬂyotﬁe gap is

di e nt y be a segnent of a cir
in FRF B 4 B g T B o S Erso e o ikt P af the cental
fleqeaue ofth€SperdtihgfRfyencbi@asi ng bandw dt h. Most

typically, the radiating elenent is symmetrical about
an axi s that passes through the

The elliptical regions of the periphery of the radiating element advantageously have different
radii in one or both of their major and minor axes. One or more region of the periphery of the
radiating element may be a segment of a circle. This helps to distribute resonances to

different frequencies, thereby increasing bandwidth.

Most tjfpically, the radiating element is symmetrical about an axis that passes through the

feed element.

From a second aspect, the invention provides an ultra-wideband antenna comprising: a
substrate; a conductive ground plane formed on a first surface of the substrate; a radiating
element formed on a surface of the substrate, the radiating element having a peripheral shape
that includes a plurality of regions each being curved, the regions having different radii of

curvature; and a feed element to transmit a signal to the radiating element.
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feed el enent. From a second aspect, the invention
provi des an ultra-w deband antenna conprising: a
substrate; a conductive ground plane formed on a first
surface of the substrate; a radiating 25 elenent
formed on a surface of the substrate, the radiating
el ement having a peripheral shape that includes a
Tt ourstd tegion$ inchgle ons oeacte df @isegment bi/eclrcld, Agegregit 6N ellipse or a
Sgarlr\l/einpgfa%iofvg%rent radii of ‘curvature; and a feed

enent® 0t ansnit a signal to the radiating el enent.
-4- The curved regions include one or nore of a

RS Chardrytly et B adEBRGe oo o Tre DRAW NeS

In the drawings: 5 Fig. la is a front view of a planar
nmonopol e antenna of a first enbodi nent of the

SFMiRg:  which is a microstripline fed structure;
Fig. Ibis the side view of a planar nonopol e ant enna
of a first enbodiment of the invention;, Fig. 2is a
Feyj. dgisadriront widve of eplansr henppolgfanichee pf afisst emimdopait ef the invention,
whhikdh . - ' . Fig. 3 illustrates another
enbgg?ﬂn%%?&g@ﬂteﬁ%ﬂlt%\sgﬁ%i on being a nodification of
the 10 enbodinment of Fig. 1, where a slot is on one
L8k HOer R TR ARIBR ol g OPRARRp e mention
patterns of the antenna shown in Figs 1 and 3; Fig. 5

il Lustr.ates ot her enbaqdi nent of a pl anar nopol_e

Fig 2 8 BB R RSl thecPiaar Bionics SXne JRSRRAE o

of several circles; 15 Fig. 6 illustrates another

embodj nent of pl anar.. nonopol e antenna where the .
Fﬂad?d‘h??ﬁ’ﬁtese?‘é’?}?ﬁteni‘@dﬁn% i HiSt FYROIPR  B@igg ragmodification of  the

eH08diflehtcdf &9, | FBere 4 slot #s b8 bhatigs ofthetlRtingobagirent  of
a pl anar nonopol e antenna where a w de sTot cut is on

the mddle of the radiating elenent; and Fig. 8 is the

Fid 4 bsthpaadsi 108 b variflcanauGiRNARY £, 3RheRIBOE pithéns of the antenna
second . enbodi nent of the
shown in Figs 1 and 3;

Fig. S illustrates another embodiment of a planar monopole antenna where the radiating

element is a combination of several circles;

Fig. 6 illustrates another embodiment of a planar monopole antenna where the radiating

element is a combination of several semicircles;

Fig. 7 illustrates another embodiment of a planar monopole antenna where a wide slot cut is

on the middile of the radiating element; and

Fig. 8 is the illustration of a planar monopole antenna of the second embodiment of the

invention, which is incorporates a coplanar waveguide feed element; and
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20 invention, which is incorporates a copl anar
wavegui de feed elenent; and -5- Figs 9 and 10 show

enbodi ments of the invention having alternative
configurations of radiating elenent. DETAILED

DESCRI PTI ON OF THE PREFERRED-EMBCDI MENTS Enbodi nent s

of the invention will now be described in detail, by
FRY9 ahd exashplveembatitnwits of the ifeati@N By altdiative configurations of
aog::HCJL)rTIJEI%lng drawi ngs. An ommi di recti onal nonopol e

"OEGE™5B  ng a first enbodi ment of the invention is

shomn in Figures la and | b. The antenna conprises a

dielectric substrate 10 that has_a _substanti al
1?%‘%“%9@%&1??&1?’ QU §HEEREHERREL} E EMRQRIVENTS: 1

in an x-y plane. On the first major surface of the
substrate 10 are forned a radiating el enent 12 of
Fapbegtipeats ofiibe avensien Wil Rewibe, degyiibed i datailp B 34a ©0& exaipple. and with

ray{eﬁ&qst&facg&gpawpgya@g% s10 is forned a netal ground
plane 16. Fig 1 rawn as if the substrate 10

wer e transparent (| e., such that the ground plane 16
§ t
Opor}é%ﬁ{ralngnal %%H%olg&rt%}éﬁ?ﬁ%%@ aeﬁrgt rﬂé)%dlzﬁkgy\@ﬂt}l% %%ﬁt{b?]x is shown in

Rigvireshlat dand  Iba ditetan@nnatanprses azlmmcf @bstraltq Hbthliaharaesubstannally

f%ﬁéﬁgo%%% ﬁ.!':s gllﬁrs%co gtgrlal]osrrggyf%% tHa% 11 rgnan 8 are. 1(%11 Ebﬁtfh §& major surface

Vi ewe I rec
of &t &abémg: kﬂ EEe‘rﬁmnedi r:idaaatmg e}lnmdnphﬁeofydlhﬂlettr a.‘lxdra;iiee&bme 14. On the

o%?%/s?tg qnajor LAk otI tgea tsu Al Ste SRS xalf?r]meﬁ & et?la Iancfe‘ ﬁla?%g Fig 1(a) is

e"Tegi ohs aV|ng
dmayroas ﬂrmb substeate 3 iwgre (Firspare@di.af susl tied elnegrbundsplane 16 is visible

raI trical bout an . ax
PRp SioFrEY TLBa T doTaE oRBroE § T itze i oops the urace on
Vﬂﬁk&pﬂwofadiah&) eRdieat 1NGne| feed® Mihe U2 iraSfofindd®S ERRLBND®) kbws the
t he bod

t has two bul bous
shgiegier of e Tl Mews MR HtToeis 14 et mg of &
| esser 20 width in the x-direction that that further
{ﬁ%} m.the feed Itpe 14. The aimin inplenenting
Biptingn plement; 17 Bas % BEPRERR thak FRMPHE SEXFT %E%’?‘i‘sn at are each a
%rﬁén@roeaﬁ elliPS) M gidnd Héling QiffeRBPAAM ih Che Majot @45 minor axis. The

anar di pol e/ np ol e antennas. Different radii_  of
‘HQIU& qlqugfglé s ggg?rplgsp @? amq@%p@ﬁfhaf B3 4Rgough the feed line 14

ih HROUEREHSS | Tt&oshb%%fqmdfhﬁhg ermeht RS e réknbREeStoGAdbody of a
help to enlarge t fre uenc%gbandmndth The radi us

gyitar hEhahdy &rhaak‘f/% bylpoystregions. §as cloagr tp she fead lipe 4t Gring f a lesser
Wi if e Mdirection that that further from the feed line 14. The aim in implementing the

embodiment is to broaden the bandwidth by exciting different resonances that correspond to
various planar dipole/monopole antennas. Different radii of the ellipses correspond to
different resonant frequencies, so the combination of these ellipses can help to enlarge the
frequency bandwidth. The radius of the major axis of the largest elliptical region is typically
approximately half the wavelength A, where A, is the wavelength in the dielectric medium of
the central frequency of the operating frequency band. For example, the largest radius in
major axis (x-axis) of the radiating element corresponds to half the wavelength in the medium

at the lowest resonant frequency.
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25 approximately half the wavel ength kg, where kg is
the wavel ength in the dielectric nediumof the
central frequency of the operating frequency band. For
exanple, the largest radius in mjor axis (x-axis) of
the radiating el enent correspénds to half the

wavel ength in the nedium at the | owest resonant

TheefepieN@yl4 is 8-500h8iciReiBlihd thar i dperstive 15RRAsmit a signal to the radiating
mcrostripline that is operative to transnit a

S1 g
Hnenhe Thefr s §aRgIndicpiER@h 1S, beier thedeed RpsY (thFrPai“éé‘t‘é‘HCh the feed

1&e MBjoink eherReRAtAN SR 2 thl“ihe( grbghdPRhit 1 At T igdoft A€ gap is an
feed line 14 jolns the radlatlngﬁFlenent 12) and the

IPATIFY PRIRRAET Epl oMk OB FHEE 8ot the aaﬁnnq rFpleas tpggp found that
WRnAHRERY is btive SOOI, a8 0], MREHRAGL cAB G0 boekr Hhpddifce matching in
antenna. It has béen found that 5 when the gap is

e Rendvidh. g and 0. 04X, the antenna can have better

i npedance matching in w de bandwi dth. As shown in Fig

1, the nonopol e antenna i s manufactured by enpl oyi ng

A4 abrayn ot Eigilndhe menépodd enfynnaFis gnanufdconesi bhempéstyingnplanar etching
ka55108f the antenna of the first enbodiment of the
Invention. The 10 vertical axis shows the return | oss

and horizontal axis shows the operating frequency. As

o T 0bvh T, [l s PR Ee PR PR R B oo e
vertical akiy shows thn rguindosanhd abtizonabaxivshotve thiehperingifrequency.

pl ane 16, as shown in Fig 3. The purpose of the sl ot

22, is to obtain good omidirectional radiation
Aharmalifratisd id the dboh@tantesina Qnﬁ‘ﬁl)(c al Qotr Eﬂi&Cfbrmcd extend.mc into the

rectional yar| tion in radi afion) wt
TR I5RR A ffh%gyeczwiémaﬁ ral o R algne 16, as shown in
mgnal dihe @Gﬁpbmhhepﬁétfﬁ ma%etaﬁhgfoat‘dnﬁﬁdlfet:ﬂl&m taiatibi€ charteristics
nd thﬁt t.he centre of the_ sl

BB Rep aBy° BreaBOHOMR Gt (g T S Gegigon i the 12

pl&R wiiRShhih@ihimRf orh@tirectioha Lﬂefﬂ)nﬂiaﬁ&@é bisardc@erishi@ 'ﬁ'tﬁ@kuz%ﬂane It is
£atch centre, and the wi dth the slot 22 is chose

P, bat the caiot e Stkﬁ@?vw a'teFFr%Pfly PlResdssbe Fdigtiag elemgny Ghse 1o the

pRitioh @f hlpStréuddr&adifid & thel Srcdlal ﬁfﬂ&ﬁ&én&@ NarldN@e fwagth aJf | 'tﬁ%ﬁslot 22 is
gatterns of a 4GHz signal int | ane of the

39 RE e $2eAS i of F POREFASIPIipe On e WOSFHE.
without the slot. It will be seen fromFig 4 that the
ain variation is apparently inproved (around 15dB to
lg@dg)s aapomP@SQW\éh%mdp%logypaftﬁ@s of a 4GHz signal in the y-z plane of the

embodiments for the situations that are with and without the slot. It will be seen from Fig 4
that the gain variation is apparently improved (around 15dB to 20dB) at the two nulls by the
adding of this slot.

Fig 5 and Fig 6 illustrate further embodiments of the invention. In these embodiments, the
radiating element 12 is formed as with a periphery having regions shaped as a combination of
several segments of circles, semicircles or being shaped as part of the outline of a water

droplet.

Fig 7 shows another embodiment of the embodiment with an empty region cut from the

middie of the radiating elements. The peripheral shape of the empty region resembles the
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adding of this slot. Fig 5 and Fig 6 illustrate

further enbodi nents of the invention. In these

enbodi ments, the radiating element 12 is forned as

with a periphery having regi ons shaped as a

conmbi nation of 25 several seégnents of circles,

semcircles or being shaped as part of the outline of
oatemml@heralchhml flthe faligting QbasE 12NThdLdia6FPEIEERND tiRfefore has the

enb di ment. with a ion cut . fromthe
a?ﬁeﬂr&f‘cee fas{rl?eOffré\ad?ré?lngﬂ’pg)"@%@ gons’ﬁ‘l‘éw K88 pheral shape
of the enpty region resenbles the -7- outer periphera
ha e of the radiating elenment 12. The radiating

nEMAOSIER (b 1R B VRROn iR 8RO Hégwaﬁqcéhwera)hgltwqf phofadiating

eféﬂfeﬁtr 128onplisc3RBMB e dBHiBLeY vaANEHSE r%fjﬁlnhe rﬁ‘ajf)%ﬁt?ﬁﬁor axis. The
enbodi nent of the invention is shown in Fig

fosdrqlgsprat ys afcophiaar yavegeidag CPaY)esraistura2 e ohip rqmb@élment the metal
ofRAPINEE R sPSeheanl dirf-fEbERe Edirdte a8 tﬂéqﬁadmhg element and,

and m nor axis. The 5 feed elenment 1s a copl anar
seRatAsgUhYdde (fepvijnestortivet sides.  Tharet 31 shreerisensi ipghis stradyere, the size of

vomthadan Q6 QLBGePtPRE MWl prBlkid: B8 1R Rersl ! DACK @L gglbgetween the

substrate as the radiating el ement an separ at
fee poing apd thergsound nlgnss:stheleder Prretre gapsebqtmeeetheg aroynd nlane and the

féela'lﬁle S&trﬂéghwnefouﬁch&la?%ﬁ% t‘ﬁ%1 gaﬂ‘@ét&zgencfh@ 8%2 p.l%gll ?xﬁ&e ﬁlg é%o%nd plane

desi gn par aneter o t enna.
sb@ﬂd/\l@ewwm OAf et %\:gmmmme Bdpe bgveen dlepgr(amésplant kg the feed line

Bt 0

fﬁ;&gé F(?(?]\KSP@Y t@npg? g%{c]: oun dﬁ?ﬁ&(e w%da.n% ! can aveblt)ettter mﬁaedance
matpdingewer pwidetbandmdidthh @here Gy mckhp hareengsth uuh@l db&cdnlemann of the
Qﬁg] l h between the ground

cptanfg egwqﬁ%RQj %ﬂ ?ﬁ%£w$8%%$?he 5052 CPW i nput

inpedance on the substrate, the antenna can have

d bandw
TSR oo ARSI bE R i B BB el ypon an

tkwfx-i 1b‘lene aehbt cal bef preqd&hmyor&fmdehff thm&ﬂatmgﬂgerhérﬂqwﬁﬂmyus slot, the
omi di rection r f or manc

15 T
PR AT S Bt et SR (BaRH THES 5 e AR peigean both be

iprovgdl ane, a sl ot can be provided on one side of the
radiating element. Wth this slot, the inpedance
mat chi ng bandwi dth and the gain variation in the

Ott iedbb@he S t0F icNSPWaRd Binkr RBnogoMPARMEBEs are also suitable, where the
radiating element can be the combination of circles, semicircles or reverse water droplets.
For example, the embodiment of Fig 9 has a radiating element similar to that of Fig 5, but
inverted with respect to the feed. Fig 10 illustrates an embodiment in which the radiating

element has an ovoid periphery, which can be likened to an inverted water droplet.
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O her enbodi mrents of the CPWfed planar nonopol e

antennas are also suitable, where the 20 radiating

el ement can be the conbination of circles, semcircles

or reverse water droplets. For exanple, the

enbodi nent of Fig 9 has a radating elenent simlar to

that of Fig 5, but inverted with respect to the feed.

Fig 10 illustrates an enbodi nent in which the

radi ating elenent has an ovoid periphery, which can

be Iikened to an inverted water droplet. -8- Cains 1.
Chimsil t r a- Wi deband antenna conprising: a substrate; a

conductive ground plane formed on a first surface of

the substrate; a radiating elenent formed on a surface

ofl. An tuea-siteBirdab@enrah orhibiret | NGuiRtBEEAL cHAVItNE @ound plane
perhpheral shage that includes a plurality of regions
eac HOBRIIJ A fiesh girtase obtheaHbuate; drdiatng ¢lemenpiogmed ana surface of

t o tth@Bgbirite ahé tANGhe efeicht v REibRGalSh SR incPudeéW plurality
ul tra-w deband antenna according to claim1 in which

t he Faegions| capfbbring & segmsot of angliipsssand;adiesddemeny t@transmit a signal

ul t rg+y debdnctiamdgnna according to claim2 in which
the feed element is on a surface of the substrate

opposite that on which the ground plane is forned. 4.

u - W,; tenna.according.to.claimil in .
o Y B SRR RS GRSl e s s00
ul t rmicvasttipiand ant enna according to claim4 in which
the feed elenent is formed 15 on the first surface of

the substrate. 6. An ultra-w deband ant enna accordi ng

t 6. cAmiultaSwidebant iagRRnidsccordanpne QhiaNe i ORI tBE feed te¥hent is on a
piece% of netaL separat.ed by the feed el ement. 7. An

ul t rHERCRE R R ST eSS e R o8 Wheht tBe SrRyndmiansddfosged:
claimin which a slot is formed in the radiating
eleggat_extendlag Eron1the,per|phery of the radiatin

{ > ) g .
efenehilrapidgbanaanigons 2ocoréiap 40 1wt b i v udic e dper elegent is a
cl aigaplbniriwadBiie. t he sl ot extends in a direction
generally parallel to the feed |ine.

5. An ultra-wideband antenna according to claim 4 in which the feed element is formed

on the first surface of the substrate.

6. An ultra-wideband antenna according to claim 5 in which the ground plane comprises

two pieces of metal separated by the feed element.

7. An ultra-wideband antenna according to any preceding claim in which a slot is formed

in the radiating element extending from the periphery of the radiating element.

8. An ultra-wideband antenna according to claim 7 in which the slot extends in a

direction generally parallel to the feed line.

9. An ultra-wideband antenna according to any preceding claim in which there is a gap

between the feed element and the ground plane.



9. An ultra-w deband antenna according to any

preceding claimin which there is a gap between the

feed el enent and the ground plane. -9- 10. An

ul tra-w deband antenna according to claim9 in which

the gap is of wdth OX 9 and-9.04),g, where Xg is the

wavel ength in the dielectric nediumof the centra

f lrleqme ﬂllijg-\glﬁelaahh entoperRtbragfté Clge ey whidh the gfhg is #¥width OA, and

ul tr a-w deband ant enna accordi ng to any precedin

cl ai e YRR 1t “@Vfﬁrﬁm yype dglew@g s Pt thigenttal frequency of

per i abepetatiig fidd@encdadt i Ng el ement have different

radii in one or both of their najor and m nor axes.

12. An ultra-w deband antenna according to any

PrigCRAiuNe-GidRbdt iAW SdroRME: OFan)Pr&edihE GRS ShichNEe elliptical

peri phery of the radiating @ enent is a segnent of a

5 ci r clesiony gf thpyperipheypf fhed@piatier demen haveabidoenfiradi inenaayboth of
pr ec@gi ARlidr hAd MdoPatli ch the radiating 10 elenent is
symetrical about an axis that passes through the feed

el emrent. 14. An ultra-w deband antenna conprising: a

SUBSKE i wie SRR HEhhY hOHIRS |

r1'Panh dfn ReGRRAHERAS AN Y Wb AR i Rafly one or more

f or medioonofghs pariphere obfhe radiging glestentis @ segnieat ofzdiimte. ng

el ement having a peripheral shape that includes a

plurality of regions each being curved, the regions

haBi Ag uttraF®eieemtl anednd acbrding toadny ipescedinglclaim ibwhizRdhe radiating

elenent to transmit a signal to the radiatin | ement .

0 To® o RSB ST S et WG £ TR,

in which the curved regions include one or nore of a

f ircl f [ 1]

:21% n:ulg?—wgq;%lg{;lg iantjenn% %grggr?sﬂ}g: oa su r;trgte; Iapcso%dl(ljcrtiv{ej:l ground plane
formed on a first surface of the substrate; a radiating element formed on a surface of
the substrate, the radiating element having a peripheral shape that includes a plurality
of regions each being curved, the regions having different radii of curvature; and a

15 feed element to transmit a signal to the radiating element.

15. An ultra-wideband antenna according to claim 14 in which the curved regions include

one or more of a segment of a circle, a segment of an ellipse or a segment of an ovoid.



