WD 2006/ 082577 PCT/1L2006/ 000107 -1- Fractal dipole
antenna FIELD OF THE | NVENTI ON The present invention

r erally to antennas, and in particular, to

f f‘ggk(gqimgzgﬂennas. 5 BACKGROUND OF THE | NVENTRELisag0107
are many applications in which the small size of the
antennas is a desirable featuyre due to cosnetic,
security, aerodynam c and ot her reasons. There are

al so applications in which surface confonnability of

the antennas or a possibility to nmount an antenna on

a platform which is nofractsdipole pitawmer , is a 10
desirable feature. For exanple, in nobile devices

(e.g., cellular phones, PDAs, |aptops, etc), reducing
antenna's size is required since the anobunt of space
avai l able for nounting an antenna is limted. For

ant ennas nounted on airplanes, the protrusion of the
ant BIED ORYHRINVENIUONace of the plane shoul d be
mnimzed in 15 order to reduce the effect of the

ant enna 188 Rressntisvedjanarelatespgampraily i to antdnnas tadll in particular, to
antg %n%ﬁﬁmknomn in the art as solutions to
significantly reduce the antenna size, e.g., fromtwo
to four tines, wthout degenerating the perfornmance.
Mor eover, applying fractal concept to antennas can be
used to achieve multiple frequency bands and increase
FarBACKGEGROUNDOF THRINVENTIORO due to the
self-simlarity of the geonetry. Polarization and

phasi ng T8¢refara snaay applicationsin which the empldSiviehifahe The€nnas is a

sel £,z ' the antenna' s geonetry can be
SRR [hl 1Pl JobRcREPRERy e Pa 6 nd e gpesons. There
t hrapeiglisob epylicagiorsr irs M GudactUESEERnMME) 06f theV QUi or a

or i nt.%igl%um r%ggsl ots and/or holes. Typical fracta

antteRnas YalPe™BudeAr FHeH a0 & plaftprmy wWhighy is ngr (flay/pt plaphr, is a

o1 Wediddbild fehfuke. * 166166*

For example, in mobile devices (e.g., cellular phones, PDAs, laptops, etc),

reducing antenna's size is required since the amount of space available for

‘mounting an antenna is limited. For antennas mounted on airplanes, the

protrusion of the antenna beyond the surface of the plane should be minimized in
15 order to reduce the effect of the antenna on its aerodynamic properties.

Fractal antennas are known in the art as solutiéns to significantly reduce
the antenna size, e.g., from two to four times, without degenerating the
performance. Moreover, applying fractal concept to antennas can be used to
achieve multiple frequency bands and increase bandwidth of each single band

20 due to the self-similarity of the geometry. Polarization and phasing of fractal
antennas also are possible.

The self-similarity of th¢ antenna's geometry can be achieved by shaping
in a fractal fashion, either through bending or shaping a surface and/or a volume,

or introducing slots and/or holes. Typical fractal antennas are based on fractal

AR

- *166166*

: A

*G00002*




*@00002* WO 2006/ 082577 PCT/ 1 L2006/ 000107 -2- shapes
such as the Sierpinski gasket, Sierpinski carpet,

M i._patches, Mandel brot tree, Koch curve, Koch
|S\Q§%’%M@P% (see, for exanple, U S. Pat. Nos.PCT/IL2006/000107
6,127,977 and 6, 452,553 to N. Cohen). Referring to
Figs.. 1A to 1D, several examples of typical fractal
antennas 5 are illustrated. In particular, the

Tr iad] CHILVE: S 0G0 ugl: :

rmﬁ%%%? eéﬁgfril (I}s aﬂ%i ggﬁg&@ %glf:#’gg ?er&‘%\dgn%éé) %%hﬁlﬁ%\?sgl e atches,

t o Mandielbeotardee Kioah sive, KBchr isladaetpl(sse, foreexhmplyt B.©fPat. Nos.

th di pal n is reduced by a factor of 1.9,

wh r&@fﬁﬁﬁ@g“?&%ﬁﬁ% g?ﬁf’ﬁ%ﬂgt h of the regular

hal f - warefegifdoloEFiBReIAkd NP, 8évetd Q:xblﬁf&@_@? typi&dl %le@y antennas
y

The radi ation pattern of a Koch dipole is 'slight
di preidlapirated.om that of a regul ar dipole because its

fractal {di N4 .s~greater th 1. X l, e of
fractal ggﬁéla?’uc e’urTgmgf)%p S?ﬂed as gﬁ%ﬁ%%%%%n@n?mﬁgmt 2
sh mulmloipnlel-_ajng a drllliéle (see wia@ Llawlnd lle &}o oﬁdgﬁtof x’éfa@deaintdrﬁl@ §iz§. For
usual Iy, can achjeve nultiple w deband performance an

" edtRB e ennEty; of ghe Fepch gpole prispBands Eriuesthplefastor o1 1.9,
Si epp . h { oF pi .. ‘
O o g Pl P o R Rling ot the
16 oiseme dreeenhclyy Thesradiatian patigmaf adfechadipolavesliightly different from

tri l.e from in tri. | e.shape. After. the

ST 2L Ercs i pclEb Bt AP 3PR8Sjonia s Hond

struct upg, expalle @fe BettAlgrbalsiru@iire EhiBorsd 28 AftednBCelement is
original one. Such subtraction procedure is iterated
on shewsn 2 Fig 363 At wep fqupd dlept dae fragialt tigesusyaliyt ¢anachieve multiple
ca ructed through five

[ téﬁgﬁ%ﬁg?&é}gﬁ%ﬁcg%ﬁ%gﬁ%d& \?éeh?ltsaisgﬁ' of the Sierpinski ,
lgasket Egn 2 shbwsnzh erample aftaeSieapifskiir mbropoie giassds on the

TS sginsth ek sbiE 1B Gpatiel SietuirtSebies oG fiec by
Si gubtrattitE Paskell invétellr @izhale §6RAPL rhfin dAGSEIIE RASHd. Mfier the

U S. Pat. No. 6,525,691. to Varadan et al., in a paper
subtraction, three equal triangles remain on the structure, each one being half of

the size of the original one. Such subtraction procedure is iterated on the

20 remaining triangles. In this particular case, the gasket has been constructed

through ﬁve iterations, so. five-scaled version of the Sierpinski gasket can be

found on the antenna (circled regions in Fig. 1), the sniallest one being a single
triangle. ' |

The behavior of various monopole antennas based on the Sierpinski gasket

25 fractal shape is described in U.S. Pat. No. 6,525,691 to Varadan et al., in a paper

titled "On the Behavior of the Sierpinski Multiband Fractal Antenna," by C.

Puente-Baliarda, et al., IEEE Transact. Of Antennas Propagation, 1998, V. 46,

No. 4, PP. 517-524; and in a paper titled "Novel Combined Multiband Antenna

Elements Inspired on Fractal Gebmetries," by J. Soler, et al., 27" ESA Antenna

30 Workshop on Innovative Periodic Antennas: Electromagnetic Bandgap, Left-
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titled "On the Behavior of the Sierpinski Miltiband
Fractal Antenna," by C. Puente-Baliarda, et al.,

.1 EEE Transact. OF Antennas Propagation, 1998, V. 46,
No. 4, PP. 517-524; and in a paper titled "Novel
Conbi ned Mul ti band Ant enna E?pnents I nspired on

Fractal Geonetries," by J. Soler, et al., 27th ESA

| nnovati.ve. Periodic tennas;
PSS MRS R B S oUp R SR St st r ARG 04
Fantiag@lls Cam@estele SIRME \PPSBISEZS 1 1es Slikfrac@ s th8selpubMe4tidhs that
2004 Santiago.de Conpestele, Spain, PP.245-251. It is

the gerpetaed gellmimbady ppnsrtics f therfsactal structutgeare translated into it
EQRGAdnERL bathviorSit r&ds%gb&/x 1t ?lpee?{nttclélﬁ% Cl? Ea&&%dé?ﬁ%&%mely at

structure are translated into its ronagn
fehmucies. It was shown that the antenna i s natched
approximately at 5 frequencies f"X0.26-8", where c
is the speed of light insvagygfash is the height of
the largest gasket, 8 =2, and& n'a natural nunber. In

ticular, t L t f f tion in such
SRl etle fatsstdsnaniy oL oppietion Tnpen”
RS haturdd nYAbEC Y Eﬁﬂi@ﬁfaﬁl thé Wﬁ@%&@%@?ﬁ of"Bl\EerQﬂi&Pin such

known in the art. For exanple,
Bgues Fideteradngd hededeight ebtindargesteaskett hat oper at es

at tipl requen bands., .The antenna jis forned

Fr omy 1R Pt MG peelsq ERGHTE B ok Sra@EiRie U Par
KOrg)se0, et dessgbéeswidebaaTiRehalthRaipatdt@l at eRNAptRuency bands.
Each of the fractal elenents are folded in a  sane

Phecantengp i foamed fomat plaraditent fracsaliebimgnis ether easchde connected,
RALL Eitheertd PG e LR dANTNH M LIRS IR Bidefina

In e ar Trac ennas, ere |

saaecplane dfltke uttal éloementiotfben aisBRtoovtepattin.i n order to
provi de an antenna that m ght include the broad band
performance, surface conformability, and reduced

SUPIVIARS &ifTHE BYVERTON O-» 20 suitable for flush

mounting wth the external surface of a nobile

COMTBL AL R0 Bl SR AL B e
for fnthepimproeanéatt it Beleptd rovide bn anleSMN@at might include the broad
band performance, surface conformability, and reduced aperture and thickness (e.g.,
suitable for flush mounting with the external surface of a mobile communication
device), all the features in a single package.

The present invention partially eliminates disadvantages of the prior art antenna
techniques and provides a novel fractal dipole antenna that includes a pair of radiating
arms extended from and coupled to a feeding terminal. The radiating arms are
oppositely directed along a central antenna's axis. At least a portion of each radiating
arm has a fractal geometric shape. At least one pair of electrical shunts are arranged
for connecting at least two points selected within the fractal portion of one radiating

arm to two points selected within the fractal



techni ques and provides a novel fractal dipole antenna
that includes a pair of radiating arnms extended from

a to a feeding termnal. The radiatjng a ’
a:\gog@ B S5 amcgﬂmoeéoumm

oppositely directed along a central
axis. At least a portion of each radiating armhas a
fractal geonetric shape. At +édast one pair of
el ectrical shunts are arranged for connecting at

| egsktid\ef RIS SraSiBHiRE bt drieBhdhdidpdy. (T akdad be Qﬁlﬁél@t!’cbod that

of one radiating armto two points selected with
t hehe tegey ‘Gvitten thpfadebreges 7yt /thLoggbwtdb@ pofﬁent@pphcatlon

t di.pgl
P oy, also A8 Afthat R Bip” For CRRBERPML DG pbined ban be
f r aseteaiedmrdpp adite adped ofzhel fhttalopytionst oftdaeh radésimp tarm relative to

le cati . inplies also the fractal portion's edges.
%S‘(%{Wﬂ %’“Sthe two points can be selected on

OppOSI t &8ss @f art BAbddiachbf DRIPrbRAS ifen®RL fhe two radlatmg
radiating armrelative to 5 the central axis.

Ac comd iarrpeut roaa eetisdiieptenfta copdudiize praseréaht Therplesitigabshunts can
the,d {aagf a&lr? r ot%ﬁﬁ?arﬁsﬁs%cfr% e Tty Sr%' Jteﬁaﬁheet of

‘a con UC Ive m rlca S s Can be

formed @fccardnig ® aotiedr heiibogghént sufthe rptresegt moationl thecantenna
materjals. According to anot her enbodi nent of the

Br VERET CAMBHSSS of, SUDHERLS iden 8T 2 dopeandHeivee aw&a% edhe, two
SubshiLah £ aRdse %rnﬁ*drb@ réqgﬁg e EbIY(ﬁ‘ch% ﬁl’éfe?ilal 0 ?m%"i@ least one

radiating arns are forne s a layer of conductive
mat serfacd Oﬁvth¢ Isylbstglt‘atInl sEht 2 onge, tbmrfmtaé dypole remtenna can, for

substrate a cas £ ant.enn

o ekl be plaBeo 2u G2 Sundel pERES ot 1R A Y Whlucting
prig %'@doxfétlﬁfﬁlgl the tsaﬁbcfa gf g suﬁs@ﬁ@dﬂdﬁtben&chédaﬁbefonn a radlatmg
over the surface of the substrate can be etched

tfo ﬁ%ﬁ% apey8f Hhej 13giating pFmE tlterasiyshy: Sepesiéen kahnigyss pan be
I@Hdefo ?)gllrn @k Yrach Q:%ﬁﬂ&c'h@@ l%s%g hﬁlbéﬂf@iﬁgé?ﬂnebﬁvo electrical

en'p edto mthe fractal con tive
Ac cshudisrogh e fotmeed anstép=eof 7 layed of csdmdnctsveaaaieﬁd drepgedon the

on S8R ek ne substrate, According (o an

embodi medcofding N6 B egEBddimente6f i BB, plebént f nd6iitadn, the fractal

20 geometric shape of the radiating arms isa Sierpinski gasket. An iteration ratio of
self-similarity of the fractal geometric shape can be higher than 2. In such a case,
the feeding terminal is arranged at the apex of each triangular Sierpinski gasket
portion. In turn, the two points can, for example, be selected at vertices at the
base of each triangular Sierpinski gasket portion. |

25 The antenna further includes a balun arranged at the feeding terminal that
implies impedance transformation and configured for coupling the radiating arms
to a coaxial cable to provide a balanced feed. Preferably, an impedance of the
radiating arms is matched to the impedance of the coaxial cable. According to
one embodiment of the invention, the balun comprises a first layer of conductive

30 material and a second layer of conductive material arranged on first and second

At rarrAMmM T N



20 geonetric shape of the radiating arns is a

Si er pi nski gasket. An iteration ratio of

S St m ity of the fractal geonetric shape_can be
h?ﬁﬁé@kﬂhéﬂyz. In such a case, the feeding tR&fH-p4g/000107
Is arranged at the apex of each triangul ar Sierpinsk
gasket portion. In turn, the5stwo points can, for

exanpl e, be selected at vertices at the base of each

t 1 i stdvg W @nofbRPERE b @RS brrBPbhHiABly. EéchTmla@ﬁgég Wtlndes a
further includes a balun arranged at the feedin

t erifi9R stiRaAnd 7 ifide azipi dbedanew andawiseostrips hawe progtimal and

B L o L T Y ——

an dtired direprokindl ends. aBacht Aap@wWASHD ib Soufléd sl fde@pbif€of the
i_mpedance .of the.coaxial .cable. According to one

EntSOHCTRAINgrafiftog ARt itowroximel erd erl Kothsriomespaading wide
firssip lofyiee saineCORMUG VY Ryd0 viFah &f gg%glpla?tz &%gﬂgjstal ends.

| ayer of conductive material arrang
s edtardNE R0tE/ WErgzeraf e iR0OBIB) 0k FATos-stsp dEthedirstdayer

oS PaGch YenaUb e b ip EF HeSRERE e it st the
narsecmddaytr v sheitivhed peerfieawidersay ofthe 8AE 1ayei. St al ends

W th respect to the radiating anus. The w de strips
Yre coupPed™epnagtHe mewst yentionehss Brwkphilic advestages of the

EaGhiopash | RuHi j the .5
CosBaM L i SEMBE o RO ol e
t haogoallesspematedtherivdth. strip of the sanme conductive

| ayer vi bridgi ng.strip at their djstal ends.
Accor di Irl{ge ?réte%al %08%1&35# PSP HECRYReIRi IgNe opproad band
‘nampefotsince [in Qhe Rgudrcy %néeaﬁﬁ{vhidhscdﬁQ%t%anp GhteRER 82 Rsent

the wi.de strip of the second |ayer and the narrow

St ﬁ?‘#lglfh%peg@gaﬁ@q ayer is positioned over the w de
strip ofthé heitduhnb Sicch " T t: . of _t he .
present invention Cﬁagyxgang/]tg? ]%}Esee%gd@gn%ggegla%fbﬁi feasily and
pr ieSiiciently mamifavtuyed Spr evhidpte, by usihg prieredirguio wehgiqidsng

Cher ew (e stgBEAYRREE R s HuroRl iediie o ihdable and relible

I neemtietiolzcan have one broad band performance in the
frequency range in which conventjonal antennas
P epr esehb® AeAHACErANg tpHiedsessat insentionaray be mounted flush with

the surface of a mounting platform.

The antenna according to the present invention may be relatively thin in
order to be inset in the skin of a mounting platform without creating a deep cavity
therein.

25 The antenna according to the present invention may be readily conformed
to complexly shaped surfaces and contours of a mounting platform. In paxﬁcular,
it can be readily conformable to an airframe or other structures.

The antenna according to the present invention may have a low

manufacturing cost.
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The antenna according to the present invention may be
easily and efficiently manufactured, for exanple, by
using printed circuit techni qgues. The antenna
according to the present invention is of durable and
reliable construction. 20 The. antenna according to
the present invention may be nounted flush with the

surface of a nounti.n | atf orm The_.ant enng.accar di .
Lo t hd™ SHBEER: aoRAiRg ICanegrd et PLME pEiRysRbipp, thefe is
YrSGled Pdip6lel A&Pha cOmpAGngki N of a mounting platform

W thout creating a deep cavity therein. 25 The

ant enrepasic @papHitgly diredtes npdieiegarmsmoapled o a degdingeterminal and
readi,l y,conforned t | exl h rfac d .
SO SRR 5 PR e O B AR i

Gedetdd gedre@dlc shapepaidr mabl e to an airfrane or ot her
structures. The antenna according to the present .

i nventat kastipig PR PEClsCrigsy Shmiheﬁrs% iffgcanpegting agleagtgwo points
TR F R0 bR ot AR RRR cofbodeBinBly 3o points
ceoleptet svithin the fixatal poftioap asothel mdidiingated r adi ati ng

ar ns couphgd to a _feedin ternipg% and .extende% i :

t her efASRTARS IR pnRthes genesfl Rl of the presgrtinyentign, thesg igprovided

SR cidficalel 19 cBMPYiBRY laf dnRnnthhf REkudés: geomet ri c
shape; and at | east one pair of electrical shunts

conf i qupagidoffappositeindicedtetradiatihg amns conpleddd atfeeding terminal and

sel ect wi.thin the fractal rtion of gne.radiatin .
ierdef Pl S orbahE abRhn & Pouln e el M pevine o
ffeR6d @borR@FitisRipephn@not her radiating arm According to

anot her general aspect of the present inventjon, there

i s pr d¥ieeiene poirof clspiaiselsbinte configuesd febeamnpaingat teast two points

SIS B PR 0 Bl RSt g o i

exke&deﬂﬂﬁmﬁmdhmuﬂmgﬁﬁmgﬁanmhmnaéhﬁagasm at | east a

Sg:):r;et egﬁlgq%g% Ejr{hgﬂ%a%t éon n%é 2 balan Ia.Inrgngaed a]; {h%%ée%gng terminal and
configured for coupling said pair of oppositely directed radiating arms to a coaxial cable
to provide a balanced feed.

Examples of the electronic device include, but are not limited to, communication
devices (e.g., data links, mobile phones, PDAs, remote control units), radars, telemetry
stations, jamming stations, etc. The electronic device equipped with the dipole antenna
of the present invention can be configured to operate within the frequency range of
about 20 MHz to 40 GHz.

According to another general aspect of the present invention, there is provided a
dipole antenna comprising:

a pair of oppositely directed radiating arms coupled to a feeding terminal and
extended therefrom along a central axis, at least a portion of each radiating arm having a
fractal geometric shape;

at least one pair of electrical shunts configured for connecting at least two points

selected within the fractal portion of one radiating arm correspondingly to two points

selected within the fractal portion of another radiating arm; and



at |least one pair of electrical shunts configured for
connecting at least two points 15 selected within the
fractal portion of one radiating arm correspondi ngly
to two points selected within the fractal portion of
anot her radiating arm The aneﬁnna further can
conprise a bal un arranged at the feeding termnal and.

fi d f d
i T oc LR PIREng! L Reecits G BabrdicoBRERE 1 ebppling said pairof
%@%Elw Qﬁed(t@cﬁ‘idla%% B4R aec%anal tdnte @ R6Vide Ribaladesd feed.

but are not limted to, comunication

devi cetcqoeding to yritanotheiirread aspeet of thehpreant irppidon, tharg isgorovided
cont ations, janm ng
st IQF ﬂg?rr%{) cg.a“?ﬁgq@ﬁg"é%?é@ﬁ‘?“gg%’“é. Scuz ‘equi pped with the
di pol efoafingriir effoppbsitedy disendd radiveing ioms a@apledeo and extended
conflqyred to operate MAthIn t he fre ueng%uﬁa gh
opling-termpakglongp cenieal A¥isophieAy) APeTiHHtE relating arm

RS, fﬁﬁﬂﬁﬁbn@Pu§@ﬁ Pregent invention, there is

provi d & ANt énna conprising: a pair of
opp03|tely dlrected radiating arnms coupled to a
feeding termnal and extended therefrom along a
central axis, at least a portion of each radiating arm
having a fractal geonetric shape; 30 at |east one

pair of electrical shunts configured for connecting at

| east two points selected within the fractal portion
of one radiating armcorrespondingly to two points
selected within the fractal portion of another

radiating arm and -6a- a balun arranged at the
feeding term nal and configured for coupling said pair
of oppositely directed radiating arns to a coaxia
cable to provide a bal anced feed. According to yet
anot her broad aspect of the present invention, there

is provided a nmethod for fabricating a dipole
antenna, conprising: 5 formng a pair of oppositely
directed radiating arns coupled to and extended from
a feeding termnal along a central axis, at |east a
portion of each radiating arm having a fractal
geonetric shape; and WD 2006/ 082577 PCT/1L2006/ 000107



-7- formng at |east one pair of electrical shunts
configured for connecting at |east two points

se ed within the fractal portion of one radiating
ar%gczéoggﬁzéypondi ngly to two points sel ected GIHLHV¢/¢98107
fractal portion of another radiating arm 5 The

met hod further can conprise fermng a balun arranged

at the feeding termnal and configured for coupling

said dip : [ et rQvi de a..
bal ancedﬁ%lglé%%T geoe&ﬁ)gg ﬁe%hgég%a%%%uﬁoflﬁgg?d ?%{tct%?ecung at
br deadt \twot peintsoisele¢tap owitlant tHee ditattial pofiion tofieondN ¥aTIAHMRN arm
socgrr}gt t(kgle detail ed descr{epti on_thereof that follows

her &1 H&PE Pglﬁaﬁ? O RoFiy, Seleeled wifip sth ofiactalnportipe of another -
pr esditingG@mt ri bution to the art may be better
appreci.ated. Additional details.and advantages of the
Pnvent i ohhsynpthog durgher caroearhprise fotmeing ettalunedranged at the feeding

de 0k .08 | PTI ON Ok THE W NGS 15.1n

or 3%{&1:%2 a&ﬁ or g%lgg%l ?&ﬁe " rfl\l}% REIHPElS oant%gﬁ% & ah‘é%x}a{l cable to
mayprdyvedecabalaredd fead. i N practice, preferred enbodi nents

w Il now.be described, by way of non-limting

exanpl es lbe_ﬁ‘? 6?5 t_ﬁh‘%‘?’?e‘? E‘thP%é%h?ré’r?qﬁi& Beaenrp dngariegt features of
dr aw ifGntioh Bo WMt thB defall@Pdesdhbiidd thdeds th&iff&ﬂc%s%ef’e%’a%{e?%y be

typi cal exanpl es of conventi onalﬂ][%?acta antennas;
1] E?ﬁ@ ungergfopd smg therpresestcantritanion tethelastryayf ectsettad appreciated.

or SRR IR 6 R0 of b2 AT GOR P bEpchioth b detaled

exdegliption.f ract al di pol e antenna, according to

anot her enbodi nent of the present invention Figs. 4A
4B and 4C illustrate exenplary graphs depicting the
frequency 25 dependence of the input reflection

coRRERBESCRaE ol SH il gl RN (21 20 0

1exanpl eg L4 J ?@% of  radjation patter :
in electri cer??e %@%?&éﬁgp - Bﬁ%ﬁne JEDOSFG %‘?’étﬁﬂgsg%%?ﬁl out 1n
vapiagiicse, posfeirglerabodimsnts will now be described, by way of non-limiting

examples only, with reference to the accompanying drawings, in which:

Figs. 1A to 1D illustrate several typical examples of conventional fractal
antennas;
20 Fig. 2 is a top plan view of an exemplary fractal dipole antenna, according
to one embodiment of the present invention;
Fig. 3 is a top plan view of an exemplary fractal dipole antenna, according
to another embodiment of the present invention
Figs. 4A, 4B and 4C illustrate exemplary graphs depicting the frequency
25 dependence of the input reflection (return loss) coefficient for antennas having
various configurations;
Figs. 5A, 5B and 5C illustrate examples of a front to back cut of radiation

pattern in electric field plane (E-plane) for antennas having various configurations; -



WO 2006/ 082577 PCT/ | L2006/ 000107 -8 Fi gs. 6A, 6B and
6C illustrate exanples of a front to back cut of

radi at i attern in magnetic field plane (H plane)
fg‘rg()gm@%éﬁ havi ng various configurations; ‘Tfﬁé‘!“z‘"?%"““lw
is a schematic sideview of the antenna, according to

one 5 enbodi nent of the presgnt invention; Fig. 7B is
a schematic sideview of the antenna, according to

anot her g d; : invention: Fig. .7C. .
shows aﬁl.gg'r):g%pi e o‘? 6?;1&1p i FFS’E coﬁgéﬁc firévgo té?/@?%k $ugroﬁ€a§1atxon
on patiérhf en entagsétdesfiedd plaseib@-phihe) HO Ehteana8Ahk®n@ various

top an view of an exenplary fractal dipole antenna,
shhehy

acct 1995 still another enbodiment of the present

inventi g TAOR. 28RIRRELISGiddvlewstdrale gntéﬁﬂg "REfineO one
view with separated radiating anus and a perspectrve
éxﬂ@@é@lmiég\khel?@ﬁfﬂégp@n@hmgl y, of an exenplary
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antenna_of _the present invention. DETAILED ,
DESCRI P¥igoN OrhemEcnrreeaob seEriias Teadyntive depdre Soams on

OP &l Ak i gaf oPa&UbEt?itE antenna according to the present’
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figures
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

The principles and operation of a dipole antenna according to the present
20 invention may be better understood with reference to the drawings and the
accompanying description. It being understood that these drawings are givén for
illustrative purposes only and are not meant to be limiting.
Referring now to the drvawings wherein like reference numerals designate
corresponding parts throughout the several views, Fig: 2 illustrate a schematic view
25 of the fractal dipole antenna 20 according to one embodiment of the present
invention. It should be noted that this figure as well as further figures (illustrating
other examples of the antenna of the present invention) are not to scale, and are not
in proportion, for purposes of clarity.

The fractal dipole antenna 20 includes a pair of radiating arms 21A and



in proportion, for purposes of clarity. The fractal
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of self-simlarity of act al
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t hgldinact al geonetric shape include, but are not
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bl el S BriEr D €25 WHENBnan He 1l shajid be nored that

It ; Egﬂg\gfaggrﬂtlﬁgﬂg] g&%ﬂeng@%%% drShd Ehd‘ial?i%ofa%ﬁ‘lsoﬂotab%und by the
Sierpinski gasket shape Examples of the fractal geometric shape include, but are
not limited to, Sierpinski carpet, Minkovski patches, Koch island, etc. When

20 required, a combination of different self-similar patterns can be utilized.

According to one embodiment of the present invention, the largest
triangular Sierpinski gasket is in the form of an equilateral trialigle.

According to another embodiment of the present invention, the largest
triangular Sierpinski gasket is in the form of an isosceles triangle.

25 The anfenna 20 includes a first electrical shunt 23 and a second electrical
shunt 24, which are arranged at opposite sides with respect to axis O. Generally,
the first and second electrical shunts are conﬁgured for connecting two opposite
points 25A and 26A selected within the radiating arm 21A to two opposite points
25B and 26B selected within the radiating arm 21B, correspondingly.

30 According to the example illustrated in Fig. 2, the points 25A and 26A are
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si GO OF Pre GpgiEcal; shunts e paec prranged at $ach sulecafnthecarms with
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2b Wevhipl the rédiatdleesddsl £ and 21B are connected by two pairs of electrical

shunts. In this case, a first pair of shunts 23 and 24 connects the vertices at the

base of the largest tﬁangular Sierpinski gaskets of the radiating arms 21A and

21B, i.e., similar to the connection shown in Fig. 2. Accordingly, a second pair of

shunts 31 and 32 connects points 33A and 34A selected upon verges 27A and”

25. 28A of the arm 21A to points 33B and 34B selected upon.verges 27B and 28B of
the arm 21B.

The antenna of the present invention may be fed using any conventional

manner, and in a manner compatible with the corresponding external electronic

unit (source or receiver) for which the antenna is employed. For example, an
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20 in the outer skin of the mounting platform.

Referring to Fig. 7A, a schematic sideview of the antenna 20 built on a
substrate 71 is illustrated, according to an embodiment of the present invention.
According to this embodiment, the pair.of radiating arms 21A and 21B is formed
as a layer of conductive material overlying one surface of fhe sﬁbstrate 71.

25 Fig. 7B shows a schematic sideview of the antenna 20 built on a substrate
71, according to another embodiment of the present invention. According to this
embodiment, the radiating arm 21A is formed as a layer of conductive material
overlying one surface of the substrate 71, while the radiating arm 21B is formed
as a layer of conductive material overlying another surface of the substrate 71. .

30 The dipole antenna shown in Fig. 7A and in Fig. 7B can be produced by
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n the outer skin of the nmount i ng
Referrrng to Fig. 7A, a schematic sideview of the
antenna 20 built on a substrape. 71 is illustrated,
according to an enbodi nent of the present invention.
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i5h st fageeof thh @oreadAaxomgg &0 amotB Axamgle? 4R RE& mépﬁaﬁﬂed with

d ff rent es of .the substrate 71, vias can
useacoflorcué’SﬁWi%rf r?g=tvﬂg‘mFt6H&18ﬁductlve | ayers arranged

o OB R kot S, Gl e
si @@P%ﬂe@q?eO%ﬁﬁsmplat reflgction c(aetutineloss) rave tcismht t(@u)t b the antenna
o B A Al BSGE ! SPE
20N dDbEncftonctudﬁ SERIARIAB dndrRiSare illustrated, respectively. These graphs were
obtained by simulation of the properties of the antennas printed on substrate having
a thickness of 1.6 mm and a value of the dielectric permitl:ivity of 2.2 that
corresponds to Teflon (e.g., Duroid). The largest triangular Sierpinski gasket was
selected in the form of an isosceles triangle, in which dimension of the base and
25 sides are 9 cm and 6 cm, respectively. As can be seen, adding two shunts 23 and 24
to a conventional dipole fractal antenna can modify the frequency/return loss
characteristic. In particular, the low frequency band slightly shifts to higher
frequencies, while the high frequency band remains almost at the same place. In
turn, the return losses for these both bands remain below -IOdB, while largely
30 decrease for the high frequency band.
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2bebaMvfothedbn BN LRIBOGE 2 nonconductive substrate (not shown in Figs. 8B

and 8C, for purposes of clarity).
Preferably, but not mandatory, that the balun and the radiating arms are all
‘formed on the same substrate. The balun 81 includes a first layer 82A of
conductive ma_terial formed on one side of the substrate and a second layer 82B
25 of conductive material formed on the other side of the substrate. The first and
second conductive layers have a shape in the form of two parallel strips, such as
narrow strips 83A and 83B and wide strips 84A and 84B, .respectively. The
narrow strips 83A, 83B have proximal ends 831A, 831B and distal énds 832A,
832B, respectively. In turn, the wide strips 84A, 84B have proximal ends 841A,
30 841B and distal ends 842A, 842B, respectively. - |



10 Referring to Fig. 8A, a top plan view of the
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pr %)fmml on the substrate in such a manner so that the narrow strip 83A of the first

20 layer 82A is positioned beneath the wide strip 84B of the second layer 82B. In

turn, the narrow strip 83B of the second layer 82B is positioned over the wide
strip 84A of the first layer 82A. |

In such a configuration, the wide strip 84B of the second layer 82B acts as

a ground plane for the narrow strip 83A of the first layer 82A, and vice ver. s the

25 wide strip 84A of the first layer 82A acts as a ground plane for the narrow strip

83B of the second layer 82B.
In order to accomplish maximum energy transfer in broadband. operation,
an impedance of the radiating arms 21A and 21B is matched to the impedance of

the coaxial cable. To achieve this impedance match, the width of the narrow and
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~such that these strips could hold a connector
ShoRRFESRIREIRE dalEves ohows Lip| Flgg 4A1 @nd\rﬁ?erma @0 sto ﬂait adding two

co ng to t

et 2308 28 lebs SR val QR RN O shfors Pl dragapgmgenmna

pr |sngmﬂcantiy hh@hﬁesbﬂterﬁhﬁnlmssscb}fakhc&m@ﬁ@ M8 s 4 Bk, bAE broad
ow strip.83A of the first 20 |ayer 82A is

po ?‘1“8??8&”8% FepservehB the fequsoey pretws -3FHE éematwortdnds were

| ayrRénifoédd fof thelddhPentibhf SAdfal Ql’ﬁ’ﬁrﬁ{arahg é@rgtﬁ% ic actg.gée["&e%glg onﬁjl two

| ayer 82B i s positioned over t
1heshpptp.st Iayer 82A. In such a configuration, the w de

dla B . act r
o e s B HE ST SRR £l G A5 Sren i O Pitiadn Tyl Gooplane
andndiic B p&ﬁi@ aortd%poncﬂrgglwf&echcs Bﬁtbrﬁla%ﬂ&wﬁﬁn Fi38. 98 ARI8C. As can

| ayer 82A acts as a ground plane for the n&rrow strip

83 EE’COsFeft’ Rdding B shunis Sy and 2@, andbatwnfdrio copentom idile fractal
ratio
) S0 AL AU BEL Lo Eyonn

50 antpand.npedance of the coaxial cable. To achieve
this i ance tcg, the wi.dth of the narrow and WO
2006/ oggg%rmg t|9 ZoREPBaEA Biew oflan gleeronist daviss Wancluding

be thelhiging doto® ﬂfe%}éﬂeﬁﬁﬂvéﬁﬁloﬂ?ss]ﬁl ﬁfafttﬁf WEB9dihg 15 et Sdiment
an exenpl ary graph depicting the frequency

of the present invention, the antenna 20 is mounted on a back surface 91 of
thedevice 90.

20 It can be appreciated by a person of the art that the dipole antenna of the
present invention may have numerous applications. The list of applications
includes, but is not limited to, various devices operating in the frequency band of
about 20 MHz to 40 GHz. In particular, the antenna of the present invention
would be operative with communication devices (e.g., mobile phones, PDAs,

25 remote control units, telecommunication with satellites, etc.), radars, telemetry
statlons, _]ammmg stations, etc.

As such, those skilled in the art to which the presen;c invention pertains,
can appreciate that while the present invention has been described in terms of
preferred embodiments, the conception, upon which this disclosure is based, may

30 readily be utilized as a basis for the designing of other structures systems and



dependence of the input reflection (return |oss)
coefficient (S11) of the antenna shown in Figs. 8B

a | ustrated. When this dependence is
cg%8§§%3§F@|the 5 corresponding curves shown RGH/LER0gL00107
4A and 4B, one can see that adding two shunts 23 and
24 together wi th the balun tolghe conventional dipole
fractal antenna significantly nodifies the return

0pPoceliRl AftlcBirlink bt the Beverdl BusboS&SET thh@sdd 8R4ntion.

frequency band is observed in'the frequency region
1- 3GHz Wherrparsd thes tgsanfgnne of iprpregamé investion isenot bound to the

conyen t8 0 t

ant@eén ﬂnle? deﬁe s&%ﬁlteﬁoc %ﬁi ?rpa? aﬁtggnafs E(Elte 8&%3&1 %(I.)rm and shape

| | lofistier @iténna rhayot défmebagkhe tﬁctmotmd smlpabf thie rpedrit@E platform.
lane and in Hpl an(e correspondl ngl for t he

ént 3¢ HBGViRsR mqgge -gfeiadiateg aFms C3R haye a ygume (three-
ad%ﬁ&lstaﬁal)%uﬁt geo%&tﬁ@@ha%é and balun 81 to a

conventional dipole fractal antenna does not change
si gni f i Bashouly heheotechthiat theosingle redameant apfennadescribed above with

conventi o aI Referr.in

contieee G migy 3 S MEBRSac o aRried o n Brhrg ure of e
t heegniresn &a&@l @brnd, kiR eBe hatabieERiidsOSE e corresponding array
il lustrated. Accor di ng fo this embodi ment _of tﬁ

18r dadpr Furibemors vhoprequrade fiaandy aienng san &g meenolithieadly co-
Su rﬂ‘n@gﬁ e%](moetc ?hl% @@%a hg&her%@eng%nésgﬁ%% %@&Wsﬁ%@fcﬁ%) and

erson o rt t at the antenna o
p r eserdiso radeat¢ isteerabicy mhadtiteams reius usakipg | the attiobn arrayl fee smart
list of applications includes, but is not limted to,
varP5482-devi ces operating in the frequency band of

about 2 dder to0lift (3 Fadichion R bhé i¥édion, & Eﬁ)uﬂatp%@ &n6lvn per

the present invention would be operat ivé with

Borfrmhche PEYided\ire e gienga, of iy ipresepfhigrentionpbpi sxapmple, the
r :{E{g{;ﬁ ; eéﬁer by Ut? h&éﬂggh% Q‘bgfmﬂhn?&et ea gla}lg of the antenna and

j arfmengnesbﬁtheonées ef the sAbstsate lop wlm(oh eths Ianﬂehnml isi pmtthda Such
art, to whi .h t resent invention pertajns, an .

e rLOR o0l i FaSiin o SRURRY; BE rieDRn & By, of the
-desftdnig dMoreot @l caffelinBhfE @d @dwBadXOsH MBRY SonveR§onal mobile
concepti on, upon whi ch this disclosure is ‘based,

nmay
o nherelAnignngs, sined the sadiationadirssddstoperdstthe mebde ghoneyusst will
ot h)%rmg?iﬁﬂéﬁﬁhy ﬁ@&ea%X&,tv%@ﬁ C%Hgared with the bi-directional radiation of the

most conventional mobile phone devices.

Additionally, the antenna of the present invention may allow reducing the

development effort required for connectivity between different communication

25 devices associated with different communication services and operating in

various frequency bands. For example, the antenna of the pfesent invention may

allow utilizing a single cellular phone for commumcatmg over different cellular
services.

The antenna of the present invention may be utilized in Internet phones,

30 tag systems, remote control units, video wireless phone, communications between



WO 2006/ 082577 PCT/ 1L2006/ 000107 -16- processes for
carrying out the several purposes of the present

[ .1t is apparent that the antenna of the
p%ggmﬁl&ﬁ'\’/@nti on is not bound to the exanpl®™&J/IH00¢/4ee107

symmetric and pl anar antennas. |f necessary, the form

and shape of the antenna may ibe defined by the form

and shape of the nmounting platform 5 Likew se, -the

Wh eten@d Uint R ilufaP @héRa] lel N8le HnfBing 3y L% vari
(three- dinensiqngl) f?actalegeonet%%g @%ggg}ﬂﬁ%gfﬁhjmnous
sho@ieEyBemioe-gd i lkamunthisat dm glithire Henemiputert winelass LAN (Local

desgLi v~ th references to Fjgs. 2, and 8A- .
el BRI N, Wk CLRAG R0 Reisf e 0
r egidientifioy Medmalt ¢twoglt)¥ystbaki ng the characteristics of

the corrgsponding array to factor. Furthernore, when

Pequi r ed: 1% HtEna ey, alshtherinBizedmn semmyniseiiensi beiwben the-LAN
| ntArRleEr PRod fdHvBrl b B3 r AL

(e.g. DSP- drgi (\)/en SW {{’:hes @ﬁgw %%ﬁ%épl%os}r%geg?m:?reéSM (Global
st tepl for Miobile lsemnminidatios). maki ng t he whol e array a

smart ntenna. In order,to. . limt the radiation to one
directi gtnl,s {'5]) g‘? wﬁ%StBP‘gﬁ]éatkﬁt}Svﬁﬁﬁ@ngﬁE?n degifiolegy employed
pr derede dref fof the parpdeé eNMRcAbtidoRdRAESE %Bt'ﬁé%?%rdg@gs 1ifafing.

exanpl e, the roundzflane may be arranged
War al | eft iFdff . dhegefprea that Bfe seone ofithe ventiomds nbacmstrued as

Tl A g e, RS NG PRI e

| nqrossisle witten ribelisedpe oot thier @redehy irfventidn bd)GefiriAl BN appended
Moreqver, it can elim nate the drawback of many
corfV8Rti onal nobile 20 phone antennas, since the

radi ation directed towards the nobile phone user w ||
be significantly decreased, when conpared with the

bi -directional radiation of the nbst conventiona
nobi | e phone devices. Additionally, the antenna of the
present invention may all ow reducing the devel opnent
effort required for connectivity between different
conmuni cation 25 devices associated with different
comuni cation services and operating in various
frequency bands. For exanple, the antenna of the
present invention nmay '
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allowutilizing a single cellular phone for

communi cating over different cellular services. The
antenna of the present invention nmay be utilized in LLOYD WISE
I nternet phones, 30 tag systens, renote contro
units, video wrel ess phone_;gconmuni cati ons between WO
2006/ 082577 PCT/1L2006/ 000107 -17 Internet and
iﬁlIMél-ar phones, etc. The antenna may al so be utilized
invarious intersysteins, e.g 112 ., in comunication

W thiin.the conputer wireless LAN (Local Area

Inet V\érq%??eﬁﬁﬁﬁg‘ﬁ%(?‘g@wg'@mmni cation Network) and | SM
(Industrial, Scientific, Medical Network) systems. 5
The antieahaprpsifely|ditscisd radiatingasms couplethipumfeeding terminal and
between the LAN and cellul ar phone network, GPS

eXtGhdsd dherfpental ang aggnBSykasyht least Gk tidE afteath radyaingranhdaving a
Mobi | e comruni cation). It is to be understood that the

frpdialageenlea@tyshapel anar i nol ogy enpl oyed herein are for
t he purpose of description and should not be regarded

as | jiedst Ok pakiotidiectrival SRAIscBigurbd & Hﬁegctinglélﬁfﬁagtl?\%o points

Scope of the invention Is not construed a

Lo by, t iJlustrative enbodi nents set..fgrth .

st iR o Byt o Hont SR RREAPE R sp gingl pwo points
cope of the_present invention as defined in the

Sei Widin t@l fpqial portienves appther radyagingiamnvs: 1. A di pol e
antenna conprising: a pair of oppositely directed
radi ating arnms coupled to a feeding term nal and
extended therefromalong a central axis, at |east a

2. por t Thedipbleesntdnna aficlaini @oafigarbdmid\gpedabl&td pravidaldecrease of
geonetric shape; and at | east one pair of electrical

refitH IdsSesCfop {He T @EndyBanB O PoQ fdet B8k ddbotHe? &otbnta v AL Same

structure as said antenna, but without said at least one pair of electrical shunts.

3. The dipole antenna of claim 1 further comprising a balun arranged at the
feeding terminal and configured for coupling said pair of oppositely directed radiating

arms to a coaxial cable to provide a balanced feed.

4, The dipole antenna of claim 3 configured and operable to provide one
broad frequency band in the frequency band where a plurality of the frequency
bands is observed for another antenna having the same structure as said antenna, but

without said balun.

5. The dipole antenna of claim 3 wherein an impedance of said radiating arms is

matched to the impedance of the coaxial cable.
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sel ected within the fractal portion of one radiating
armcorrespondingly to two points selected within the

fractal portion of another radiating arm. 10 2. The LLOYD WISE
di pol e antenna of claim1 configured and operable to

provi de decrease of return_{@sses for the frequency

bands provided for another antenna having the sane

structure as said antenna, but wi thout said at |east

one pair of electrical shunts. 3. The dipole antenna

615 1 o0 HEOICEPIRTRAR AR AOHIErGFaa Hh b coBapRT e of

pai r of opp05|tely dlrected radiating arns to a
cmnm maghrkands jseond lgzerofisandustize nfagesigl auanggdon first and
di pol e antenna of claim 3 configured and operable to
squood sides offenoreoodicttiive sghsemey cdreaspondingliecath efjswidh fiyst and
band where a plurality of the frequency 20 bands is

s€ofe [ayeft iheludanoidiiw aftp anda widysthp, daliBnrve asd M&tswi;% have
as said antenna, but wthout said balun. 5. The

pgixlﬂﬁilleana Rt eNRAdOHith |r@§tp@%1t?to m%ﬁhﬁn?ﬁrﬁsnpfc%gﬁﬁ?v@irlﬁ Al c%upled

radiating arns is d to the T npedanc

19 6. he di ant enpna
& f’eé?@mt %qhﬁ%?ﬁéefsﬁm%lv%éﬁgﬁtmﬁ S8 b1 GroBinBA Py 3p4 R,
duct gﬁ{lal and, a .se ond,IaXFr of

C%na 1pg W4AHP b e SRS GRutrcHKe fayFisyia ahaidengstiat their distal
sides of a nonconductive substrate, correspondingly,;
erdse saidnarsew qtrip ofshe Hrsglayenis positioned kensath tled witlesstrip of the
narrow strip and a wide strip, said narrow and w de
sbnd pryehandesaidomarrawrsthipaifi thediesdral lapsrds poditidhel@spetht wide strip
the radiating arnms, each narrow.strip is coupled to a
0f@@¢pgu@krof t he correspondlng radiating armat its
proximal end and to the corresponding w de strip of

the sane conductive layer via a bridging strip at

their distal ends; said narrOMIstrip of the first

Iayer I tioned ene the wide stri the 10
seconEHTgﬁgé &nggfg %nFanb?atﬁggggggﬁgepé§gpdon
i s positioned over the nﬁde strip. of the first |ayer.
oppostfe gdggs ,92 fhe fagetal mAEIODS OF paghrrediatipaara) felasiye o the ceatsaliaxis.
two points are selected on opposite edges of the

fractal portions of each radiating armrelative to the
central axis.
8. The dipole antenna of claim 1 further comprising a substrate made of a

nonconductive material, wherein said two radiating arms

are formed as a layer of conductive material overlying a surface of said substrate.

0. The dipole antenna of claim 8 wherein said two radiating arms are arranged on

one side of said substrate.
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15 8. The di pole antenna of claim| further conprising
a substrate made of a nonconductive material, wherein
said two radiating arns are formed as a | ayer of
conductive material overlying a surface of said
substrate. 20 9. The dipol e_gpntenna of claim8 wherein
said two radiating arns are arranged on one side of
aid t M SE., -20 10, .The di pal.e.antenna .
G ¢ TR0 Garenh h e 8 nsiefrtanlfe SR B S S idfting
radi atin armnms | rrgnged on one side of said )
aris AFRERd 9RPTS stk 1ol 521 St el AnaihSE reditiae @i of said two
radiating arns is arranged on anot her side of said
ragighiag pemeis asranged orhanoghes side o paid sulstrefe. cl ai m 1 wher ei n
said fractal geonetric shape is a Sierpinski gasket.
12. The di pole antenna of claim 11l wherein said
feeding termnal is coupled to the apex of each
11.1 i anphd @polSiagfeRhdEREaiR S diereRPsdid ﬁﬁetaléééoilrfe{riér $ifape is a
di pol e antenna of claim 11 wherein said at | east two
J; selected at vertices at the base of each
S?ﬁ?ang%@§§LSierpinski gasket portion. 14. The dipole
antenna of claim 1l wherein an iteration ratio of
self-simlarity of 15 said fractal geonetric shape is
hi gher than 2. 15. An electronic device conprising the
Lant enhi¥ Gpoleariepna of elgim Thwhereucsribispding sgrminal o caupladip the
15 further conprising a balun arranged at the 20
affea @dicanh triengnlarYierpinskceasketqortéan. f or coupling said pair
of oppositely directed radiating arns to a coaxia
cable to provide a balanced feed. 17. The electronic
device of claim 15 being selected fromthe group that

13.ncl urRsd; hEat d ' | A i
radars, z;%%e?gilé ghnéé?{:(ill&gl y gfghns&?ﬁ*fﬁ‘lég(%m v%yg %%% ?621%{3%& selected at

vertices at the base of each triangular Sierpinski gasket portion.

LLOYD WISE

14. The dipole antenna of claim 11 wherein an iteration ratio of self-similarity of

said fractal geometric shape is higher than 2.

15. An electronic device comprising the antenna of claim 1.

16. The electronic device of claim 15 further comprising a balun arranged at the
feeding terminal and configured for coupling said pair of oppositely directed radiating

arms to a coaxial cable to provide a balanced feed.

17. The electronic device of claim 15 being selected from the group that includes

communication devices, jamming stations, radars, and telemetry systems.
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18. The el ectronic device of claim 15 wherein said
di pol e antenna being configured to operate within the

frequency range of about 20 MHz to 40 GHz. 19. A LLOYD WISE

di pol e antenna conprising: 5 a pair of oppositely
directed radiating arms coupjed to a feeding term nal
and extended therefromalong a central axis, at |east

1§ Do eSS S S 5L e coniured
shunts configured for conpecting at |east two points
toPPERS WHR R PR W&%?%%OW%Y@% tof0&HE r adi at i ng

arm correspondingly to two 10 points selected within
the fractal portion of another radiating arm and a

bal un arranged at the feeding term nal and confi gured
19.0r cAudiddleante@iactopgirisingdf oppositely directed

radiating arnms to a coaxial cable to provide a

bal anceflr beshosiédly dhedted Rathtiak alAdEdupRid BG f@ecﬂhg%ﬁinal and
antenna conprising: 15 formng a paif of oppositely

j i fL C I L f .
o R o e o B o AP RS ol Baving o

rtion of each radiating arm having a fractal

frg‘g%‘ri%é{’?’ue@ws%%ﬁ%%; and forning at |east one pair of

el ectrical shunts configured for connecting at | east

t wo p%ilwgowa@cqf@éecwqaﬂ shyntsgonfigured 4or ¢ranesting abieastiao
radi ating arm correspondingly to 20 two points
pantsscleetdd within thetfragtal pertivalof pug tadeting firmcotrespondingly to two
radiating arm 21. The nmethod of claim20 further
peinsRelested gvithin e fgicaal padtion ofaidhgaadiating fién; aheedi ng

term nal and configured for coupling said dipole

ant e ' : \A : :
od RIASEREY % SSheGHAmaPRpach Hrhfth s o

re | STy e N.,CONPrises:

of B0 RIFy S e RABE b o CorhBle b RRPa T35 2 e st

form providing a first |ayer of conductive nmateri al

and a second | ayer of conductive material on first

and second sides of said nonconductive substrate,
2@ or r e pesitlendnef fpbricatiag erlipstle arfprhafdompristngd second

| ayers includes a narrow strip and a wide strip, said

nar r forming a pair of oppositely directed radiating arms coupled to and extended
from a feeding terminal along a central axis, at least a portion of each radiating arm
having a fractal geometric shape; and

forming at least one pair of electrical shunts configured for connecting at least

two points selected within the fractal portion of one radiating arm correspondingly to

two points selected within the fractal portion of another radiating arm.

21. The method of claim 20 further comprising forming a balun arranged at the
feeding terminal and configured for coupling said dipole antenna to a coaxial cable to

provide a balanced feed.
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and wi de strips have proximal. and distal ends with
respect to the radiating arns, each narrow strip is

coupled to a feedpoint of the correspondi ng radiating LLOYD WISE

armat its proxinmal end and to the corresponding w de
strip of the same conductives ayer via a bridging
strip at their distal ends; “sai d wi de strlps are

h ai d
2o b PRGBS el %‘;}%f OBt PaliR pomerid n

t he w de strl he se ond and said narrow

st ri Preyidingea Bﬂ%lcpé@é sraélcep%@%y Pree?f@ama%?orf%e wi de

strip of the first layer. 23. The nethod of claim20

wher eiravigiiec fixst layerpfeonducsive materisd andialepond dpyar pcondsctive

includes cutting the radiating arnms froma solid sheet
maferiglooroiinst andeseandesides of s2id. nofibendueti veodibstrate,| carmes@ddingly;

further conprising providing a nonconductive

ezt bdidfiestahd sedone dglety intingss 4 mirfow afig anlarale sthbesald narrow
pair of radiating arns is forned as a |ayer of

arﬁi' widk st Fp@'hweo E@Q%Q%‘n& gbs‘&g Egét ?gltl gé’sﬁééé%( tﬁ%gra&laﬁﬂ%%ﬁ&f each

sal nonc (1 ve rate.
t t t
SRR St St 8eabo ik Rt b €8s provima
on the surface of said

conduct.i ve nater L al
"Iﬁicﬂﬁ‘g A HFROrFEPAdHE Vide stringf the saresceqndyctevs layvesvia @ hddeing strip

poi nt s.
at the1r dlstal ends; said wide strips are coupled to each other at their proximal ends;

said narrow strip of the first layer is positioned beneath the wide strip of the second

layer and said narrow strip of the second layer is positioned over the wide strip of the

first layer.

23. The method of claim 20 wherein said forming of the pair of radiating arms

includes cutting the radiating arms from a solid sheet of conductive material.

24, The method of claim 20 further comprising providing a nonconductive
substrate of a predetermined form, and wherein the pair of radiating arms is formed as a
layer of electrically conductive material overlaying a surface of said nonconductive

substrate.

25. The method of claim 20 wherein said forming of the two electrical shunts
includes forming strips of electrically conductive material on the surface of said

nonconductive substrate for connecting said at least two points.



