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Fractal dipole antenna FIELD OF THE | NVENTI ON The
present invention relates generally to antennas, and

wonoasti7cul ar, to fractal antennas. BACKGROUNBCOHLIDbE000107

| NVENTI ON There are many applications in which the
smal | size of the antennas is a desirable feature due
to cosnetic, security, aerodyhanic and other reasons.
There are also applications in which surface
conformability of the antennas or a possibility to
nount an antenna on a platform which is not flat or
pl anar, is a desirabl &raetdldipolelmtesianpl e, in nobile
devices (e.g., cellular phones, PDAs, |aptops, etc),
reduci ng antenna's size is required since the anount
of space avail able for nounting an antenna is limted.
For antennas nounted on airplanes, the protrusion of
t he antenna beyond the surface of the plane should be
E&ﬁij?gﬁ?ﬁ; ﬁ&ger to reduce the effect of the antenna
S %ﬂfy ' EIQBErti es. Fractal antennas are
knomnF%n the art as, sol¥t|ons to S|gn|f|cantly reduce
the ahtemkeseat spvengiog relates, genesplly doramtiennased in particular, to
@Q&FP g$generat|ng the per f or mance. Moreover,
applying fractal concept to antennas can be used to
achieve nultiple frequency bands and i ncrease
bandw dt h of each single band due to the
self sinilarity of the geonetry. Polarization and

i ble. Th
SI mp@?&@ﬂ?he anmaﬁg S(reg:]rg??fll ca(ra] be ©
h t .
sch cietp ke AR, BiblIAuBs B Uik LBE SRl P2 52 Tbe aptsnnas is o

thro

mﬂahlertedw@e dge $b 0bsmarne/ s@buﬂ"@' ﬁérod}ﬁ&h?@én& Bﬁﬁﬁr kasons. There
ant ennas are based on fractal sh apes”such

agp el p@ n@phcgaeksstm sheslpisnsice ocmn}ﬁemnaﬂ‘ﬂn‘yk@\fs‘the antennas or a
g@ Mandel brot tree, Koch curve, Koch island, etc
1’D(O§ ”%tto %‘QH% P anfgnma gy, pIREferme wiigh & potflat or planar, is a

@sﬁgglesfg%u;@ . Cohen). Referring to Figs. 1A to ID
everal exanpl es of typical fractal antennas

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
order to reduce the effect of the antenna on its aerodynamic properties.

Fractal antennas are known in the art as solutions 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
due to the self-similarity of the geometry. Polarization and phasing of fractal
antennas also are possible.

The self-similarity of the 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
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are illustrated. In particular, the Triadic Koch curve
has been used to construct a nonopol e and a dipol e
woOgew/B2g3. |A and IB) in order to reduce ant eROIB108€000107
For exanple, the length of the Koch dipole antenna is
reduced by a factor of 1.9, when conpared to the arm
| ength of the regular hal f-wdve di pol e operating at
the sane frequency. The radiation pattern of a Koch
sERA! SudlS a8! @hKlerpMisk! &agRét, fIiempindlat cahen WEAbWKI patches,
di'pol e because its fractal dinension is greater than
Mandatbrex arep] Koch carve,déoch idlameh ef¢ (sect foreexamppler BHS aBat. Nos.
antenna elenment_is shown in Fig. 1C. It was found that

61 1R .9 Fhard. 400 3u8 % $9hetn achi eve nul tipl e wi deband

f . t ize. Fi
Campear e oofigsp o ToRoRarEtATuals 31 gl Bt Antennas
a%ﬁﬁghﬁ%&i. gasket fractal shape. The ori gi nal

| erpi nski gasket is constructed by subtracting a

cent dal 1pqzi,uitli‘«:tafalr,edh(’é rTaadice Klochnearvernihnas thdeangked shapenstruct a
After the subtraction, three equal triangles remain on

méreopsie aed ardipoledste Bigs. baiang HA) m oder ferasiuge apienppeize. For
e S B S RS R 5280e of 1,
v? 5 &?ﬁéﬁ%d I?ggh Sty Ié‘r@gﬁ té)glt!l‘fé f%u'ieﬁrl‘%?'ﬂ@aﬁzb\ﬁ?pole,o erating at the

era ns, Ive-s ve on of the Si‘erpinski
sHRSkREq ARy PELE eaighiem phiternadt £ Kvh(dipolel iedligatly aiffeient from
Fig. 1), t%’e-smal | est one being a single triangle. The
thathaf\d wgubde dipole besaussritsplvhesalbdimanaion 18 gseaiepianie
Si er pj nski gasket fractal shape is described in U S, .
Pat. A CMEIS QJod [ alER A USPIS) XPIPFEdy s agfinnatlement is

itled p ' iar.pi ' i .
St L 09, PR AL ) R oA g ot
WideBsRE berfSFmMHcomaasdiEonagaid ne. 1998, V. 46, No. 4,

PP. 517-524; and in a paper titled "Novel Conbined
Mul t ilignd DA\ngteywea aBl eremple lofispi BiedbioskiFmamtopole based on the
Geonetries " by J. Soler, et al., 27th ESA Antenna
Sremiatks zasket acsehshaps. Adei ariginalaficapingkt gasket is constructed by

S RIIE 5, Sl POUISE ARSI o, A
sﬁﬁﬁécé&v ttg%io%(ﬂt%fl] gggﬂ%ﬁ% Félﬁain_%}?tﬁb stRRtéD ede onk el half of

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

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 smallest one being a single
triangle.

The behavior of various monopole antennas based on the Sierpinski gasket
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 Gebmelries," by J. Soler, et al., 278 ESA Antenna
Workshop on Innovative Periodic Antennas: Electromagnetic Bandgap, Left-
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that the geonetrical self-simlarity properties of the
fractal structure are translated into its

wehewtszaTagnet i ¢ behavior. It was shown that tReT/IL2006/000107

antenna is matched C approxi mately at frequencies/,,
0.26-S'\ where c is the speed,of light in h vacuum h

is the height of the |argest gasket, d 2 , and n a

nat ural nunber. In particular, the | owest frequency of
kpgededt Maiterials.sEraietods end FisquenceleestiveeSutfpcash 8- he Minch 2004

Shghie AP OEsk e G, W5 b0US I ALl oo amennac
pP0% 84,0 ey 000K PO QR85 ansiaca

ntenits efotioaddntiof bdhasturallt &V RMERdwn ehhhehe GARGAACIs matched
connected, series connected or parallel connected.

Each of the fractal el arg, folded in a sane i )
?ﬁpé%ﬂ%?‘feghét ff?%?&@ﬁﬁeé?geﬁ@% f-0PREES Salit st Apeed of light in
pattern. SUVMMARY OF THE | NVENTI ON Despite the prior

waduuin) /4 bether lesglf of fhadhaleseBAGRAAS ~ 1 MU EnisSn&bhldl mBober. In
need in the art for further Inprovenent in order to
prrtonlas, the lemeshficequiady of gherationl indeichhentemosdis kdetetmined by

er.f or ce, ,surface conformability, and reduced
Tﬁﬁm%}%ﬁﬁﬁlﬁrﬁ?%ﬁé}é@ (e.g., suitable for flush

nount j urface of a bj |
comm\r{lgggﬁél gllr%c{ 23?%%&@%5 %Ee‘r‘ﬁ%eg?c_b‘?'%énf ¥ adﬂg: Ygfsample, U.S.
Peatckage 6, 30189 Pf €RBEbed WE il SBhdR Rhtehh Vil | JBRALESat multiple
di sadvantages of the prior art antenna techni"ques and

ise@uandg daadsclited ariteand &l fodinpd fematptmaiity bAfractat blegesits either

a pajr of radiating arns extended from and coupled to
@S %‘i?dP%nqCé‘?@ﬁ §ealeS crmacetadi oft Pagllgh sennecéed plpadi pélithe fractal

] e ent r al ; ant enpa’ xis, At |east a
ot sr e, T SRS RRE Y B ol Bt gBoew p sawtooth
. At | east one pair of electrical shunts are
arranged for connecting at |east tw points sel ected
within the fractal portion of one radiating armto two

poi nts selected within the fractal

SUMMARY OF THE INVENTION

Despite the prior art in the area of fractal antennas, there is still a need in
the art for further improvement in order to provide an antenna that 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

01646637\1-01
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01 46( -Mportion of another radiating arm

correspondingly. It should be understood that the term
woOwbdcluszs7t he fractal portion” utilized throughedt/itines/000107
present application inplies also the fractal portion's
edges. For exanple, the two points can be sel ected on
opposite edges of the fractal4‘porti ons of each

radiating armrelative to the central axis. According
plodtied ofrpedicrentistingt fitn, pe@sspbndimgintlt shouldhbe tmderstood that
radiating arns are cut froma solid sheet of a ..
thotetue { dimibe fiastal pratoe] séiizee dhrosghavis theaprepent application
.forned of ire or other self supporti onducti v
ippgtis 1 e (Bndeertel RGN SiBESor T SnBot i 51 W goTs can be

i .

BIERE G BBGR Gfbeg SR B T A PR AAS iy relative to
thedb@balngiarns are formed as a layer of conductive

material overlying at |east one surface of the L
substAedcedingntos e flerzbashigent phighe paeseat ieNepbion, e BHagadiating
can, for exanple, be prqduced by using.stapdard, .

PSR queiTPELT Fotideheft &Onﬁueﬁﬁﬁmgfﬁ@- ?ﬁ@ glcctrical shunts can
overl yi t r 4 t ched
RS e Sl B RLS B E BBt o

ar ms. A fddr8npatd ¥Rbther ¢aiditkan of €O Hireleds iswention, the antenna
enpl oyed to Tormthe fractal conductive |ayer.

fiscthor diomgbrysest hesuhwtrasd enadd ol ashoncendsmtivbemptarisbd The two

as.strips of a layer of conductive.material arrange

refiatina AEISTaTe dOBROY A ALBEE O ARG FHSHAl OO CHAIE 8 least one

enbadi t of . the pres i nvent i;on, .

TEBRE: 7T e AptGr TR Rhoh MSH, T e HIrRR Aytenny, con, fo
t, b PrdhRE@blykid@5tald bd shidliltasdtiniqeds. heonducti

??g?tqdl eg;grodmst ri :]:Olyshzlsl%gei ganﬁgelﬁﬁ?tg%er tihan HZI?in nS suchn Henne

Jayeasecrlying theedirfiget @ff thensibstmtacaaryedtched tthefoampes radiating

of each triangul ar Sierpinski gasket portion. In turn,
frpeiak olppsorhthe rashating ,an@s(.a/ﬁcgp@atlygfys dlepesitigngechniques can be

ti the b f tri i i ' .
SSesE T rbranternacah el L8P hEEmEln, By clectrica
ﬂﬁlﬁ?éq%{jb@tfoﬁﬁ&% hestidof £140ePf doRdhcliPhiR&rial arranged on the
I npedance transtormation and configured for coupling

durtceaditied bulgsti@teas t o a coaxial cable to provide a

bal anced feed. Prefer abI(y, an i npedance of the
According to an embodiment of the present invention, the fractal

geometric shape of the radiating arms is a 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.

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

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

AdrAarrAaMma A
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radiating arns is matched to the inpedance of the
coaxi al cable. According to one enbodi nent of the
wonueseson, the bal un conprises a first |ayer ®€T1/1L2006/000107
conductive material and a second | ayer of conductive
mat eri al arranged on first and secondsi des of a
nonconducti ve substrate, corfespondingly. Each of the
| ayers includes a narrow strip and a wide strip. The
sk fofW seatdont detived §ub@ﬁ'af@%_@rr§§pbﬁd@i@é1¥.aEQc}9 bt lap&dSncludes a
with respect to the radiating arns. The w de strips
narreve st edd tao vade Istrin.hehe amartoleiand pwishel steips dreds. préairhal and
narrow strip is coupled tqo a fee i nt. of the
il g@ﬁo\ﬁﬁﬁi Easpﬁamoaflp AEiaHAE éﬂnﬁggﬁ% Pade REIDseHE canpled do each
ndi i d ri e . CEl .
5 O ORI oot Tl skt 15 AR S eetBoint of the
cdeegpehdife _tr@dibﬁhg @mbditepRadxiaal téh@ Al €O BorrbfPonding wide
narrow strip of the first layer is positioned beneath
striie ofi the same pecafductiee slegemaid ay bridging tshrép rerthew distal ends.
strip of the second |ayer is positioned over the w de
Ageorgingrtothis qmbegimegy ef theriyeaHPRARE DLW Etriir @B st first layer

] ' f vant f ot rior_art.

1 BERAPhRLL SRR Rl i B HER 23 G EElonf i of the

sbbh dia§a0 POk AL dREFTd x\oi@ss%ﬁgloﬁttﬁ@ fikfighgp th. The
antenna according to the present invention can have
one Hriwazhtbamed op ed prevent evientivhehdsr e ndythe aniyantiages of the
whi ch conventi onal antennas represent, nmultiple bands

DBIOF 18t teaReiguest euih I ERAERNEeRDY @vatPomng senyy ekdetdisadvantages
invenption e easjly and efficiently manufactured,
npg}lag;ggﬁs‘ﬂcga%%gxeb%\pﬁb. printed circuit techniques. The
ant enng AREHLO4ADriR ! t!&ethglfpﬁ-géé‘éift ih@%{rﬁﬂﬁi 8ih hﬁ\é@‘;me broad band

durabl e and reliabl e“const tion. e anten

pecfopmdhee it dhé Heequease rhngavwewhich ¢owehonmlumiteanas represent
flush with the surface of a nounting platform The
myHtiplnbargls peri@rmgnes the present invention may be

e B AT B B oty e
efﬂ?&%ﬁﬂf ma-ﬁtﬂ?a&‘@teﬁnﬁﬁ cj%%f;{ﬁg% %sﬁr@% DBE RS GFEH techniques.

i nvention may be teadi
The antenna according to the present invention is of durable and reliable

construction.

The antenna according to the present invention may 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.

The antenna according to the present invention may be readily conformed
to complexly shaped surfaces and contours of a mounting platform. In particular,
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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to conpl exly shaped surfaces and contours of a

mounting platform In particular, it can be readily
woaofomsrdbl e to an airfrane or other structureBCT/Th®06/000107

antenna according to the present invention may have a

| ow manufacturing cost.ln summary, according to one

broad aspect of the present—brvention, there is

provi ded a di pol e antenna conprising: a pair of

opposiy ehinfdly, 8et@didc2e Gid Bhad d¥PeQUth8 Prénfinvention, there
feeding termmal and extended therefromalong a

isqeotidet] asdipsle aatenneasmpaisp@:ti on of each radiating arm
having a_fractal gleorretri c shape; and at %(gast one
¢

pai r ®iPai elcennasiflysHrsted wsirtinguiEes ¢@wIebHhaderdige derminal
oo RRIT S ek Rat MRS P50 Eb0BRY g amn
hfﬁ%g%tfﬁéttﬂgeehﬁtﬁ@ﬁm kagig@l portion of another

ati ng m Accordi ng to another general aspect of

t he pateleasttoniepagnd i dectrichlestentsscapifipuretefbrapnataiior anleast two
devi ce conpri Si ng an antenna that includes: a pair of,
pelsprosilectey vithie dhe dractdinsriien) of ons redapng drmocgrespondingly to

f eedi ' .apd extended ther ef |

xS APPSRl S PP b AT B betR R efing ar m
havi : | ' - : :
pat 1 SFCY AR I ARSI TATRER oF Ml Bt aR Sy, thor is
pr®addd dmelep@odit Sesiet eotrpdisitgt 4 antéie thee@thideportion

of one radiating armcorrespondingly to two points )
sel ece @aingi ppposithly direntedradiing amotoumed ep feeding terminal

radi ating _ar The antenna . further can canpri.se.a .. ..
and PRnded HREE R AT Pt AgSt r Iental DUEHER b festyiadiaging arm
hbfhe SOHRIANS SRS, DAL, g oPPOSi el y direct ed

ra igatlng MR to A toaxial cable to provi de a

bal angeaitese paExenElbasicall sHuRe @Irfipuk@Nfo: daMédRg at least two
i nclude, but are not limted to, communi cati on devi ces

pomigseledad avitliinkbe fraskil Iperiitoné one RBAETing emnt eorcespondingly to
oAt S LT Bt S AT

Ei K T R A R
aft® cehgured 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 yet another broad aspect of the present invention, there is
provided a method for fabricating a dipole antenna, comprising:

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 havirig a fractal geometric shape; and
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According to yet another broad aspect of the present
invention, there is provided a nethod for fabricating

wa 206827 ant enna, conprising: formng a pair ®8ET/1L2006/000107
oppositely directed radi ating arns coupled to and
extended froma feeding termnal along a central axis,
at |l east a portion of each +ddiating arm having a
fractal geonetric shape; andforaiing at |east one pair
of el eghiihgak 1BHBAS p&iP Wf'e%&ﬁ@alfsﬁﬁn@%ﬁ gﬁféﬁlgfo@tconnectmg at
| east two points selected within the frac portion

leakt dme> rpaditat iselgetad mwdthin etheo fdicted| pottiont vl pakntadiating arm
selected within the fractal portion of another

CPRRAPRIIEIN 1 (VTR eDofBishaelcFigrt Hafie dhe cBApAl Rorier Mfhguother

u rranged at the feeding term nal and
r%d(%%m‘%%?’rgd for coupling said dipole antenna to a

coaxi ghe dt

s Do R o B QAT b Bt Ao e feeding
tdrmanalr &rsl obnfifered nfoe ndoupiing csaidaipdlaeantatnai toed coaxial cable to

descri %tl on thereof that follows hereinafter may be
pEatides a]r@@é@%ff‘@éd and the pr esent cont ribution to the

Savant ge s e Bife e o oBal B thafiorfiph Btures of
ﬂ%@éﬁtﬁ% 9@%{ dPfiled @&?@Bﬁé’ obtE ffowstRere énafter may be

WNGS I n order to un ers and the invention an
bs@ﬁ urlsrdtbodremdithe pegsehtecbrotbutich wmetamaay rbe ekger gshreciated.
embodi nents wi Il now be described, by way
Adsliionakideianly aadaadyrpagonpy | theninventies @rﬂé rb@eset dortinén the detailed
daccorrpanyl ng drawi ngs, in which: Figs. Ato ID
PYH*IPUPPat e several typical exanples of conventional
fractal antennas; Fig. 2 is a top plan view of an
exenpl ary fract aI di pol e antenna, according to one
eimbodi ment of the present invention; Fig. 3 is atop

o R TG AP AN R oo
rventl op B g5 48 4B S AC L LUSUBLE SHSTRIBNL e i

practice, preferred embodiments 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;

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
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;
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dependence of the input reflection (return |oss)
coefficient for antennas havi ng vari ous
woaodeioges7at i ons; Figs. 5A, 5B and 5C il | ustrat 8CT/IL2006/000107
exanples of a front to back cut of radiation pattern
in electric field plane (E-plane) for antennas having
vari ous configurations;Fi gs-8A, 6B and 6Cillustrate
exarrpl es of a front to back cut of radi ati on pattern
n mpgaetd L dn ahd ot ‘"f‘l‘ﬁ%t&’t‘e" @i ks oG iﬁﬁﬁt% N2k RAY bPYadiation
varl ous configurations; | S a emati c
paitekaviiaw mbgidie afitldn rlﬂaneacﬁémﬂarmg tfor oasteantodhadng various
of .the pr esent invention; Fig. 7B is a schematic
cengWPEANSf the antenna, according to anot her
enbodi. me of the ent ent| 7C shqws
an e%é%pﬁédls &od ei“ﬁ% %&%an I%’ﬁe? teg%? né‘ac%amg to one
effolish toﬁhéjgfes?ﬁ %trate Fig. 8Ais a top plan
npl ary

view of an ex act’al di pol e antenna, according

to swHigl 78BN hepcienmalt sRRYiesf dfhthePhReRMd, hdboedihpORd another
Figs. 8B and 8C illustrate a schematic top view wth

egwodimeciithelpeasemignuentipnand a per spective expl oded !
Vi ew, . coLr ondi ngl y, of an.exenplary fractal pol e
ant elig 460 éBﬁWﬁga@ XD ﬁ@PP]étP&)c?@Flﬁ’é?HVeoflaXeh% formed on

d%&%ﬁ{&?égﬁyfﬂd Qn.iand Fig. 9 is a schematic view of
an ele

CE¥oni ¢ davice i ncl udi ng an antenna of the

Pr es s, 8 AVERtdPPlan REMNOE R RER -ﬁla@fﬂ@ gﬁ;ﬂeﬁhQ according
EMBODI MENTS Thé princi pl es and Operation di pol’e

t@astilé amathecanbadingnt of tHegprpsens antentionpnt i on rmy be
better understood with reference to the draw ngs and
t he dégorihspi - divetratp sﬁhemattwa@pn@eanethssqp@tat@dw sadiating
hese .dra ngs. ar en for illustrative purpose
oG Rt PRBO R ﬁ%@ﬂ%‘eci" $195% SqrrePPRdinEie oL b gty fractal
dgﬁ)lé BSteHR AN 98in el e{h(}tﬁé‘freelﬁt?(%cﬁl'h%ﬂﬁgfu ttﬂgﬂr:és%hﬁnvenﬁlon and

signate corres ng parts throug e seve

Vi ewdig.F ds a%chélhwﬁé Kedve ofl af GBI € dwiiew i@fludid@ an antenna of
fractal dipole antenna 20 according to one enbodi nent

thsf prepent prrespéion.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

The principles and operation of a dipole antenna according to the present
invention may be better understood with reference to the drawings and the
accompanying description. It being understood that these drawings are given for
illustrative purposes only and are not meant to be limiting.

Referring now to the drawings wherein like reference numerals designate
corresponding parts throughout the several views, Fig. 2 illustrate a schematic view
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
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invention. It should be noted that this figure as well

as further figures (illustrating other exanples of the
wanwez7of the present invention) are not to BC&IE2006/000107

and are not in proportion, for purposes of clarity.

The fractal dipole antenna 20 includes a pair of

radi ating arms 21A and2l B coubted to feeding termnnal

22. The feeding termnal 22 includes a pair of feeding

1B esu8d 18Tl &AB QK8 2! Th%hi‘éediﬁg! 8Erh 31 22"BicRes a pair of

and 21B, correspondingly. The radiating arns 21A and

feadngxtieexd A9 nartch@MBeadtiupted o nihearadi2ting @pROA1NAe and 21B,

di rectigns along an axis O According to this

CORSERPIFEREIYof the invention, the radiating arms 21A

58 M0y bt U L s et 2
c@%é@it@ ({if&?ﬂoﬁé %819 3 V&S !@.p%cdg‘?(ﬁﬂédhon Q]gfsoelgigk)aiment of the
odi ment of the present invéntion,“the fracta

igeaniing kite et OirmNe1 Aadidal 1B §até A5t g’%%e%ﬂil@ sh8p@ In the

Si er pi nski gasket. Preferably, but not necessarily,

general aetiset iahdeastng pakioandf 2daghl raslidting acommust phaiena fractal
The feegjgré% i nes 29A and 29B are coupled to feeding
g50MLC and 22B sel ected at apexes of the |argest

tria . S ' ' ryrespondi.ng to.the

ot agiteRling £ B SoSBRERhE G ThESRRRRY thiehon” the fracta

gebfie@i¢c GRap@tdfotR r&Bhfing FdsadiAYapd A1 ib é@ljginski gasket.
geonetric shape can be higher than 2. It shoul e

Prefeeably haut et meceaddayily,tthe ridiatih@lange @tet and 2$Baleirvh common
he radiating arns is not bound by the Sierpinski

P¢dB8ket shape. Exanpl es of the fractal geonetric shape

7l 59800 MO T B B S SRS gnc 228
SSEERATAL oS S aeLiy S BFSL O Sals o
radivéng anns 21 Aearld2 UBS¢ortdspandiey. A eeRritidekiatid aTkelf-ditilarity

in the formof an equilateral triangle. According to
o&rtbe Heactalrgoonaisin sbdpe loen free bigiter itheert.i Bnshoukd be noted that
glgﬁér%ﬁg,ggg ﬁ’ggtgf lg%&x@glg?cr gﬂag)sekéf %%Srlé?ﬁat{nsé eILrTnst Psenc];tolgor{]m% 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
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 triangle.

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

The antenna 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.

According to the example illustrated in Fig. 2, the points 25A and 26A are
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The antenna 20 includes a first electrical shunt 23
and a second el ectrical shunt 24, which are arranged
wakommezsrt e sides with respect to axis O GeneCaiizop6/000107
the first and second el ectrical shunts are configured
for connecting two opposite points 25A and 26A
sel ected within the radiatindgOarm 21A to two opposite
poi nts 25B and 26B selected within the radiating arm
sélbBredCar Ve EBONEH 1Yl YascASCRIeiafitkst @riér%ﬁxlﬁxgﬁgbi%ski gasket of the
illustrated in Fig. 2, the points 25A and 26A
radiesef acne2ll &t whiletthe goimt 238 ahd 26Bohret fwdedtad gestrtices at the
triangqul ar Sierpinski gasket of the radiating arm 21A,

bare PE thenargesit itiange Bivapmel ssskes ef & watlisiing ermi2ddy As can
bdsepbng PoHg 25 Adi 748 58 pyrbaghtcTis LA ERb g gymmenic
VAR s e&%g\tﬁ@gxigt(iﬁ as well as the points 25B and 26B

are symetric w respect to the axis O It should be

not edt sthaild theendted &hat QR inSeitedn BotBdb&Ynd BZ&hisomhﬂi@m of the
of the points 25A and 26A. Wen required, the '

peinds t254 andstamt VeBerc aequimthebe cestripdi shurde2® chrdconnect any

upon verge 27A of the radiating.arm21A to any point
P@E}té@fe@aeijbw EHErgs s ag M W@l%&gg & 73 Afo grg point selected
i.ating. arm 21B at i W L h. respect t he axi. .
BP0 P Sp e BeaP 22T X Te el BB 1B LS8N0 witn
apedN@Ptheaixid OF & h&IE1M A & '
rSgrECPcall e SORRSH LS, TAFEIUA SRROCE! (et WG at
obpesiteasidatwinly respece i tlicoaan)OF ok espasdiang mehntelected upon a
sel ected upon a verge 28B of the radiating arm2IB. It
vergsul 8A aifdbe padiating dirmhal Avibemyr eguispeddimgr poinhagleoted upon a
l.ectrical shu can be used for coupling the

Vg%r%ﬁcg Hgﬂ%ﬁﬁ?ﬁha@ﬁg a&%EﬁB For exanple, two or ;mr e
| . . . .
e T AT

sh@ME RaRWEDRid Rfr RRIPTHS tﬁ@'r@&f‘aﬁﬁ%%rﬁﬁi A R 208 3k b Example,

arm 21A to the corréespondi ng nunber of points sel ected
twbtdn marbeelectdialt singtsroam2idB.arfanged it sdnohssida @xdrphens with

of a fractal dipole antenna 30 in which the radiating
respRet to19Kia Rtpamngebions s seersd epgn nwabg) ofspaints selected within

electrical shunts. .In this case, a first pajr of op
o5 b 413, s pRER g s ST e cfersed pyithin the
rédi%tillgﬁﬁﬁsilﬁ.r F%Egyls%w?' & Bdifsle 9P5KEARaLCHipoE antenna 30 in

radiating arns A and
which the radiating arms 21A 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 triangular 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
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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21B, i.e., simlar to the connection shown in Fig. 2.

Accordingly, a second pair of shunts 31 and 32
woams®st7 poi nts 33A and 34A sel ected upon ver ges/122006/000107

and 28A of the arm 21A to points 33B and 34B sel ect ed

upon verges 27B and 28B of the arm 21B. The antenna of

the present invention may belfed using any

conventional manner, and in a manner conpatible with
ettBfhat %[ﬁt%??ﬂ%vﬂ@) @l 8 BineRteRCior a8 rhditflhg afB991 ACat 21B by

receiver) ftor whi'ch the antenna is enployed. For

pevadipbe, canexstozr(nad showit) dtrht eat @dnhe pair dfehe deviing dides 29A
to the radiating arnms 21A and 21B by providing a
andARBc tnd fistening howaxichcablserany ashen thanspaipsionfling{got shown)

f eedi ng. | i 29A 29 d fast eni i al
besSien Wi onfeeater st il T he  (nat “shoan

bet : . " .

e Rswilinbe shORAHARCRAS A\ B FLAR mAhlso BPodcoted to

theandeeihedtrig vide bahgi.ating arns via a balun. It can be
understood that a variety of manufacturing techniques

can Becampkoysigrseodrhaif actgiety ohenanufasuriagetdchmigeanaan be

B S TR, S Bt S W28 % 2 e s
i-al . f A i .
o414 5, 2 A5°RS ELFL Afly SMRLST Boncucive

AR A IBhE FsDEnd 98dBRI Sbc@ichl RS 28t ART 28ksfwell as the pair of
supporting conductive materials. According to another

thextesping, lindse2 BAtaed20B aan e fowiet! afie wisubis bthet selfesdpporting
of a nonconductive material. Exanples of the
corshishivgueateiialsmat eri al i nclude, but are not linited

to, Teflon . 0., Duroid provi ded, by Rogers ,C.
Eooncetling Tobpothdl! ScluRibo i Siha SHATHE i an, posubstrate
t desj j41e t t .
nfifi | OF B3 hauRAGE 1BGrchial CBRBBRes! BF (BE' S MAnGAcEre material
iniide) raut ofre trtvt slirktadabe Teflohh@. gy Ereold prorddéd O Regers Cie),

be nounted flush with the surface of the nounting
Eppay f(egm FR4Y. stca Thémisishcimpantanddvnivey ofrtheadesign, because it
cHIE! R 2oT R e e B A, B S, e i
aBhFL 3R 15l e@(ﬂ{ﬂptle 8f tfe present invention may be mounted flush with the
surface of the mounting platform (e.g., a communicating device) or may be inset
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 the substrate 71.

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.

The dipole antenna shown in Fig. 7A and in Fig. 7B can be produced by
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substrate 71 is illustrated, according to an
enbodi nent of the present invention. According to this

wentmisrent, the pair of radiating arns 21A an8CRUAR00&000107

fornmed as a | ayer of conductive material overlying one
surface of the substrate 71. Fig. 7B shows a schematic

si devi ew of the antenna 20 bul?t on a substrate 71,

accordi ng to anot her enbodi nent of the present

ushve bl etandded Prtited clréuit hechreFhadi ARBhdudthey [aéf@t dbAding the
arm21A is forned as a | ayer of conductive matéri al

swacey o ghe sebsitate aen, 6r tteenslapbe rathed 7o, forn 4 eadibting fractal

adi at.i.n -m 21B is formed as | ayer of conductive
sﬁ’&?% ©; élileg %?3‘@?"!1}8 %nsaﬁ&%%ﬁ%ﬁy,f sgon; trehiigues eaa ke employed
i g i Fig..7 din Fig. .7 .
o RO ARLERRLSON BB 1A Ay Sl e
dheatnyued. 24\ a8 0RElU Gk itRY Jaay 8F t}%V?éédYﬂg‘QinE§‘29%u5 @998 can be
of the substrate can, for exanple, be ®etched to forma
foaiedtas srips af & dyes dpendctivemasaiatingged 08.the surfaces of the

ternatively, deposition techniques can be enpl oyed
segemlt he fractal conductive | ayer. In these cases,

wer 1 hsBoRB B FBRoq Sisouiy FF HedBusa ARy 5ok 218 are
BEMEQ B rRFertsidRS e %uin?t)(a?% AT vEANdUGEd %s%d%% %E)hgécting the

arranged on the surtaces 0 e substrate

condutivd tayerd et @adon datferehe5ided @ fTBe sabdtide 3 MFiZ AT shows
and 21B are forned on different sides of the substtate

aplexamyEe of drovh theusdihtingr aroo ihAchiormegd tdmeomosida off ithe substrate 71
| ayers arrar&ged on_different sides of the substrate

o bergopneptedsioothe nmischprianged Reihe ipdharaddent e substrate 71
. i d fah b t 1 b

BT P, 06 T 5, S, b Sy o
o . om . .

c%i’ﬂlefd ﬁnéﬂg%%@%ﬁb&ﬂatﬁﬁluéﬁ({‘ ‘Ea?mg n%tcéﬁgggtzkge é&r)?%l érg%e internal

or exanplfe, be in the formo

sthfaoe offf thébosasbAtceatding 1o ancthba¥kafpR, ERNBORE inY®y BOYRIed with
on the internal surface of the bores. According to

aeaesdhetve ruipial, cehwitbone! ping. be filled with a

o LIRSl ol SRl e aquenc
hhed | @&t {

DRt PR AL F&1 oy S dhyed s b e guteane

showntineFipl 2Nty BRPRASE AsFerRfens® of 8%, R SR antenna which

ant enna whi ch
does not include shunts 23 and 24 are 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 permittivity 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 dﬁnension of the base and
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 -10dB, while largely
decrease for the high frequency band.
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does not include shunts 23 and 24 are illustrated,

respectively. These graphs were obtained by sinulation
wohodsls23or operti es of the antennas printed on BabsL1084/€0107

havi ng a thickness of 1.6 nmand a val ue of the

dielectric permttivity of 2.2 that corresponds to

Teflon (e.g., Duroid). The +dBgest triangul ar

Si er pi nski gasket was selected in the formof an

'SosﬁgﬁssArdrﬁf‘SBeiﬂdsﬁa@é% leSEIFS %rﬁftotl@éaclﬁﬁteop?éjdiaﬁon

sides are 9 cmand 6 cm respectively. As can be seen,
patteinnn theotrhfisldsplaie dBehidde)t forahe anvemal diogin tH POL.€2 and the

fractal antenna can nodify the frequency/return | oss
petemadoerd ssinglar | antgana i whichr doehendtoindlndeusneys Ehdnd 24,

PR, Ao b P B b SIS ST i o b
hEP BB Lo RRERIS ol FaRCIP} DebEaS: iRl dhna shown
it FRGURRGH thapditEhDfor DEndld Rikerdd WhidAdSeseXAMRLRRleShunts 23

a front to back cut of radiation pattern in electric
ahile24] péspeeti¢d@yplinepnf be ddea, ankdemnawehelmisn2Fi gnd 24 to a
and t,heagat,tern for a simlar antenna which _does not L
copyeniimas Khipels fractahanterna despawtichenge srgbieanthyllye radiation
Figs. 6A.and .6B illustrate exanples of a front to back
bgh%ﬁ{)r 8ﬁ S on pattern in magnetic field plane

(H pﬁ@f&%riﬂ:gofo tlﬁ% 84t en ?%""&ﬁv@ dt Ghe antefith 808is illustrated,
pattern for a simlaf antenna I ch does not 1 ncl ude

‘asbutdigy #3 aafethed endteepaeit yethe infentan. PhRe 2Q&Mnad8HimGudes a
two shunts 23 and 24 to a conventional dipole fractal

bahmediharrdoged atothe dhedigg teingnak 22 and lcpnfigeradafi abiypling the pair
ehavi gr .of the antenna.. 10 Referring to Fig. 8A  a
of GhE B GlAtiDE s 2 Gna e o il GRPLA 82 4 provide  balanced
£ cd:ordi ng to a further enbodi nent of the invention.
é antenna 80 includes a balun 81 arranged at the

f eedinget @IHHIdRbT Bte BAGNCONh FUEGHahOL vRALRA e@lgodcﬁll%ent of the

pair of the radiating arns 21A and 21B to a coaxi a

peaseheirB2ntion pribvbel shawh dleaciabelofxeadth dFerdnde $¢ Higd. iSB1and 8C
of the balun 81 in accordance with an enbodi nent of
tagréhess ewbivh ilhwsdrate oh tap| viewe witbweerseated nisdliingniarms and a

f to, Fi gs. 8B 8C toget her, whi ,
PPPEET T SR VB WOt h A p SREBY adreftingdinale entenna,

c@ﬁgsﬁ’bndingly. According to this embodiment, the radiating arms 21A and 21B
are formed on different sides of a 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 material formed on one side of the substrate and a second layer 82B
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 ends 832A,
832B, respectively. In turn, the wide strips 84A, 84B have proximal ends 841A,
841B and distal ends 842A, 842B, respectively.
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perspective exploded view of an exenplary fractal
di pol e antenna, correspondingly. According to this

wentmisrent , the radi ating arns 21A and 21B 20Para&L2006/000107

fornmed on different sides of a nonconductive substrate
(not shown in Figs. 8B and 8C, for purposes of
clarity). Preferably, but n0t141‘andatory that the

bal un and the radiating arns are all forned on the

sane BhDBAKAISY isldimnRaledRo §le 'f&&fu‘i’@ §§1rﬁs boAsss ﬂh@%ﬁﬁlating arms

82A of conductive material formed one side of
Zlbst thet proaidaleersls A3 bfthernaBRBy 25083 & ohikestise,ehe balun 81 is
material fornmed on the other side of the substrate.

cpraceiedsio t@ﬁdfegé@@maoiatsthqf\ﬁ@elrasi@ﬁ@gm 21B reapbe iproximal
raJI strips, such as narrow strips
%’gﬁggg#n%é% ‘ps 84A and 84B respectively.

The npgd éts{r ﬁ%ﬁé@g&%@ E@ezgmﬁﬂ% LB %lgﬁer a}:)f]tﬁ‘eu” proximal

831B and sta en respec Fve

dnds 184 11Ah @4\IIBd foséldnRsle '%SII?'@VM@ PO ca%nﬁjesm the form of
841A5 30 841B and di'sta S 842A, 842B,

F dopechrilles yhrongh bdleusutBirates andnfidled edith cart kdediedi agnductive
ol nts 22A of the radiating arns 21A at the proxinal
Eﬁtﬂ‘gagmA of the narrow strip 83A Likew se, the bal un

? ; d: f?eﬁgﬁg(ﬁﬁssq%ﬁ 83&{]5%({1@60“ 1 Isﬁygi ng%@gﬁgﬁfgpkﬁetpﬁgch other at
théi r&%lséﬂdsmﬁﬁﬁana_ AW 15*5@ 1Rhahs BE a mﬁ?ﬂg g‘?gé‘ eleew1se the

coupl ed to each other at t elrr proxi
BubBy sfrr 838 ampl the widestrijs S4B age 86upldh €o ¢héch 8thed antiher distal
in the formof a bore drilled through the substrate
cadg 882 Bl §42B bymesns of pilwidgieg sidic85Be mat eri al . The
ri ps 84A are couple

d
o cabiFistBr it nohip bt dhadhaet dupal Whasmnokps 834 and

d ik e e_narr.ow
SEERBE B da o] At Bl e P s P R 1B e e
S eIrheaxkndtH ffthélbsikg ngesﬂﬁﬁs §§§Barﬁ‘f‘8151§ 18yt éﬁ?ﬂ{é%e QUrif could
bridging strip 85B. Preferably, but not atory,
hobhdita. admmeviod tthobshdvine) prvided &ir rdqm@h&gﬁthara@htﬁﬁﬁ $®t@hk coaxial
| east two times narrower than the width of the w de
cgble (et gap¥Bhd 84B. The width of the bridging strips

85A %ccorgmg to t%kjscgmgh 11nenteﬁle fi rtsE Iaga s%ggn(g conductive layers are

printed on the substrate in such a manner so that the narrow strip 83A of the first
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 versa the
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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hol d a connector (not shown) provided for coupling the
antenna 80 to a coaxial cable (not shown). According

woaodshisss7enbodi nent, the first and second condBCTiIK®06/000107

| ayers are printed on the substrate in such a manner
so that the narrow strip 83A of the first layer 82A is
posi ti oned beneath the w de—skx+p 84B of the second

| ayer 82B. In turn, the narrow strip 83B of the second

Wi eri ﬂ@e@ﬁ%bﬂeﬂ@@@é’%ﬂi/&fvélﬁj&.w de strip 84A of the
first Tayer 82A. In such a configuration, the w de

stri RééBiny tbhdigechid ahayesemPlBy agtaphasiepictingunie frequency
(gﬁan for the narrow strip 83A of the first |ayer 82A,
gn

nee Qlethealnpré roflertion: (e dnassf cachiacient 6%,,) aféhe antenna
83B of

FR0-0E0e8 2k M Getic el SaEitRR e epmpaIed to the

SROAETSS  SHBY P 0y BB v
shupsdsrarl 24 td;%meﬁf QX Ele 15 & th'EQ:cﬁlﬁfEh@Mﬁltdi@cge fractal antenna

i rpedance match, the width of the narrow andvi de
sigrmifipantlyamadsiéfiesdjthes refurn dosse qarnetdristid. ulss sudRefaecasengne broad

FAGpahHE RS 51OR R RS FLRNGISY FGROpr D G YbeiWo bants were

A O LFR) PRBENR Tl G Radlgm oo

shigtscor r espondi ng curves shown in Figs. 4A and 4B one

can see that adding two shunts 23 and 24 together wth

t he MEigurdQ and W€ dhustretetd froat todbaokl et off aasdiatiorapatestnan E-plane
significantly nodifies the return | oss characteristic.

apd 18 fkRlanecedyeespondinghp Ser the agteana yhewndn Kigs BBeand8C. As can

i B0 st € G PR T DA PR S b ChnBpdo s ol fractl
Rk ek s AR SRS U o T Y, Byiona
abtgeinane and in H plane, correspondingly, for the
antenna shown in Figs. 8B and 8C. As can be seen,

addi dgfermimgsiouliigs 923 sshamatic ameiv lodl annclgdtremic alevice 90 including
convent i a does not change

(5 BRI AMOF 19 6P P R DS GropiBas to T embodimen
O%Qt%eﬂtege% ailnvention, the antenna 20 is mounted on a back surface 91 of
thedevice 90.

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,
remote control units, telecommunication with satellites, etc.), radars, telemetry
stations, jamming stations, etc.

As such, those skilled in the art to which the present 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

readily be utilized as a basis for the designing of other structures systems and
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antenna. Referring to Fig. 9, a schematic view of an
el ectronic device 90 including the antenna 20 of the
wonrem®srs7rnvention is illustrated. Accordi ng tecThL®06/000107
enbodi nent of the present invention, the antenna 20 is
nmounted on a back surface 91 of thedevice 90. It can
be appreciated by a person ot0the art that the di pol e
antenna of the present invention nmay have nunerous
pRRekies Fbt oatyingd vat thesievetal puppdsealoif d[ESpHeBﬁitudeﬁltldIlJt
is not limted to, various devices operating.in th
f r eqlicis cappbrent thet tho autenng affie peeseo @A@ntlpn is not bound to the

e R o NI T
ogdl?l?(% gétefjg%)ﬁ%iy b HQ{iﬁer? BYLherot 'a'hﬁ 'S ngé SF MU AL Platform.

radars, telenetry stations,

Tjiledurs8d tHed @&Héﬁnﬁeqﬁfd‘d the ﬁi'dﬁdlmgt haae ki hived & Rolunee (three-
art to which the present invention pertains, can

dgppmﬂmkl)eda&acﬂahgemmmlm Shae?pr esent i nvent i on has been

escribed in t

Conciro ot A S SR TSy gove i
b

SR T L A LA 8 S o

ar> ©Y &fr&tal %I@ﬁ?s@a‘klﬂé thBeclRr&geMdtidsn¥L hé Wdrrekpohding array
apparent that the antenna of the present invention is

faebr. Fautidrinord, hehax soyuiired, diis bhey syterstar ¢ag be caqulodittzically co-
antennas. |f necessary, the faorm and sh

llﬁﬁg@ﬁﬁhohﬁycmﬁ t@gffth%wmbwthﬁree leBieR SalSel- 3&@5 é{faﬁent%tches) and
nt kew
IR ke PP Ly G RPRESALABF it = smar

al geometric shape. It shoul d be noted that the
singl'e el enent antenna described above with references
to Filgordé, todlimicth8AadBGondaroreediregtioamergrednd plane known per
array structure of a regular _or fractal form takin
se tmay: farprovisiedstor dbe ginteig eblicepirsaet Wg’ea\?l%yF%éi(@PPle the

gt b aﬁ?éﬁw be EEeEah it e gl dodiiep o AguEnap fif Hitnna and
e %El ”élagé of %Fﬁﬁgsﬁﬁﬂe\’&? wittkh CtES St i%aﬁnﬁ‘ﬂeﬁo Such

Fadiat eera eans, thus making the wh
1ﬁfpﬂéﬁelﬁa§6@rc§f the antenna can increase the radiation d1rect1v1ty of the

antenna. Moreover, it can eliminate the drawback of many conventional mobile
phone antennas, since the radiation directed towards the mobile phone user will
be significantly decreased, when compared 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
devices associated with different communication services and operating in
various frequency bands. For example, the antenna of the present invention may
allow utilizing a single cellular phone for communicating over different cellular
services.

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

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



antenna. In order to limt the radiation to one
di rection, a ground plane known per se may be provi ded
woaoostlszs7ant enna of the present invention. ForpPexanpb&yo0107

the ground plane nay be arranged in a parallel manner

to a plane of the antenna and face one of the sides of

the substrate on which the antZenna is printed. Such

i npl enentation of the antenna can increase the

Ingghét aad cdiliRe tphonky, &t. e AREaND ﬁaaty!\/ﬁ’lrss%eﬁtﬂikéd @ Narious

elimnate the drawback of many convenfional nobile

iptevsysteans, ehgasn coimuenichéon aditlani the ainmmeeewitedesrldAN (Local
ni ficantly decreased,

he mobi | L1 be si
A eoraskr CACH (soral s omprises HaNPaRRL RO G ndustral,
éﬁﬁﬁp@Mgﬂggﬁmgﬁwﬂgfgggmggpne devi ces. Additionally,
the e présen

anténna o i nvention may al |l ow
5 reducThg dnbndemal oRsE BE BIIfARMH in’ CAHIUALaHOhs between the LAN
connectivity between different communication devices
aadsetiuddrephoriet hetdicik e GEYt (Globeli Rosiatontny Sestein)es @8N (Global
per at.i in various frequency bands. For exanple, the
gicdn b Mobilgeopraarigatipmvent i on may al low utilizing a

si ngle .cel | r .phone, for. £o nicatin ver different

cel TUF df el TgBreRL s, BRI Gk Bl Bptihorog) Hhployed
HeRMgRk¢ 85 tHB idfld i imiti
P ey A PN T BP B b B limiting.

10 conmihisciatportant, ibtretae] thae tiwescopodickd inleatiophonesconstrued as
etc. The antenna may, al so be utilized in various

bemeeligyted diygthe dllgsirativg exahadimientstsebforth heucin. tQiber variations are
t er. Wi rel LAN (Local Ar. twork) .. P
PPl e SR e O T N Bo i T ‘S QefinGiain, by appended

chahgntific, Medical Network) systenms. The antenna may
al so be utilized in communi cati ons between the LAN and
cel l ul ar phone network, GPS (d obal Positioning
Systen) or GSM (d obal System for Mbile

communi cation). It is to be understood that the
phraseol ogy and term nol ogy enpl oyed herein are for

t he purpose of description and shoul d not be regarded
as limting. It is inportant, therefore, that the
scope of the invention is not construed as
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being limted by the illustrative enbodi nents set
forth herein. Other variations are possible within the
weceopdszy77t he present invention as defined in PO®IL2006/000107
appended cl ai ms. CLAIMS: 1. A di pole antenna
conprising: a pair of oppositely directed radiating
arms coupled to a feeding ted&inal and extended
therefromalong a central axis, at |east a portion of
each radiating arm having a fractal geonetric shape;
(ﬁgg | east one pair of electrical shunts configured
inecting at |east two points selected within the

fractal .portion of one radiating arm correspondi ngly
Lot @SP{?I@J‘@@I&@@E%mW&‘hi n the fractal portion of

anot her b al i ; T ' f i .
2o OhiAPeRi e FURaMhe R B0LRRIR, U bl Temina
ah @ bxleRdé D EReSh Al dltea EERMIQREY abRASS Forfvh d€eadiPfadiating arm
anot her antenna having the same structure as said
havingranagctidigeonictiostapeaamd at | east one pair of

el ectrical shunts. 3. The dipole antenna of claim1l or

2 fur thiéastciaatsphelearival Snsy somHiplediondoeneeig g least two
oL PLed S RIb L350 Bl AT WePod B Ephsgpainety 1

tW8 pBirRY s&léctdd Rathan ardid &8 dorfton bR EnsthBOtRARERRA Of

claim 3 configured and operable to provide one broad
frequency band in the frequency band where a plurality

207 thepbleaiennnaBesaim logﬁﬁfa%(ggd £08 oﬂéﬂf)%% ﬁﬂ%ﬁg%crease

having the sane structure as s anten ut “wt

of attdrib&dsyes {6 theéheelicney Baadd provadef f@shoting @fted¥ehaving the
preceding clainms wherein said at |east two points are
s@BE exttietiire rasoppd santennag das oithowesaid s tlasstpare pawsofoelectrical
each radiating armrelative to the central axis. 6.

S-di pol e antenna of any one of the preceding clainms
further conprising a substrate nade of a nonconductive
material, wherein said two radiating arns are fornmed
3as a Thyalipale aptsmaaefiolainnhtosr Airthey epmprisingan balufzeenged at

of .said substrate. 7. .The di.pole antenna of claim
i G BREA S ot R s i AR plir S

radiating arms to a coaxial cable to provide a balanced feed.

S

oppos?cely directed

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 any one of the preceding claims wherein said at least
two points are selected on opposite edges of the fractal portions of each radiating

arm relative to the central axis.

6. The dipole antenna of any one of the preceding claims 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.
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arranged on one side of said substrate. 8. The dipole
antenna of claim6 wherein one radiating armof said
woOweweroazi7at i ng arns i s arranged on one si de of PERIIT2006/000107
substrate and another radiating armof said two
radiating arns is arranged on another side of said
substrate. 9. The dipol e antdfra of any one of the
precedi ng clains wherein said fractal geometric shape
is a Sierpinski gasket. 10. The di pol e antenna of
claim9 wherein said feeding termnal is coupled to
A he apEhe dfipelac mtenmangutlaim Sh ewhéreikisaglswot radiutingoarms are
11. The di pole antenna of claim9 wherein said at
arianged ppenp61deal saidesubsitalet ed at vertices at the base
of each triangul ar Sierpinski gasket portion. 12. The
di pol e antenna of claim9 wherein an iteration ratio

f sel i bard f el f : i e FSa:
D! gher 1Yl oG] 6 A LOBREAEE R of Said v
ridiatieg ar@p i apeceicen ohe siledof e ubiGit@an® ahstheptahigthg arm
to the i npedance of the coaxial cable. 14. The dipole

cdneishine tafliatingi amng invwisanged aedndthexiside elowmpd sehstrate.
first layer of conductive material and a second | ayer
of conductive material arranged on first and second

I des ' [ I es. : .
e e SpTRPERIMIS BT e e B AR haRl o mca
gﬁbfﬂe@ri@mbp% iV BgerpinskPgaskai.d narrow and wide strips

ave proximal and distal ends with respect to the

radi ating arns, each narrow strip is coupled to a
f eedpaint of the correspondi ng radi ati ng. arm at i

16 ox | e GREICCARICRG QiHehigh rESpBAIaY feaWes Srmipalgh coupled to
A0 b PreSps T fedies Sl df o
i SO T e R e iR aP e 1P Byer s

positioned beneath the wide strip of the second | ayer
and said narrow strip of the second |ayer is

1dosi t idratipoleamtding off dEns9 mlereih saibatf leasttwogyodiits atdselected
An e| ectronic device conprising the antenna of claim

ag vertiges Fhibie dlage of eashdridesulaeSierpinsldigeslid poieher

conprising a balun arranged at the feeding termn nal

and configured for coupling said pair of oppositely

191 r ectyggl %@Qige '_télﬂlaaéﬁﬁmhﬁ Pt ah &G FRiPEL¥IESimilarity

a bal ance
of said fractal geometric shape is higher than 2.

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

is matched to the impedance of the coaxial cable.

14. The dipole antenna of claim 3 wherein said balun comprises a first layer of
conductive material and a second layer of conductive material arranged on first and
second sides of a nonconductive substrate, correspondingly; each of said first and
second layers includes a narrow strip and a wide strip, said narrow and wide strips
have proximal and distal ends with respect to the radiating arms, each narrow strip
is coupled to a feedpoint of the corresponding radiating arm at its proximal end and

to the cofresponding wide strip of the same conductive layer via a bridging strip at



17. The el ectronic device of claim15 or 16 being
sel ected fromthe group that includes comuni cation

wdeviepsss77j amm ng stations, radars, and tel enePCy/IL2006/000107
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systens. 18. The el ectronic device of any one of

claims 15-17 wherein said dipal e antenna bei ng

configured to operate wthi n—t2IQe—frequency range of

about 20 Mz to 40 GHz. 19. A method of fabricating a
thapodlistah nbdm saidcoarpow sty of fries irstdayerdfiposioned beneath the wide
o&_g}gs ely (S_Hected radiating arms coupled to and L

& SPeih layereand said nawenvisiip af thegseaond hatyerls pusitioned over

. tiéon, of each radiating am having a
ﬁea%@%%égﬁerﬁr@{]?ﬁ%e; and forning at |east one pair
of electrical shunts configured for connecting at
| east two points selected wthin the fractal portion

5. oneAmadlecttinigdevine cOnpESPENHE BleMn Bf EMBLA0I Nt S
sel ected within the fractal portion of another
radiating arm 20. The nethod of claim 19 further

I S| f ' bal ) d he feedi
FR S B L 0 i oS eange o
t : ' . d bal d . .
L e P N

fadiatingoarefs tbheoprial cafile k@GALAOS bafaiBed f&h.udes cutting
the radiating arms froma solid sheet of conductive

material. 22. The nethod of claim19 or 20 further

mprisj ng, provi ding a nonconductive substrate of a
f)f-edet Eb?r%’r?@%f%@réﬁ“% GApisR d P rpriligebaing seloted fdimathagroup that

; i l ayer of. electrically copductive
BTl Sph ST koo Pt SRS st
substrate. 23. The nethod of claim19 or 20 wherein

said formng of the two electrical shunts includes

t&r m rifhs telécponif devieetofl amy loneconelaghi VIS- MBtlidrain $41d dipole
the surface of sai d nonconductive substrate for
Gipg cerfigrrad to eperaterwishindha fequedey Ehee ofalbamd 20fMHz to

k) 20 wherein said formng of the balun conpri ses:
providi ng a nonconductive substrate of a predeterm ned
form providing a first |ayer of conductive materi al
and a second | ayer of
19. A method of fabricating a dipole antenna comprising:

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 radiéting arm
correspondingly to two points selected within the fractal portion of another

radiating arm.

20. The method of claim 19 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.

A1 A rAF T A
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conductive material on first and second sides of said
nonconducti ve substrate, correspondingly; each of said
woiomtosz1d second | ayers includes a narrow strPOTANHO@000107
wi de strip, said narrow and wi de strips have proxi nal
and distal ends with respect éo the radi ating arns,
each narrow strip is coupl ed b-a f eedpoi nt of the
corresponding radiating armat its proxinmal end and to
2he cofhespdnd ofglainm &9 st 20 pyisdreintvaid forming nlthet pateof radiating
| ayer via a bridging strip at_their distal ends; said
gmsdneludppeutting t fadimerayms deom grsebig sheettafeppductive material.
proxi mal ends; said narrow strip of the first layer is
positi oned beneath the wide strip of the second | ayer

fmds' n 1@ e.se6gn leohn$nrisi s 1
posi t ?g%edﬂ%g@}e{ t he vvell ]g{e E?r iog g? ?wletﬁ%iercst rg,}%% . P ﬁvlldmg a
horicohdbictive 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.

23. The method of claim 19 or 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.

24, The method of claim 20 wherein said forming of the balun comprises:

providing a nonconductive substrate of a predetermined form;

providing a first layer of conductive material and a second layer of
conductive material on first and second sides of said nonconductive
substrate, correspondingly; each of said first and second layers
includes a narrow strip and a wide strip, said narrow and wide strips
have proximal and distal ends with respect to the radiating arms,
each narrow strip is coupled to a feedpoint of the corresponding
radiating arm at its proximal end and to the corresponding wide
strip of the same conductive layer via a bridging strip at their distal
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.
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