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ANTENNAS FOR ULTRA- W DEBAND APPLI CATI ONS Fi el d of
I nvention The invention relates generally to antennas.

wo poopas4scul ar, it relates to planar ant ennas POT/SG2004/000381

ul tra-w deband applications. Background U tra-w deband
(UMB) radio systens transmt and receive comruni cation
signal s as nodul ated i npul skes. The duration of the
nodul ated i npul ses is typically very short and is of

the or f f ioﬁﬁlﬂ{ ANTR TOSS -

Thi s ﬁﬁ@m‘ﬁ@‘mﬁ@f "I npu BANTS %a\?e dl;equ%ncy
ranges that are extrenely broad, typically of a few
igahertz (GHz). The broad frequency ranges of the UWB
?‘ﬁ%%lgﬁf?{“@ﬁs are therefore distinctly different from

TR bR RddtedSenE:@Ns RAmEnh@d 0 payishleit reldles & planar antennas
distinction of the UAB radio systens require a unique

fop pltigrwidehsnd apRlSAOS npl enent ed by a regul atory body
specifically for comrunication systens that are based
on UWB technol ogy. The regulations Iimt the radi ated
Baskgroundvel s and signal spectra of the UWB radio
’t@ﬁﬁt-\gﬂgbajnﬁ ® rali® &aehk kbRt MROMEil Nt ARERKiENGE stgdals

e conventional narrfow band radi o systens which

wcwodyated prapiisesf Fhnalufation @é theymeddated ppudtes thiypigply very

g}ﬁ)e %g%i{z)‘g ZI{rEB?rd & 2B EEPH 8 & ABnosednd gf&%g%ﬂ% QoY the

a mmuni cati on Conm ssi on

| meduldted smikes i e Brijesnésornges il sregndemels broagd, tpicalyef a

adj .at.ed S [
GRELE RTINS el Kb B -
thBrefdvtidistiactlyadiffred B flomnehnivelttiondl hatrowehaed sadio fsyssepaendiis
range from._3. 10..6 . This .requl ation_gdefd
g‘ﬁ‘é‘gﬁ?‘&l Oﬁmiﬂ?ﬁ t]U ‘fgf%s ﬁadfloo%%FlflS Tadi 31%?31/%% gfrjrso.f Rigflathons
Rigvhalisl b bdégtatdiabedys hweificillyafor eomssnioationrsystems that are

aesgg %%II?&]BD%tcltlr?orlong%. o{‘heare%tignaslqin?it the radiated power levels and
signal spectra of the UWB radio systems in order to facilitate undue interference to

the conventional narrow-band radio systems which occupy a part of the frequency

spectrum of the UWB radio systems.

One such regulation, as stipulated by the US Federal Communication Commission
(FCC), requires that the emission levels and spectra of the radiated pulses of a UWB
radio system to have an effective isotropic radiated power (EIRP) below 413
dBm/MHz for a 10 dB bandwidth that covers a frequency range from 3.1 to
10.6GHz. This regulation defines a spectral limit mask for all UWB radio systems.

Previous studies have shown that emission and reception patterns of a UWB radio
system are significantly affected by its antenna characteristics. Therefore, the
emission and reception patterns of the UWB radio system are typically modified to
conform to FCC emission regulation on the limit mask by appropriately designing

the antenna characteristics.
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systemare significantly affected by its antenna
characteristics. Therefore, the em ssion and reception

WQaiobes49s1 of the UWB radi o system are typi cal | BCT/SG2004/000381

nodified to conformto FCC em ssion regulation on the
limt mask by appropriately_designing the antenna
characteristics. Besi des nee%ing the limt mask
regul ati on, antennas of a UWB radi o system shoul d be

A8ghed Med:it Pthb Wnfit MbskAre AUFRA! ardénnh L6 UM RIdSo sykiefnSdhbild
the UMB radi o system has a bandwi dth that is_as broad

bndesigaed torfalfidinapmbst plgeguitsments o irdlynthe Wi ristiosigisaniys 2

%ﬂ’ﬁ%&l:l ltaY 1@00LRLA FhdbRA- GBI 3Y SbRMIETH: 1 £hiBRBY broadband
econdl y, operating power of the UMB radio systemis

eapabibity and gieindieohigh sprtena effigiontin g SedogAly penfsating power of the
b el EOLL Ly, | ey, Third]

e

tienUWD radigrsgbteni basoa tlinearisediphade| fyansfeh eresppBser &afi providing

system.gener at es radiat i ' '
o] VAT PR O e B 5, Moty PR AR bR
tndth imslkfoininh pde in e desireé dizextiont hr ough vari ous desi gns of
antennas for the UAB radi o system More notabl e
exanpl es are transverse el ectromagneti c node (TEM

MarRHuaRtempls fhast hebe mexdt ab falfillethn asquistehts ahrosph rvatious

ntennas. Both types_of antennas feature br oad
Rt e dr B B CHGS By ertoth ol st as
R eEdelbotRam gnbticalb®NTEH) Abks dhd tf-dupplembotaBatfidnas, such
from di spersion due to frequency-de engan changes in
phapiral aplennst | Reth figs ©F CBIIRoAtRe NeBn PRaf! ] Jell-matchied
HhRKi GBI & eRALRNEASNRAKA ty&de Ih&tIahicAihsaRAdibBHal and
relatively stable phase centers for achieving a broad
awiéer e diperaoredreda igarae rdepPRdagt Pangesda el TPEsPidteinpase
I, ings are used to elimnate reflection of radiated
pul ses occurring at transm ssion ends of both
antennas. However, both antennas are bulky in size and

?i-%oﬁi&h‘ 3nd! H%H-lcgl?ileall eanteﬁﬁasshq% lessa&]igtoﬁfe)ﬂta‘aﬁ lh@vel'%ﬁtively stable
evil ces.

phase centers for achieving a broad and well-matched bandwidth. This is because
resistive loadings are used to eliminate reflection of radiated pulses occurring at
transmission ends of both antennas. However, both antennas are bulky in size and

are thus unsuitable for small and portable UWB devices.

In conjunction with the abovementioned requirements for a UWB radio system,
another important consideration for designing a UWB antenna is the preclusion of
interference to conventional in-band or out-band radio systems. The UWB antenna is
required to function as an efficient radiator that precludes interference to in-band
systems such as W-LAN operating at 5.2 or 5.8GHz or out-band systems operating at
0.99 to 3.1GHz.
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In conjunction with the abovenentioned requirenents
for a UWB radi o system another inportant

waeonwsiogmsat i on for designing a UAMB antenna i s POESG2004/000381

preclusion of interference to conventional in-band or
out - band radi o systens. The UAB antenna is required to
function as an efficient radiator that precludes
interference to in-band systens such as WLAN

PRekALHBHpAt hdve2b&h Ma&CtE @bviedtTWaNdnEysk ewih broadband
operating at 0.99 to 3.1GHz. Further attenpts have been
srRallityAndr empdancy\ B th FRABEFRISOr moprferdentg b ey

B 260 BRL1-AR EadiNdylsfams € BHHUE QBRA 634570156 NRanth teAE K8 @B &Bed
w th existing inband and out-band radj o systens.

In US
planasnmogoprdy , 15 gifaischrafmptehech chagctarivise cEl p| whkmatched
AGRAL ?Drtaovgﬂ%%eﬁé%dglg Rk B 2ANEL vERBE A6k fah St 1. CROoWE el tRe

wel | - mat che h for a voltage standi ng wave
well-natdhedShRiwadth seetsufficiently:broad Herde W applippdions.

wel | - mat ched bandwi dth is not sufficiently broad for
UVB applications. In US patent application
ROUS/ 280 48plicAtion 208390435 Bl an sshonminplpudr emérapppleghaying a

hortin i,n at. the.phottom of .th 0 ' r
Pt 8 o Pt B P bGP o, SR RO Bk FaEREE 6L
edd&tont Glowaiver, i drdérad inaintan refidftion ieffivtopcy, tthestohtorgtpimgnd a

in and a feed to the opol re separated. far.

Bhod o6 W Rgusools 8 e ° Plece B R RRE e rad fivs 0 e

hahgple R, a6 dwidHidth @F tHelRorwpsle 0Also h@ badad @nowph for TaB

enough for UMB applications. In US patent application
S3#9P82010, M Corkl e proposes using a small annul ar

pl anar nonopol e to achi eve a broad and wel | - mat ched
bandw dt h. However, the annul ar planar nonopol e qoes

HobSeseking ppplisatii. HORON L 10n Mokerkds peoppies upigp & el annular

Bihdrl hmbiBRie ©HOUchRON 2 BN LRN §BE-SaWhbd beAdvalthNOHbWeRANEe
and out-band radio systens. There is therefore a need

puaryulenplaar emerepPlsr degs UWE exdihito bandsnaithedihsherrefesistics for the

gjfl : é{t?wokxlg@@laﬁce %@1 e&ﬁﬁn% i Y Eﬁlﬂou‘\t%%d&ﬂhio systems.

clency an educing Inte rence
There is therefore a need for an antenna for a UWB radio system which is

dimensionally small and for improving system efficiency and reducing interference

with existing radio systems.

Summary

Embodiments of the invention are disclosed hereinafter for UWB applications having
a small dimensional size for improving system efficiency and for reducing
interference with existing radio systems. In particular, an electrical load is positioned

in proximity to a feed to provide a bandwidth spectrum with a specified notched band.

In accordance with one aspect of the invention, there is disclosed an antenna for ultra-
wideband applications, the antenna comprising a radiating element for transmitting

and receiving communication signals. A load and a feed are connectable to the
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with existing radio systens. Summary Enbodi nents of
the invention are di sclosed hereinafter for UAB

wWa@ppbkios®si ons having a snall di nensional size PGI/SG2004/000381

i mprovi ng system efficiency and for reducing
interference with existing radi o systens. In
particular, an electri cal |bad is positioned in
proxinmty to a feed to provide a bandw dth spectrum

Widtain@ s3fegi firRd tHaeteh aeedddsidg dpacadC epurt aree the tlhado e a
aspect of the invention, there is disclosed, an antenn

pl@iﬂetmn?e&vqlﬂ%sn dhe pdiating plRmAY is ¢ RN PR NI oS ch

&nd Rl ahd R GSEMBRMiAISY onk @ ARNBot diftal té{ﬁiﬁnﬂ%ﬁﬂg\ﬂoﬁﬂ:cted to
communi cation signals. A load and a_feed

ewnefelbe & &op sndsetheiplandr A@peqnéﬁb%?tham@stﬂlhfﬁfrnmﬂéfftlé%@ad
eﬂgth‘épéﬁﬁ %aﬁmﬁé felell A de'dqgidcogﬂe(ﬁmg A (ﬁf g%lﬁﬁglg and

| stance. he rad |at|ng e ment 1s a anar
hmthm cpdiafing femntsrﬂa@ twi Histal tgenainleps thevl@adjlp@t%paced apart by a

%%ﬁ&%@rﬁ%e?se@ﬂ&o%f the two distal term nal being

onnec one of the two free ends of the planar

| oop and the other distal term nal of the | oad and
I of th d

grbﬁcr?g tancha W oa%og}éeroagpecf 8{1 ﬁl 1%\%{1&‘0110 196\{é ?shascflgsre% ar{l?ﬂrll%d for

edbreigetihg aﬂ' Iaﬂtemvmfodltﬁlfea\lwdEImnMappﬂﬁcamﬁnst ke rhethdd benpriping the

ace rt by a.. ned separati.on
SBaC AR 1 FroiBE R Rl B PP SO0t Do rerapes
H;ﬁe B}V(Sﬁéeg&%ﬁ ala% doRhdrablefton lcﬁaﬂmﬁdﬁ] | lﬂé‘eldnghﬁamam eadand the feed
ul tra-w deba ations, the .nmeth ng .t he
s BriomRoY; AL e R ARA E Rip B BRaRY APOT TG R e par
SREME RliARE eloWRni ik SutieMA®tiTivas bavRedd B 1028 d5d fAE Eeed.
connectable to a | oad and a feed, wherein the | oad and

the feed each has a term nal connectable to one of

g;rrgpﬁggcpgtl@ﬁqupm,ﬂgg radi ati ng el ement and the
radiating elenment 1S spatially continuous between the

E@ﬂwdlawatspﬁ dherigeationpre descpibecinidpteil dareimites wifl yeggence to the
hof the invention are described in detail
her ei a ter wWith reference to the

Figs. 1A and 1B are schematic views of a monopole and a dipole respectively

according to a first embodiment of the invention having annular radiating elements;

Fig. 2 is a plot showing impedance matching and transfer function characteristics of

the monopole of Fig. 1A;

Figs. 3A and 3B are schematic views of a monopole and a dipole respectively
according to a second embodiment of the invention having block shape radiating

elements; and

Figs. 4A and 4B are schematic views of a monopole and a dipole respectively
according to a third embodiment of the invention having semi-annular radiating

elements.
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draw ngs, in which: Figs. IA and IB are schematic
views of a nonopol e and a di pole respectively

waewonsionyg to a first enbodi nent of the i nvent PGISG2004/000381

havi ng annul ar radi ating elenents; Fig. 2 is a plot
showi ng i npedance matching and transfer function
characteristics of the nonopole of Fig. IA, Figs. 3A
and 3B are schematic views of a nonopole and a dipol e
beanefbeNBbromccording to a second enbodi nent of the

I nvention having bl ock shape radiatjng el erents: and
iiggsrefagnea g tgs Qxpinse ABIFP G0 BB FISIonA, &8l dompire-

FidbpR! BUWRS Peplitaehy BCk@hE thJerifbdandnl of @EDAMKNNBMare
of the rnvention having sem -annul ar radiating

disdensitfer Denraying @y etfigiency pndyredicings iglelpieace yithfgisting

1AM antennas that are di nensionall mal | f
3R 5}&3 y s or
%|t$QMA &band (UMB) applications according to

enbodi nents of the invention are disclosed for

i V] f4f 1:CJ . ' '
B L i
pepbeds fThesed esivgmiang]l andthiBs almtve niiraitévavepeveeruil yystem

been proposed. .Th convent | I t limted
PP OLtambcton LB ey e RO iR g \OE: |
totiventfoaslanakodaiof Bestniirgf thej W ditenns yeggests. ne@l foedarge antenna
éonventional met hods of designing the UWB ant enna
9E8ES a need for |arge antenna di nensions. For

pur poses of brevity and clarity, the description of

the invention is limted herejnafter to WB . . .
Eorp Prpgics g sbre i and), rihg SEETIREPn ﬁ& by jjgntion is limited
sabRidras ttswBfapp Ratibiky enhis abwéer dedshr pedoRkde eaibbéifsnts of
that require sim| ar, operating performnce as the

the invention for other applications that requiré similar operating performance as the
UWB applications. The functional principles fundamental to the embodiments of the

invention remain the same throughout the various embodiments.

In the detailed description provided hereinafter and illustrations provided in Figs. 1A
to 1B and 3A to 4B of the drawings, like elements are identified with like reference

numerals.

Embodiments of the invention are described in greater detail hereinafter for an

antenna for ultra-wide band (UWB) applications.

Fig. 1A shows the geometry of an antenna 100 according to a first embodiment of the
invention for UWB applications. The antenna 100 is a monopole having a radiating
element 102 with a center opening for transmitting and receiving communication
signals to and from another antenna. The antenna 100 is preferably planar and
fabricated monolithically on a substrate, such as a printed circuit board (PCB) or an
integrated circuit (IC) chip. The communication signals comprise pulse signals having

a bandwidth of a few gigahertz (GHz).
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UWB applications. The functional principles
fundanental to the enbodi nents of the invention remain

WO b@essuwel t hr oughout the various enbodi ments. PCT/BGE04/000381

detai |l ed description provided hereinafter and
illustrations provided in Figs. |Ato IB and 3A to 4B
of the drawi ngs, |ike el emefits are identified with

i ke reference numerals. Enbodi ments of the invention

The rARSRE| datknt N0 ieRbBEd dethaishagResfeinnainuRE 160pl whbrein the
antenna for ultra-w de band '

(UMB) applications g.
P dORP St Gsietdyhag et émsfawe%ﬂapws i@éof(lﬁ- nﬁfwt genipr
bhdngls eMpOdhdBRMy Mmdnh€od Mvgeket B hiulatMBI concentric with the
applications. The antenna_100 is a nonopol e havi n%o?nthev

Fasefitiag elegent Kie fiworybstotiely naralial disp cedselPnby O exfend
gfri]cgﬂfﬁﬂbﬁst 10891 BN 8GRIy 0P the %Wb&a&\b%%&% gﬁ%tﬁtelt &bening

rom anot her anternna. The antenna
pf 8fardibling gemerdrl0andhe sisienden & Wiﬁﬂotlmttwpcfmel apdy a0 110
¢ | :
PHPRLEah & RURDe B Ehete Sl on RN sty g poRlondilo
giegopataging dregudnsye of thesatenhg he). s Spewificaliy,dhéd tamghnithit bizopf the
few gi gahert z radi-at i S
PR PHFhg R 3L bR B, B TP g S0, The
amoutast Exaapionsofthe twloofred eadyd 10fasl 18t albce affects W emmbdance

ortions 104, 10 The ¢ er opening of the radiating
Erfa C&?Q%C%irﬁﬁteﬁl%lcﬁfg?é‘wgﬂa@%hnuI ar and concentric with

the radiating el enent 102. Two substantially parall el

G D5a0 R b S 33 ROE 5 i e

SRIALBMIORE BistABee0f ahdBaidthied! thétgthRughantl Gitba. thd Nigitations of
extension for which the two free ends 108, 11Q exten

cowralinge dREnsions ¢ fuineg e fabrisatiany of hibe apMemmar 1PGofhe dirst

ipfb‘d@t%ﬁﬁhé’d REQARE t %QE‘ AarhBlyt BeRRBIALhNY FivQ0YeNS¥medt for
he antenna 100. Specificall the larger the size of

ftneedenceanairiiing €6 e asisari $0G: oﬁiéthis engfipdragnt af the invention,

CAHE HENeRminbP JRBLEN s 100k ralReod Y NimiRll. BXAgpRsdiRitel
fct#e tﬁe%t vvg ;Hruee engis 1 8,81151}10raailglso af f eértus t he i o
iOrfpogadberadiating element 102 is dimensionally dependable on an inner radius r;

and an outer radius #; and has a substantially uniform width of r; - r; therethroughout
the annular loop. The outer radius r; is preferably approximately 7.5mm. The
radiating element 102 is preferably fabricated with conductive material, for example

coppet.

An electrical load 112 having a first and second terminal has one of the first and
second terminal connected to the free end 108 of the radiating element 102, The
electrical load 112 can be a passive or active element for providing a resistive or
reactive loading, depending on other elements used for forming the antenna 100. The

other of the first and second terminal of the electrical load 112 is connected to ground
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mat chi ng characteristic of the antenna 100. The end
portions 104, 106 and the two free ends 108, 110 are

wapaecesioapart by a first predeterm ned di st anceCTSGEd4/000381

mai nt ai ned t heret hroughout. G ven the limtations of
control ling dinmensions during the fabrication of the
antenna 100, the first pred%ternined distance g is
vari ably dependabl e on a given requirenent for

{ARSARRA 1B Y E0 N 10diatdbe ARe Mv8is LOGhecthBle kdWn gfduhd glane

enbodi ment of the invention, the first predetermne
bidstheoveh the ¢lectpeabiaad dB R yoformingta mprapoled Ths transmission and

%Bﬁgfaé? fﬁﬂ!‘:ﬁn;{mg- SMile Thend:2db@til NAu8lRIRNM inddendest of the
I y

t
nsi ona ependabl e on"an inner radius r and an
ourngation heliwgen fhe 2adgating lkekesient Wlesd dhetdrainidylanaillr Fhepdeing

f.V2 = ri_thergth at. . r
Rl st LA 8 ARk PP 54
defthieat isa@né lpexietetmibOPR disengr ef Ehakdcynd plodéteratiesd distetdve s is

ond ive . mat.erial, r ex l.e er,.An tLi
Do AT G o/ B SRAPERGHECTER WaN-BhER ko
tivembl. r For axdnS€coina i epuriinglloadois need, el tsecont erédeteemined
Snd 108 ,of the adiaL&$g elenegt 102, . The electrhcal d
BaB°e1 135 CaR b T PR 4y St VR BPEIRIPT fppsct Seeon
Preadth:@ingl dstiiRs b Stdeyénderit oharcdimessidrostdha\thip fsipendi ng
on other elenents used for form ng the antenna 100.
The other of the first and second term nal of the

&l 86d 116! cohiR3@d hilénd ©rnGifANE eHeflel hd AN 06 ehel radiatingy édéthicht
| ane 114. The radiating elenent 102 is connectable to

OFe foy rtesuFfarise o eommumickion ggnatsre thy anteopdQP- (Thsdee b6 is

%}%Eecf Qa0 G e BRPPO 6 thd PRstlpi AREMhHSI ARtANs " T6E Rl A6
unctionality of the antenna 100 is substantially

pardbpéntieerd of untnianend; ansk aravisies BEeweENs eureent 4Qitha radipting
I T CJ

R P, O Y| RO SRR DGr
ahdistchmegied tngtopldanethe grpudé planetlda second

predeterm ned di stance s . The second predet epni ned
di stance s i s dependabl e on the dinension of the
ghe cdnfigemtion oftle latitiag dlemsntpi0d fianilithies thk efidinmentaf broadband

capabilities, which is dependable on the physical geometry of the antenna 100.
During the operation of the antenna 100, the electrical load 112 and the feed 116 each
carries an alternating current that is out-of-phase from one another. Superposition of
signal radiation generated from the electrical load 112 and the feed 116 causes
cancellation of the radiation at a particular frequency region of the operating
bandwidth of the antenna 100. This is because the electrical load 112 and the feed

116 are in proximity to each other and are carrying out-of-phase alternating currents.

In Fig. 1B, a dipole 1000 of the first embodiment of the invention is formed by
connecting another radiating element 118 to the electrical load 112 and feed 116 of
the radiating element 102 in place of the ground plane 114. The feed 116 preferably
has a differential feeding structure for providing both the radiating elements 102, 108
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m ni mal . For exanple, when a shorting |oad is used,
the second predeterm ned distance s is zero. \Wen a

wO eovp/05498d, such as a chip resistor is used, SBPCDRG2004/000381

predete pnined distance s is dependent on the

di mension of the chip resistor. A feed 116 is
connected at one termnal to® the free end 110 of the
radi ati ng el ement 102 for transferring of

GANOMRNEAhAORe SItERAAGSly sEnildh & ARGENAS mé)oth&h@dlﬁtﬁ@cuelﬂ&t
I's spaced apart fromthe |oad 112 by fir

iblr8e1d stlestantinle smmetEprl do ghe wwétlrfgefé%}n@eliéo% arthp élp@éﬂ HI98 digs

%%ﬂﬂ&%gcﬁmct&fs%ag%aa{ehﬁermt.l ng current to the
| Ing elenent 102 for the generation of nodul at ed

i mpul ses. The other termnal of the feed 116 is

%1%2? ?éé %1] %gclpil G4 ?H\Qﬂ m\éhﬁl Cf:tdha%,d gﬁrﬂtﬂf}gd Pés@fb@ul@slo‘!f thér Iﬂﬁpedance

lon O e radiating el enent 102 facilitates
tlaehiag taad ruaesfer ﬁlhcttmaéndlbemnlstlcapé@]ﬁlamtemas,lomf Eig. 14. An

16181? A %?Jlr In{,l]a I%cﬁt stlllgwgi' %?4112@ lthegﬁgﬁ:fog% t(@lﬁeﬁsﬂ)i‘xa %@ t ttﬁﬂ ggdiating

elemeiitrioe Ehlut muxhdlt]tnrzelactdcdi hed f1é2 atotir6ted dladnete ay alsemeznred

Iternatln current . that js out

Bor EiD 0B BT | (b rdseghibie P B Rr o RSy gf, e
Eﬁt@rmatﬂoe aed ﬁﬁﬁl[alteﬁladndl madurdd avarademebefndemﬂﬂi ﬂy(ﬁthcaaﬁuemmcy
cancel |l ati on qf EZFﬁgiation at a particul ar
FAgR RiARRIPXFRYFIY A 1 operating bandwi dth of the
antenna 100. This is because the el ectrical |oad 112
and the feed 116 are in pr to each F
Ahe mearrsd apd simulged 5?%%9“?1? hio T ARteRI | 18 Being Yl
Fla@hed Bapedarte Rﬁ’c{t&ln#)@ﬂra‘éfenﬁtl@thfdu@ﬁdut ebRstjusiytrafide dfheto
|nvent|on is formed by connecting another radiating
é2ekEnt 118 to the electrical load 112 and feed 116 of
the radiating el enent 102 in place of the ground pl ane
114. The feed 116 preferably has a differentia
fTee ttinséer @mu@m elrgactesistiqsy woiedperifideBy Metffeauengyiresponsg of the
elenen r t e| subst-ant
&R, | A drzmtehenlrglma} o S rge‘prrgérga Iati 11% EI eﬁﬁegni{rédf%%
Ir@pémb sf a:atanahhayl(mymmmtohad bdnd at e lmaeh fadquergy ehregaifi the

iﬁé]?’ é’&?‘g’Y S@tp thg q}o o 232 SCHSS !élﬁmh !gﬁaf)rilﬁgte LaNS&r antenna.  The

notched band facilitates the preclusion of interference with other existing radio

system and is preferably alterable for specific regulatory requirements. The
alteration is achievable by modifying the physical dimensions such as the first

predetermined distance g of the antenna 100.

In this first embodiment of the invention, the notched band appears near a lower
bandwidth edge of approximately 3.1GHz. The notched band may be altered to
appear in other desired frequency range such as 5 to 6 GHz while maintaining the
frequency response of the antenna 100 for complying with other regulatory
requirements. Additionally, the frequency response of the antenna 100 is modifiable

by changing at least one of the inner radius r; and the outer radius .
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Fig. 2 is a graph that shows neasured and sinul ated
test results of the inpedance matching and transfer

WO a0ve054981 char acteri stics of the antenna 100 oPCFBG2004/000381

I A An annul ar antenna (not shown) having the sane

| oop di nensions as the radiating elenment 102 but

wi thout the electrical |oad”112 connected thereto is
al so neasured for conpari son purposes. The inpedance

W CIN R8d 3BdsHokvARSEdndl sGSdiREht ff thenRREGNAR HOGordl 6f a
simul at ed and neasured over a UMB bandwi dth with a

frromepit 390 #eirieo1 POyispresiivelt eThe radipng gdempsts 363,806 in the
TEARY éﬁﬁo&ﬁ&lt%rmellﬁkﬁﬁo dﬁﬁ)t 30083 4d geoﬁiaaws bP£LRBE-8RBE 100p
aving a wel | matche npedance” mat chi n

@h&r abloek-skape center epsghnsut Thehradiating) glemeyts r%)gg 804 performothe
nctloﬂr{]lﬁl ta&é’[l fvg rsn{ﬂi‘ﬁc Hlp%aarﬁ;g arﬁ?c%u?é El' Gatstel HMuftction

spec I ca requency response, the antenna

thfGacerdticsre teenfirstl carbod meahofhaingentiopl 86,d00@d by | S21

1. The frequency response of the antenna 100 has a

not ched band at the | ower frequency range of the UWNB

Fandwi zitl AB shbw s thind ednbellitnemtdf ithze inmltiapimahefdrqufra thé@pole

D05 QLaiBRe S eentr RO nRdeh PRRTiar tabR Fb, DL aregomi

&yﬁﬂ:ﬁﬂb@j’ﬂ dvittSsepii@h@ilabdeyteRbpedirgd | Smilar tospe sdcbhd embodiment

ulato qui rene alte tion js hj eyabl e

e R R o it st e g tion 400, 4eB0 Bpirms
m{easdﬁlte eﬁml&%tﬂa@tm 66mparatile Inli}ﬁ:dﬁﬁé RAInkQRAd tdaRstbhfufiction
first enmbodi rent of the invention, the notched band

Spasestrristicrens thesfinsirpphod magnd of the vertiga 189: 188%r oxi mat el y
3.1GHz. The notched band nay be altered to appear in

ot her desired frequen range such as 5 to 6 Giz while
AP nYagiops r?gibpﬁ‘@eﬂ?seaﬁéli)*/ﬁ:ymfeé%%b e Sgifablen dora At widlgarangp of
Ag;gmaeaﬂgl uﬂ ds Wz@ vAtREE cdrfatiliahieh Yysih! #}BMH?J‘UWB devices

Itionally, e frequency response of the antenna
2od other m)@mﬁqargﬁlﬁc@omc systems that require antennas for UWB applications.

The embodiments of the invention may be applied advantageously to portable UWB
systems that require preclusion of interference with other existing communication
systems that operates in specific bandwidths. The small physical dimension of the
antenna 100 reduces power consumption and has a well-matched broadband
capability. Collectively, this results in achieving a UWB radio system having lower
power consumption, higher system efficiency and compliant to regulatory

requirements.

In the foregoing manner, an antenna having notch band characteristics for UWB
applications is disclosed. Although only a number of embodiments of the invention
are disclosed, it becomes apparent to one skilled in the art in view of this disclosure
that numerous changes and/or modification can be made without departing from the

scope and spirit of the invention. For example, the radiating elements may be

constructed from conductive materials in other geometrical forms, such as ellipses,



by changing at | east one of the inner radius r and the
outer radius t'2.Fig. 3A and 3B show a second

wentwdsimsnt of the invention in the formof a ROMSEENE/000381
300 and di pol e 3000 respectively. The radiating
el ements 302, 306 in the second enbodi nent of the
i nvention 300, 3000 have géHhetrles of a bl ock-shape
| oop with a bl ock-shape center opening. The radiating
& RERE Irdly30rs ordMulpe EfcofiRuIt1BRTs SRiyEbef ithplohicaRalusinyg pagiehe or
have sim | ar inpedance matchi ng and transfer functlon

Pl ABTEH ISR n Q81 oA GPoEREOBRRRIAE it (e fred may be
buAdRl |2 Rnfflfhced ORPendhd on 4 @s@%f%@th@ﬁ@%p%lé bi Jfn‘énopole for

enbodi nent of the invention in the formof a nonopol e
4@®mun@mbn@n%@mé 4000 respectively, wherein the

radi ati ng el enents 402, 404 are sem annul ar | oops with
sem -annul ar center opening. Simlar to the second
enbodi nent of the invention 300, 3000, the third
enbodi nent of the invention 400, 4000 perforns the
sane functionality and has conparabl e i npedance

mat chi ng and transfer function characteristics as the
first enbodi nent of the invention 100, 1000. The
various enbodi nents of the invention are suitable for
a w de range of applications, such as UAB w rel ess
comuni cation systens, portable UAB devi ces and ot her
consuner electronic systens that require antennas for
UVB applications. The enbodi nents of the invention nmay
be applied advantageously to portable UAB systens that
require preclusion of interference with other existing
comuni cation systens that operates in specific
bandw dt hs. The smal | physical dinension of the
antenna 100 reduces power consunption and has a
wel | - mat ched broadband capability. Collectively, this
results in achieving a UAB radi o system havi ng | ower
power consunption, higher systemefficiency and
conpliant to regulatory requirenents. In the foregoing
manner, an antenna havi ng notch band characteristics
for UWB
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wapanssito one skilled in the art

applications is disclosed. Al though only a nunber of
enbodi nents of the invention are disclosed, it becones

di scl osure that nunerous changes and/or nodification

can be made w thout departing fromthe scope and

thrit of the invention. Fo}lexanple, the radiating
lgmsnt s may be constructed from conductive materials

in other geonetrical forms, such as

el lipses,triangles, polygons or annuli. Electrica

lloadsAraptenr fPhyfrarnddrbapd wpiipaiiopsn dsiapienes cogyisipg:

Ci r cub taq@hiREeRbnent Br RIdRtilLar il Rlvihg RN BoMBESN; Ng

and the feed na{ be bal anced or unbal anced, dependi ng

on t he lepdecoprectabientorthe raligsior eleatentriifoload dating adirstciameinal

'aﬁ@%i CERY t@ﬁhiﬁﬂ'bgn@ s%t&ﬁal@qdiﬁﬂttg ﬁﬁ&ﬁrgt%mﬁﬂatl',raﬁdw deband

applications, the~antenna conprising: a radiating

el eneatfeefldaving arfemiinal icagneaiable e dwi redipignecdementi thatéed rbeing
i.gn X 3 iating el ement,

t§ ha%e?%%at fﬁoéj%/?l%goag%? :lﬁé‘r%tapt?éedr%}%&%lgwglﬁ 1%%’ second term nal

bei ngwherbmt theiradadting ethingtmalis 4 platdndodp havingt atrleashadq freeends

a ed havi a ternmnal connect e the radiatin
B BE ot Yool SRR ru RO R BONE o4 b SodoRe i) of
ahe losdbeify amaé@sdiornad od iigttandee endseif ehenplidae ldopdind tthengher

el.enept is.a planar.|po aving at |least two free ends
S Rt phaehud Mo e Yol ey TRt o, B8 JER Bre
pRevidet rf&:j connetting Q@fﬂﬁe be gﬂ@ﬁﬁtﬁﬂflgsarﬂf anbgler fa?ﬁ&iqu@ eielﬁﬁnt, and the
connected to one of the two free ends of the planar |
%59 stisiad deHR D oh e éffagt rangs PRactd apegt R @origeqner PREfRgrENined
Qfstdnbe | oad and another termnal of the feed are

provi ded for connecting to one of grounding and

anot her radiating elenent, and the two distal

ber m 0hd $qt8fha o BlalR 3dwhELA ISRAG Y 1RIALE anB Yse@nd 8GRMIs of
predeterm ned di stance. 2. The antenna of claim]1,
wikedpasd andianethertterarinad of thy dectljaresqonpgstpd e anstiepr rashiating glement
the | oad and another term nal of the feed are

connected to another radiating el enent.
3. The antenna of claim 2, wherein the radiating element and the other radiating

element are substantially symmetrical.

4. The antenna of claim 1, wherein the radiating element is annular,
5. The antenna of claim 4, wherein the radiating element has a center opening.
6. The antenna of claim 5, wherein the center opening is annular and concentric

with the radiating element.

7. The antenna of claim 1, wherein the radiating element is spatially continuous

between the load and the feed.

8. The antenna of claim 1, wherein the radiating element is laid on a substrate.

in view of P€TY862004/000381
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3. The antenna of claim2, wherein the radiating
el ement and the other radiating el enent are

wedpsoseesi al | y synmetrical. 4. The antenna of BCEHBG2004/000381

wherein the radiating element is annular. 5. The
antenna of claim4, wherein the radiating el enent has
a center opening. 6. The antenna of claimb5, wherein
the center opening is annular and concentric with the

vadi athd i€ BBSlhim 7.whERe @P1RA RBonelof &s@iive shd rRar&i n

the radiating elenent is spatially continuous between

the | oad and the feed. 8. The antenna of claim]1,
wher efrie diéink 88lbiakd NGyHRlABOloall & dnBlofbihcBd and unbalanced.
substrate. 9. The antenna of claim1, wherein the |oad
is one of resistive and reactive. 10. The antenna of

Gh a1 ke ok BF akl'e WiRAM hE uRBRa Y mbalificed and
unbalanced 11 e antenna of claim1l1l, wherein the
antenna i s nonollthlc 12. The antenna of claim1,

ere
A ot by’ GUUBREY, HEBANGE Sluchbf r@PLERNT 8 antonna s
charevtgisedhby @bandh@tqhalﬁirgtailtﬂgble b dmmnsmli@of tlewedatmgeimaent
of claim 12, wherein the bandw dth of the frequency
response of the antenna i s maintained during formation
dB. t h€hdanemaof clhim 12L whekedn the themdvadihfof cheafrequincywhsioaserof

et B el e & ot PR e o1 1 ¢ he

second predet epni ned dlstance i s dependabl e on the

JA " an bR U el RBRRD ApILraPRAFEIERE SRR

GppPLiinsteRQ.§ Rellisleeps of 1 providing a radiating el enent
having a center opening and two free ends; providing a
| oad having a term nal connectable to one of the two

fisee eRdSntenna of claim 1, wherein the second predetermined distance is

dependable on the dimensions of the load.

16. A method for configuring an antenna for ultra-wideband applications, the
method comprising the steps of:

providing a radiating element having a center opening and two free ends;

providing a load having a terminal connectable to one of the two free ends;
and

providing a feed having a terminal connectable to the other of the two free
ends;

wherein each of the load and the feed has another terminal connectable to one
of grounding and another radiating element and the radiating element is spatially

continuous between the load and the feed.

17.  The method of claim 16, wherein the radiating element is substantially annular

and connected to ground for forming a monopole.



and providing a feed having a term nal connectable to
the other of the two free ends; wherein each of the

wo o@d/0s49d1 t he feed has anot her term nal connecpebbe2004000381
one of groundi ng and another radiating el ement and the
radi ating element is spatially continuous between the
l oad and the feed. 17. The hethod of claim 16, wherein
the radiating elenent is substantially annular and

c@NNeghe thethdd O 01RH 160%hdrOih @h&%f@hm&p@hﬁnﬁ of #f380ad and
met hod of claim 16, wherein each of the ot her

tfeqdri$ praInectesk to phethergadiatinacldmsatiior Srmingrctipdel t o anot her
radi ating elenment for formng a dipole. 19. The nethod
of claim 18, wherein the feed is differential. 20. The
nét hodhomethbd phelaigl 1 8amdewinthe feed isaiffeaertin el enent and

the another radiating el enent are substantially

symetri cal .
20.  The method of claim 16, wherein the radiating element and the another

radiating element are substantially symmetrical.



