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WD 2004/ 038858 PCT/ SG2003/ 000253 M NI ATURE BUI LT-I N
MULTI PLE FREQUENCY BAND ANTENNA Fi el d of invention 5

wQab@4iosssesiti on rel ates generally to radi 0o conmeei/eG2608/M00253

systens. In particular, the invention relates to
built-in antennas for radi o communicati on devices for
enabling the radio conmunication devices to perform
radio_communi cation in different radio frequenc
baMNIATYRE, BUAE SUNMBLIIRRE FREQERYCYBANRANT lﬁb’ﬁ as
nonopol e antennas or helical antennas, for radio
comruni cati on devi ces, such as nobil e phones, are
Heldrof inyewiiorect |y onto the chassis of radio
FRM 'tiSf?%échQs ¥ta§ S0 rARNENFhnmiSRioh Q?stérhgeﬁl cular, the
wei ghts of such radio communication devices conti nue
ingentier relatesetoduuilévirs enternag dvrapdip wgmmesisatiaphdeyieds 1@ enabling
- O . ~ . . ) .
G YA BT i A OAE B ol o ROk Py PR
frevnencgbandsi zes. Additionally, as the functionality of
these radi o communication devices expands rapidly,
the need arises for built-in mniature antennas that
Backgompdbl e of being resonant at nultiple frequency
ands. 20 Copventional built-in antenpnas currentl .
BB, AL it 2o PRl =Hp o SF Prifal SPERL 48 rci
stinframication &dvivps duthnasatidtild phore tagmasntdd difsktly atdl thel chmsais

i nverted-F ., ant epna FAY. Mcrostri ant enn re..
A P imzpis By TPV oM et S o s BRIERT B Sy fagio

doadindidatiGh] devieds &vfithse tdedi®iad Ibecau I BT At Gating Nresearch and
centred_on the

pplications, such as the MBOO band
3%@9@?%&&%%901@%“@%@?#5}%%gltt?%s oA iRGe Bt Bt
hewadvahefs &iltolths RhBehtdizedN AldBtionAly"Rbihk SulRk RSty fSthél
al ternative, the_ planar |nverted-¥ antenna (Pl FA) can

1Bdioj copumisAtiaydqvices crraBfly Bridho e nesd afises Fesunltfiy mmiature

KRGS Phdtire daPiRd bafids ARLAN BAnd1p1e BRGIARY Band@ndset s”,
' EE Col | oquium on MTcrowave Filters and Antenna for

personal Communi cation systems, pp.3/1-3/6, February
. n . a . . .

e A R L e

guennase wire-bpey ghdpnd) ihvertpddh eytewtfast ((BA), adid planey ueyeeipd-F

N
dtroweldidib dreqoancy ddurtsefdr anobidmneransiiasion applicsti@nyiushge the
E}E%O& gg(ntd c%r?t?e%ro%t t.ilg pad%oltr)eieqlueency 900 MHz, microstrip antennas become
too large for incorporation into a mobile phone. As an alternative, the planar
inverted-F antenna (PIFA) can be implemented in a mobile phone, as proposed by Q.
Kassim in “Inverted-F Antenna for Portable Handsets”, IEE Colloquium on
Microwave Filters and Antenna for personal Communication systems, pp.3/1-3/6,
February 1994, London, UK. Such a conventional PIFA, which has a length equal to
a quarter wavelength of the centre or operating frequency of the radio frequency band

of interest, however operates in a narrow frequency range.
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phones require the capability to tune to a nunber of
radi o frequency bands for cellular applications,

radio 5. conmuni cation applications. Dual -frequency

band PI FA radi ating el emenys are therefore proposed

in Dual-frequency pl anar i1nverted-F antenna" by Z. D.
P.S. Hall, and D. Wke, IEEE Trans AP, vaol . 45,

IH cﬁdi@on b radusad auienna Sgpolids ergorged g cgxt generation mobile

FhuadsrEdugd H{%Qﬁlyabhﬁ?ﬁi) Al ﬁrhr}ﬁtﬁlb&t I 86 rbRnEyPRAENDr cellular

poi nts  and share a common feeding point

appliggtiens; vwirglessarigcar area s soiwiozies) mﬁwt@m haiid other radio

e g n

CATRLSRRE o ATRCD DILAYIUEYL HETSIFATRIERL cloents, e

ﬂ’rwﬁqresmppoatd DU RuaBaemiereyt anan inverded-Framtenngl by Zleqliand\s.

X?eﬁf‘ %pd bl 'TEE?‘@H‘?B{A%PS 41148 p&fﬁﬁj Fﬂiﬁ%l-ﬁiﬁ Wil §997.

ture Q@enerations o} es. This

Sugh Idpialifrequance baal ovenmes gelsettwo fsq@mgatomte Aatligltany a t&maened

f{:eds Iggg Fa)cgltn%far m;e?thvg? Y uaﬁlélgargf sgécge{t:r ené‘ el co%ﬁlapag d fegdmg

shnmnmdenmhowmmmhadme t he bandw dt h of such an ant enna,

a resistor |oading technique is introduced. However,

the i nprovenent in bandwi dth is obtained at the

[8XP® PakniONoaat6569vA eftitied ‘PhrinfedChwia $pidal DublnBaml BfkRana”20

rrently, n hjl.e phones operate in one qr nor
AP eroabieB g PR 2PieRE, e RGO . (e G p e
gefathiicd o ﬁlobﬂkﬁpllidi@é OThik 6N G)iteBd0coMpisest tho SH@ cob@lfd:d)r
centred on the radi o frequency 1800 MHz, and th

a9d sesopanh arms dhas Are of differepd lenaths apd canalje ebbringvpped tgshfiquent
H3ubiRl DahdsNaIn RR4 32 AR rald e lvaBawilihi ottsash MibdibmBan ‘i’esmtor

Patch Antenna", a built-in patch antenna |s(§%o posed
loaflingterhmiqua isairgticeds Tovesyen the improypmens ibandwidiia is obfed

a@ﬁﬁ: exPARAN BteRhia DO Bl DEHliRalidb er ent frequency
bands. Such an antenna experience problens tuning to
mul tiple frequency bands while sinultaneously having a

(@I gﬁy, glgﬂﬂw\éqogﬁg Gneg ra?J 1ﬁ I?)ﬁe ar”rg&)rgl & {hE CAHE MR é three

ent triple-ba t-in anténnas
frtquepy rbandsothal G behb cé@SHl DCGicR@%o ﬂmm@sy 460 ddmuthe PCS

iRt 208 AEEBARRRT P0 e RP KSR A TS e

méis freqidnvyel 900 MHese ant ennas WO 2004/ 038858

PCT/ SG2003/ 000253 3 include a main radi ator operating
at a low frequency band and a first high band and a

In US Patent No. 6343208 entitled “Printed Multi-Band Patch Antenna”, a built-in

patch antenna is proposed which includes patch elements of different sizes that are
capable of being tuned to different frequency bands. Such an antenna experience
problems tuning to multiple frequency bands while simultaneously having a broad

bandwidth in each of the multiple frequency bands.

More recently, triple-band built-in antennas at operational at the GSM/DCS/PCS
bands as shown in Figs. 1 and 2 are proposed in PCT application number

WO01/91233 and US Patent application no. 09/908817, respectively. These antennas

area networki ng applicati ons aPdI/8GHes/000253
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shorted parasitic radiator operating at a second high
band. The parasitic radiator lies in the sane pl ane

wowdaoh/0s4s68 mai n radi at or and t heref ore occupi esPeUBBGZI08/@00253

space in 5 nobile phones that are constantly shrinking
in size. Mreover, the parasitic-feed technique used
for the additional parasitic radiator nmay have

| ens, in_tuning of the arasitic radiatar. In
15?13% 3 pain 1pcijton gpeTaling aly forcfiecuengy barndc st igh é@d and

Mbdd &i{'ills'itlctrﬁ)dﬁtliﬁﬁ)era{tlhg aPRERShd high bad, aflﬁrpaﬁﬁ@ia WRat&f Ties
the mutual coupling bétween antéenna el ements, _ Tuni ng

igrfhe paaoRiapy With dip mpisadigipe pad fhprafora pgewics glugble space m
rﬁ@rﬁﬁ%ﬁesf thedMe QQHstan%l_Q shlifithy &DeRLS ll\)fore&’%r rtﬁ§ fﬂ%ﬁltl&ffeed
the f OFGQOIn propose ant enhas, a nunber of pro ens
taehinique gsadder. the Fditonphyparasitie r@ilaﬁ@sn@fhavmmbkmé in @ping of the
e I S
Iﬁpa{sﬁﬂrb}%iﬁ t@f Insﬁgl#%tié:%nigé ﬁlg é)eggﬁlg rfgeld dtB%h&lC %{;ﬁ%# dclgichft &8 qme
tHe \paresitic pacbavtmd bmuaquefdthermqmdncgupliﬁg betwdero peienartai elements

ARV o B MBS, aFVeRERO InBMES SRBNRonant frequeney

stronftameowsht | on devi ces to prOV|de five- frequency band
operations to cover 'the GSWB00, DCS1800, PCS1900, 3G
and | SM2450 bands sinmul taneously. Existing built-in

Iarnte@'emasf thie efoleguiny @ropoBabhterings, € @nabert dTeEebléme Gk rexist.

si.mul t.aneousl 20 Thir S nnas ha
R s B AR S P e e ey el e PO euRa et i prond for
‘tSiJJlltI‘iﬂ haseas Slbéd ﬁlatéjdfd)gc@mh{ki)lﬂ%ob afégibbﬁf)fbvidﬁhgeéﬂﬂd -fedquency
ands i na

th &se mul tip é@ﬁuenc ﬁ

QB{TRiQDS f°e°é>aert AT (S 80y PESH 90 SEdads. fddiiqnelle
it asvllnat AnfordiBblBaNe thddb ORNIB NFontrudidsfibh Wetios mabfowagﬁ@a‘
the parasitic radiators. In practice, for th

fEpauenyt bandf Qperationsc ion Pejige the GSMO0G; DIGSLEI%: RQSH%Q f ¥ rand
IEMM@@ bRekauRA0LAloute BHIHA! buik A Rlidds BRI MRRDARHERNG
el enents. Tuni nhg of “one resonant frequency changes
e these flegueaeabands vimplipaseyslsi nul t aneously. There is
therefore a need for a built-in antenna for addressing
the foregoing problens. 30 Summary | n accordance
Tiirdly, dhesa spisovasofave peotilenre iningnto minkipls frequenayvbahdsl vehile

BT AT AR ROy b

Finally, the parasitic-feed technique used for additional parasitic radiators may have

problems in tuning the matching of the parasitic radiators. In practice, for the
parasitic-feed technique, it is difficult to perform tuning because of the mutual
coupling between antenna elements. Tuning of one resonant frequency changes

another resonant frequency simultaneously.
There is therefore a need for a built-in antenna for addressing the foregoing problems.
Summary

In accordance with an aspect of the invention, there is provided a multiple frequency

band antenna comprising:
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a first resonant portion tuned to a | ow frequency
band; a second resonant portion tuned to a first high
wo e@a088368 band at frequencies higher than theCcT/e¢2003/000253
frequency band; 5 a third resonant portion tuned to a
second hi gh frequency band, at frequencies higher than
the | ow frequency band and substantially different
fromthe first high frequency band; and a first
c erfitsigesonan portivn imébiori lony ﬁfyavqmbbarldhe first resonant
Qrtion and &C gﬁ;gta ;
(lc:)ong d reson {? gl\rl}lg%ég? Hl?oun |(Lhn39|c?81|tl(hn§t hb({u%hmes
hfgmdhmh@MeqhﬁmybamiJi di ng an |nput SI gnal to at
t .one of t. resona
s @C%Ha rFsé)g%xﬁ Ef)r?ltzhoaotwel%otﬁ ﬁego?dq 511 e uencx b%ﬂ&j a{ E‘g%uenmes
high@nibn filieolowaficqubgsiandnad @ﬁbstdnﬁally dﬂ;‘kren’eﬁonnaht first high
ortlo nd .t he second resonant portion, and a second
E%‘f‘?&% 36‘3 ®rtion electrically connected to the
f eeglsi@np@tdttpodtfonihatied part biethé fikst ebso@aopation purthé saconds
electrically connected tqg the.second conduct or
resepan poytiom iiedfrst §aaquriopPotHAR BAVitthe dr awi ngs Enbodi ment s
of therohAUeHbdi@N are described in greater detail
hereinafter with 20 reference to the draw g
whi chfeegting ppigifor providing)ap dynuhsigna) i 4t desst gF PB‘ih §f$ Tesonant
MYt d B kBB G Y0P forBibh BRNRS reckivBidaf oftpld Sighsl fréth @b
a three-resonator antenna according to an enbodi nent
ofleQSh@ne of ghe firgtapronant ergen ardhibe sscaryl IeseyaRiPorioBEncy
%@&ﬁﬁlﬁ?&ér rtioh eREEaIR dohﬁé&%r’c@ﬁﬁ%eﬁﬁ%lﬂ)&m@ of a
SII’TU ation a a neasurenent of the return | oss of the
whadmumﬂnrénwm portiomriisyeleasrieplly 3enrerigd tethe spqond sendyetes
af.qur-resonator antenna according to another
P rr?oodl ment of the invention for achieving
five-frequency band oper ation; WO 2004/ 038858
/,5G2003/ O?t%gaéa Figure 7 illustrates results of a

ﬁ;fe FETPER" 8 WEEUrn 1 oss of the five-frequency
Badvodimenan b nixa inventleing tiee dGprilbaddind gléagurdetil8hek@nafter with

lustrate, further .enbodi nents of the invention for
g&ﬁ?‘?\/ﬁ"ﬁ&%‘?’w%f Wh‘g?equency band' operati ons.

Figures 1-3 illustrate various prior art multiple frequency band antennas;

Figure 4 illustrates a three-resonator antenna according to an embodiment of the

invention for achieving a quad-frequency band operation;

Figure 5 illustrates results of a simulation and a measurement of the return loss of the

quad-band antenna of Figure 4;

Figure 6 illustrates a four-resonator antenna according to another embodiment of the

invention for achieving five-frequency band operation;
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Det ai | ed Description To address the foregoing
probl ens, enbodi nents of the invention are descri bed

can efficiently provide radio comunication coverage
at triple-, quad- and fivezfrequency band operations.
The return |oss and radia?ion per f ormances of these

antennas are investigated through neasurenents and
Figur,T Hlustories reslis ofzar smplageniofdhe wiew laseeldhafiveshsaugpeydand .
| Ve Dhi3. 15 In accordance with a first
a@%@%ﬁ¥£§é§9§3§%he i nvention, a three-resonator antenna
is described. A netal strip or the |like conductor as
P?%Jr%dg;lig !ilﬂlrgéa!tte "R HRL ?15195dif3§nt? oF Bt iLl‘yenti&‘P ?&%%%1@@% ﬂlu?tiple
ed strip and positioned at a plane perpendi cufar to
feqoenoyhahdplpamatonsand a nmai n dual -resonat or patch
radiator. As an exanple, a quad-frequency band 20
antenna for covering the GSW00, DCS1800, PCS1900 and
RGikdamitscrigioachi eved based on an antenna design

TonBarh e P ERRGRANT: B0 5 POANER £ T

hbRufaftte SO N@latén a6t Bk | dtenAdsC tHatl adaa eeffitibhitlya ps@ddendadio
enbodj nent of the invention fo chi eve  a

CPIRUNICAURN STERE® BatFBleo Pt g riTecTaBensY brnkoRsENigBD, The
6%l B and addP0p ,p_e@@n@ﬁ&s' oPMB&e CanbaR&tSare 315~{e§-tﬁg'a&di through
done by the_ addition of a second nmetal strip or the
moaREeRgiy dad Stmwadions thapdra Based 8 § cagmsicil Joftwrpepamely
~&ithask grents of the invention having different
configurations of the three- and four-resonator
antennas are al so described. In such three- and

I]r;l g ordae OBk Qrirst 3B AR ESthe ﬁrp»f@ntfo%[ g gfgjéer-‘tfgscﬂlﬁf?)p L &Bna is

ating to the parasitic-feed techniq or an_
destaiibed. oAainetplesiiim et e likp canduoiov en i addifionsd fesqngtog is directly

DDk HEBTBRDscEr R REKAER: I round pray

adi st inaiot dueheesdnetovvpatah trivkaton| Ak aneseomplt,0r qeadtfagquersy band
according to LdFEN t k SNRENL . .

BERGE Rl Bt A7 PR DT bR hor PO SR e otioves
Habedsdnl ay, an@nneadbdigh carept. BySorilatr osing theantepmixizsigmesticept, the

ntenna is directly,connegt toab feed strip of the
BREBaP R, ARTEn ) PhaREae] o Rt 8 JaiGpsophiot Futhnd 18
aeoiiait wahal seeandtenfbodimeht eftithe iogntimntdr sdhiewa adivediequency
bgg I@E%rgtyo%l to rcgée? r&l%t (%MbOQ'O, %&% %8& IPtC'S? 9(%', 38‘%% I%&Pﬁ%%ands.
This is done by the addition of a second metal strip or the like conductor connected to

the feed strip.

Other embodiments of the invention having different configurations of the three- and
four-resonator antennas are also described. In such three- and four-resonator
antennas, the foregoing problem relating to the parasitic-feed technique for an
additional resomator in a conventional multiple frequency band antenna can be

alleviated.

inrelation to built-in ant ennESI/BG2003/000253
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WEomKissssed on a

connection to a feed strip. Furthernore, the
addi ti onal resonator in the enbodi nent antenna i s

ground plane and a mmin dual -resonator patch radiator
in the enbodi nent antenna. ;I n the conventi onal

mul tiple frequency band antenna, however, the

addi tional parasitic resonator connected to a ground
Thergree g pember of Histinctingp bsbweend eslépl&rra&oe@romnt@méﬁmca@é@g to
eﬁ%gﬁﬂﬁnﬁadér{héj Hﬁrlentfoﬁsaﬂﬁ %BR\FenH@ﬁa? Phufi ?ﬁe @NBand antennas.

positioned in a plane generally para to the ground

Fxistn einzadditiohad resanatordin s embsdimsgoimigron ipdirestly cemiegied o a
S r el
R e e L G M by
fequangy ibert amsennel e addisiosal césomasomis bipamsiph clvesnt Wit direct
2anten ? a%&%suyseful for providing radi o comruni cation
' a om;freq é%cy band and nultiple high 20 frequency

bands. A nobile phone or the |ike portable

(SO B DB RRY Pl ROEnED AP RSy s
pﬂarne HeaaaNy lpanpelxsdlcsm ho asgrotiel planegad agm4sbMARIOesIn6iSH POXoH

1900 3G.a | SMP450 b ds centred o

T e SSOBmeRL SSHR0 DS Coy SRRl ireduency band
ah%ﬁjih‘? GbwHRE the ddailRMAparakikie rd@ﬂﬁmlcﬁﬁ&bteam £H0as Fae \ﬁ@&
restricted to use jn 25 these frequency bands

shertiag pingis ISgPagAteder displepb om,g wpinflyaliseppigr Bq,t%h ra?hator 290

p%&ﬁ&ﬂ!ﬁnﬁny a p%@ Cb‘énéi@lly\/\?érhllel &b 8h& %E&lﬁ& %lzﬁﬁszhﬂnth@ QhE Riual-
for the enbodi nent antennas invol ves a direct-feed

TeSOBMAT YRR 1dieRer than a parasitic-feed technique as
applied in the conventional 30 nultiple frequency
band antenna, as a result of which inproves the
Thareankiodinenbanteres anisBidbiRfor ush ineTadigscomuinisgtiorhsystems, for

?:Itp%ﬂglﬁe %gﬁlhﬁﬂlc&%cﬁfces tSLIiUB e{sulﬂbﬁgs ongéqe ngsgba%mnire

tennas becones an easy process. The erbodi nent
vaeftefon awvisling radio epmmonisatipn in ariew figquempy bindlaad fyuditpleehigly

BARR S, LRSI, Pl SRLbOG R RAGilon device paying
s’ud:tletaie zmiﬂrm? fﬂge uﬁéurl]se guﬁgﬁ% rdgﬁn demmhnicitiva nnﬁn@ntfoumaﬂ five
Pberel Fonas SEG FO e R uBobS VBT PREMRGTCTaR, 30 ane
IEpRAf@baTds exjiet ioa Poe ML) di8em M, Ob(l)(ENﬁ{z B@OOHVIH@I arde2450
[ t to tune 5 the conventlon

Ve GEraRy oo e R TG GRS P e in

theze idEHney bAdsdus@n ot stitdlynstdial othdd BRistinpthnd EhtwR e quency

anclienna el enments. Tuni ng of one resonant
nds as well.

The antenna design concept for the embodiment antennas involves a direct-feed
technique rather than a parasitic-feed technique as applied in the conventional
multiple frequency band antenna, as a result of which improves the bandwidth of the
embodiment antennas. Using this antenna design concept, the tuning of the
embodiment antennas becomes an easy process. The embodiment antennas can

therefore be tuned at multiple-frequency bands simultaneously thus having a broad

10 pl ane general ly perpendi cCBCEHEG2003/800253
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frequency changes anot her resonant frequency
si mul taneousl y. Advant ageously, the size of the

wenivaasssesit ant ennas can be reduced by an or dePCDBG2008000253

1020% for a three-resonator antenna as conpared to the
conventi onal nultiple frequency band ant ennas, which
is desirable since the size of nobile phones is

om ng snmal |l er accordi hg to consuner preferences.

R ' G Rb TESDWUBRLTHEY AR 8 GHAT B oToRs m6iple
feteiyabadd GHUAREY nbRRR:, AR BREGAL fe@&‘ temﬁq% bRd for the

preferably used as a startln% point for the antenna
addidiops] resoRelepexperiamge ihereptonroRlpms. o Frapragtise cif nsadlﬁ'welt to tune

tﬁ@%hlﬁﬁﬁlaﬂnﬁlﬂ%l@ %@ ﬁeﬁ@ ﬁgﬂd%ﬁ H@qu}gmg :hga S@Ea[shﬁ%éd tgcehmque

resonant structure p03|t|one
hyeangd @f pleameiud rouming thhisvepn Retelgmmlmnbnta: oFohingt er one resonant
ircuit ground
R g U R (o e
or the Iike conductor. The folded radlatlng patch 310
Lg(g’&héég g ?i%% oftlﬂe Fﬁlgocgllglglﬁnaat Bpas C u%%gi ytarlll or&er of
19R20% - for racﬂmrde-rgsrommd astbrina pas3deinpardd foeﬂle Vdoavé:nhenzﬂ eﬁ:dnple

SHPHR R By ViR of T Gngy MR PhotIpGPos

Iebening sipakldr atcarditl 0 Boddimer BeRfencessi de of the ground
pl ane 312. The fol ded radiating patch 310 is spaced
fromthe ground plane 312 by a dielectric substrate

e SUSkbwaSa 20nvkeisihl tWo-tebéhafor rI&FAI F0efor cﬁlmeﬁéq@b&?%and
radi.ati ng patch 310 includes, a nmeanderi ng

9Peretipn Vidys grefarhly psed @s p seping rwmﬁ gfﬁtﬂilwtepﬂe@eﬂ@ cOBGTRH

Jueh Ravaventib@l @ﬁthﬁ{tﬁ' 200 |c@ﬂ¥pr1§e§ S00RBE S didHRg PR ¥10 eyﬁl@ &8
900 MHz, and a short SE%HI portion 322 0r the |i
%@%

PSR atECtSRopEened ot p geand phingR12 exta ahlf@ eround
cfoﬁ(ﬁf?cﬂﬁ%xmoﬁédcd?l @%c&xﬁpg Mz shor?gi'iéﬁltt %}Surld Gxdﬁ‘lg'lﬂg
portion 320 and the s ort spi ral |on are a

ceodustninand aafﬂ@@m3 kﬁmrtthmhkmndmtort fIéle ifd] el r@@ﬁmgalatvh 330
GRS N e BB SRR

3@@Tﬂ@@ﬁﬂ@@ﬂ0@®2§3¥mﬁﬁlﬁﬁnBé4@D@ﬁ@hwmomaH%$MﬂHpéﬁ6ﬁhﬂ0$
d str 314.
lu'lzéAteﬁqg &ag%gﬁa&{ me rtﬁHl {ﬂnggc(t)e% 7 elecPromc fﬁcule @8@1 not

are erably rec i'Tinear.
Shbwn)mogﬁﬁnectomﬁle f‘@BH&@ bl;ie phthe tgiomné glang @tk r B fplded radiating
el orth bot

di cuI al e
D0 SeRledh Ao e igrteotie pitkBhia SO swshesa
f3@A. Crothe Viedt layer) theabldad k&dﬁlﬁln@fpaﬁ:hel@ﬁfdllﬂéﬁ 4 hglmeandering
onat or ..Pl FA 30 ed sitrip 316 may pe
f a1 Eg apath ppRiny s bt ' e rﬁggneﬁlsé Iy
rédoRare l’ﬁt@ﬁ@ﬂc?ﬁﬁdch 23000 B8 aindla fAbftApRGhortidie3f2e@dhe like
I'CSStOEléIi t p%%t?onl 12 tuned to have a high resonance frequency, such as 1800 MHz.
Both the long meandering portion 320 and the short spiral portion 322 share a
common antenna portion 324 or the like conductor on which the length of the

respective resonant portion is dependent for operation.
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connected to the folded radiating patch 310 at a feed
poi nt al ong the common antenna portion 324 and the

W@ b@n3ssss cuit ground strip 314 is connected tBCT/RE62003/000253

fol ded radiating 10 patch 310 at a ground point at the
end of the common antenna gortion 324 that forns part
of the short spiral portion 322. In the fol ded

di ati ng patch 310, the Iong@neanderlng portiaon 320
P cHouEnHpR BYOallﬁFCylatof BHieedP0s fhs sharf-gigcujt grqung piip a4 and the

TORUABN B 56 £ HRAfAFbLY k& BlinARITES fabhi tsﬁipeﬁ% Rs ?felf@ﬁblﬂ/ Botiontd
nmeandering pattern, the first rectilineaf segnent

gsReTRy parpendisulor s cxbaganal smbethnthe Jost: andnsegoml byerarrfiige
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first four rectilinear segment$ forma spir
typaesenaior RIEA{ 30D ﬁih?aﬁee@@gnéh@ nfap bardilted withy lnetSpeGa irgthe fastaypd

sracl:oﬂ 1 ﬁgﬁ §fpffhg %l)nvgy]tﬁqraf EW{ L sg’lﬁltd’reﬁl OJOBI oﬂlesf%gd E a;l%

prerera ree rec Ilnear segnen
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ph’&h é 1@ of mgroprdopointat the end hﬁthg catndn pateiii pottioe 324 faeforms

of the short spiral portion 322
p%% ra SH#&}W%ﬁhﬁ%%&r?Zntation opposite the spiral
formed by the first four rectilinear segnments of the

n r.in orfian 320. 25 The | on neanderln
1 S BRE S nE Bty B 1R ooy 370 oo prefStably
fodsedNRGa eﬁvefxeaqmee&csegmsm@ Ho@sind @i@htVitzzles ah dach otger 1&1 a
uency an

ngqﬂe efl ned be‘ﬂ \ydth to define a lowfre

e PRUAE T AFctilipgsr seargmhbeipe prEal tgconmpa goipna
PoRHAN2AGRNnAL HERGNe feed ﬁ)ﬂﬁﬂt Bisd1 Q)etth@ rnguﬁ@ 901‘111{ The first four
i nfluenced by the | engt the | ong nmeandering

IR iP5 Feg s f?@ﬁsmﬂé]@?ﬂ’rhémth%@ldf @e@lim@gr ssemant fogms peight
ahgle Qvaf HnLhhe SHiga1! ag sﬁ&%‘ﬂ%ﬁ :95‘1910{?@ Hsoﬁsogé]gfera%%/ ﬁmnséﬂ

en%;h corresponds to one ter of a wavel engt’h at
t Weﬁté@éﬁaﬁqgréent# fmu@n’@ght apflenwith cedheatheriin al spiralling
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and, vice versa, when the conventional two-resonator
Pl FA 300 receives electromagnetic signals in the form
The 1ong1d1haan&mngspommh32(r @sqlllﬁﬂditeshaivél d betatlvely Tofwe @dsenmye

band, el aI S %CF te% by the | on

RS SP R 935 e RERer uUEH foofant a 10w fedicley
bhmzbef s @ﬁr&teﬁtﬁonaﬂw%ﬂeﬁﬁ@tm 2IFA BiR THUBwWIRRRER:SEbquency is

qctrlcal i gn Jﬁ q;ed the feed strip 316 QY
maln determined or’in uence y the length of the long meandering portlon 32
measured from the feeding point to the inner end of the long meandering portion 320,
which length corresponds to one quarter of a wavelength at the low resonance
frequency. When an electrical signal with frequencies in the low frequency band is
fed to the feeding point of the conventional two-resonator PIFA 300, corresponding

electromagnetic signals are radiated from the long meandering portion 320 of the
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receiving electronic circuitry connected to the
conventional two-resonator PIFA 300. The short spira

W@oookiossssB822 of the conventional two-resonatorP®l/Eé2088000253

is tuned to 10 have a first high resonance frequency,
such as 1800 MHz, and predgfined bandwidth to define
a first high frequency band. The first high resonance
frequency is mainl determi ned or influenced by the
cPBiFEHNab twe-Frsongks r%%p?%ﬂls B Wayes3 2, ises Y rhep ihe

cBﬁ%nﬁ&ﬁFM&e%ﬁt‘&f PIF‘A 3d?bereée'%§ legf?Sin&EneﬁJ‘s? 9k theSBidh BF

portion 322, which %ﬁ corresponds to one quarter
thei

1gskio awamas/ @rl@n&@cmemmt e thei lost fisimesncy dauh anlestrice} signanaye

Rty e Rnf ihich g AR 18 4P el SGEREHAmoholdilfto
PBTA 80& and) ﬂl@éhiﬁlgomzited electriead sigadloare I§¢ﬂ§¢d 80l feed strip 316 by

BB SRR SaShAOR Sk,

t wo- resonator Pl FA 300 as radi o waves, and, vice

A RER R Sl RO U0
hawaeck ﬁrsﬂ\higb $esmmdhbb freqpensn eich s i1 800 MlZf andsiredeifigéd bandwidth

fr uen el ectri,c S, al.s are nerated b
¢ figHErO Rt BRF FepenGy banar Yps Shiingt s per e gy s malaly
dét%ﬁmhﬁsélﬁﬁﬂmihcda HyAhsREgth of it shb@ shibll HorGien SIZifneﬂ;ured from
ctrical als are. al.so sensed at the feed str
ﬂ??lge %ﬁ)g Rout é? hgmel evd poifice short sirt portien éﬁ%»cw@ahtlength

cbiRE@p 68 M6 Itk Qlﬂﬁjter tofQ- % ReRnathost the Bt 30 redad @086 oy.
t he | ong meand erlg% portion 320 and the short spira

Whsprangiectioel signal wih fregpapeise Plb?haﬁr%t\mgh gy eney angjsrad to
R0 @eeﬁﬁl@gixtlﬂte of Qiléj %Qn\feﬁﬁld)rﬁi | {R8-rBRh&Br :i”hQA tiﬂ)@t c'o?tespondlng

essent| radi atin patc
elestEpmagnpiie ﬁtgmlﬁ ear‘t éﬁ@ﬂiﬁ@)nfé?;n ofperett ngpiral moﬂm 32 of the

cf)ﬁv%ﬂﬁ@ﬁ? Yo PRSI 07 UsRA 2500920 i w@ﬂrg Aﬁp%% aSQyHen the
hree-resonator antenna 400 according fo a
cmma@nmbmo-mon@mPIFﬁvmmmves slecgdmoagnetiosigralyun ehe4form of
c
<FHE 0220 28] EOREHR 0 R0 S0 RS SRTXGRE LR it
gerzedited bynthe shart spirdd portmn 3t221 ef the kenvestsmnbino-redonatot RIFA. 300,

atln SLI diregctl
arl% E}}?eéa#.lg %%?e?g?dnélegncal(}j 51 o Sen e%t %O %@5@6 1¥y
rdeEivingER2 6310 CiDRBE/ coihﬁ)acmieé ﬂieabh\;enu@nat emtnedmmteﬁPMAw' 00g
on a plane on which the feed strip 316 |lies and
generally perpendicular to the fol ded radiating patch

ﬁg@hanﬂletlb@ geadathgppatien 33Rand the &hor€ Gpive r}bbi‘ti@ﬁfﬂZZ of the

mul tj uenc ten a,. .however, arasitic

Bl prraaaer S1E8 S0g TR dro ol Biate BB BI ghab i,
césontihll§ Bldagedn@iadRtifld fdt@NCRich [SARABIOM ASiIB télsfbnes operating
resonator patch radiator with the parasitic strip

Hb@f%f@eqﬁa}cmbms sy 2 R0 MiHamd [ BOGMEZand

A three-resonator antenna 400 according to a first embodiment of the invention is
shown in Figure 4. Such an antenna 400 includes the conventional two-resonator
PIFA 300 and a first additional radiating strip 410 or the like resonant structure. The
first additional radiating strip 410 is directly connected to the feed strip 316 and
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W@ra0e/088888 i s very critical

coplanar with the main dual -resonator patch radiator.
As is well known, the size of nultiple frequency band

antenna designs. Thus, the three-resonator antenna
400 can have an advantage i@ size 10 reduction over
the conventional antenna designs. The first additional
radiating strip 410 behaves |i ke an inverted-F

rapfeshlyds fectilyeankithgion aplate gn tdidhahasfeed sfup dHullidsiagdh generally
geﬁfeﬁ&eﬁusleuf E&%ﬁ@&xadlmg%a&% %%%Mﬂé %Jlgﬁ O@S&O@ﬁ hi,gh

resonance requency 'S mai nl determ
qonydngiered atiltiple frmemoefrbgnd]amnnw@wfemsa peaghdtict stm@dnnected to

£ 00 S| B PP PR 059 ol

rcsmaiecpaédl tadiaton evith élgechasasitic phﬁ)llﬁmtg(patdllbl torteegremdl pﬂainetdné

d nal, radiatin
co {aﬁéers\%glngl% a(_1)n 81rl1ag resargi& tcﬁ %g% véf éan\A]ngrg)wnt H% size of
mtdupia dfrdfqugimy bmdomaesrmes ﬁsr ereptye tudtycal By nﬁhﬂiaﬁ@e tiailsin idi€ma

R Bbn a0 R At P8 b PG, 1 soght gie

rédunm)ﬂ oﬁe&&hd cnnzelﬁlonmdﬁten@dégiggw &hé fissh edhticiRRSda 66
return I s resu of _the three-resonator

at e I
hrﬁéh%s i’é&& ann‘é?Hﬁ \Fé"‘eaﬂ%\&lﬁ’?\? &8t dhBped i Brvs pesesend high
134dBaricB rfRQuéRs Otk a¢ 2800 B2 THEOQcdnd lﬁgmséﬁaﬁ& ﬁékﬁlency is
%%nlphﬂ% on, a test board having a di nension. of mm b

terpined) of dlypreed By dhg lﬁn@%&é theyfest ﬁ@ﬂonaknﬁélatmg ting stfp

mtaiﬁ%tfs@l‘éd t’f?d’iﬂ%éj &t ﬂggﬂéﬁﬁ%ﬁ@ it adﬁltlgﬁalzédlﬁtﬁl/%ugtfig@@%s
mat cni n -
CQH‘&FC?QGO rt)llfrzfee‘é i‘B‘B §1Q§<1§16|\#%) engtof tth%ﬁl@t:sﬂ@e}mal rdgignerip

Avdwifehh coﬁe%ﬁcﬂﬂ@ kd ¥Rd YuartkP@f tar\{/é?vgfen‘{rtﬁ SP @l?et Qcond high

ant enna 400 ha capacity to cover the
rmecfrequgtﬁy dove thinst mgatlo@lqumncy h@ge elfuhfn three-

rbQagtof %ﬁéﬂnta%oﬁ *}9 eddBa & Weﬁth% d#'d;%l findP, Eofl f‘%%ﬁ“fotz 2

m nimum at a requenc

GHlzyh frequency bands 30 reI atively close to each
other. It is observed that the w de bandw dth of the
hi gher band of the three-resonator antenna 400 is due
Rigur¢ [eshiois sheaated hind saulatat ietrh igsssiesilty of 446 threniesdiatd

LS St e nl SRR Y R Sloag i
420 Mlﬁﬁﬁ%&n&’@’ﬁf&t&i@ﬁ QA&+ 6602 havingld dinmegtive 05805ﬁlﬁﬂ\ﬁy £ mm.

LAt oRnh s e, o0 ccording, Lo, secnd, <o
rétyrmAdsh gcling &6 ON AIRAGiIS6 907 8 HA) adihd ([GIMP 0D tahd a5 MHz
(1685-2210 MHz) at the DCS1800, PCS1900, and 3G bands, respectively. The three-
resonator antenna 400 has a capacity to cover the GSM900, DCS1800, PCS1900 and
3G bands. Each of the return loss results shown in Figure 5 includes one distinct
minimum at a low frequency band and two minima at two high frequency bands
relatively close to each other. It is observed that the wide bandwidth of the higher
band of the three-resonator antenna 400 is due to the first additional radiating strip
410 connected to the feed strip 316. The measured values of the gain for each
frequency band are from 0 to 4dBi.

in mniature buil t-PET/SG2003/000253
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and connecting it to the feed strip 316. Essentially,
the second additional radiating 5 strip 610 lies in

w0 b@4538%88 pl ane with and is parallel with the PECT/S62003/000253

additional radiating strip 410. The second additional
radiating strip 610 is al g9 positioned adjacent to the
ground plane. As an exanple, the simulated return |oss
for such an antenna 600 is shown in Figure 7. It is
Fighese§ vleivst & &ur-rdsenatay anteress 6ifaaceerdingt te ringc @0 erabadimeat ef

thfgﬁvgu{hfﬂv%g 91%-?&1?]029%%%1 &t ?1918 a s§c% g Q&idl{l%%ﬁ% 610

an an e convent1 ona .
atdwcormestimgat tr thPIded sBHO03 16t rﬁssemtlakly, thashdpad additional radiating

stgﬁgﬁ@gf %3¢ fﬁ%ge @é&t\g iy }parkﬁat Ilﬁaﬂgﬁg §&détgog595a&1aglg

stripld@0r ahe sohd sddﬁtumﬁlumiaaun“grsmp‘ 610sit a]aoi domm@adi hdjacent to the

di t :
gichipd B B Lo 2 A3 ey e et Bt by FRN B S e o 7
gurd17. Whiscdbsdrird thetahke Riuf-rqgodildy ante@fia 6000can cover the

5% e %é}@%gfiﬁﬁaés e SRRt 20 U he sodond

additional radiating strip 610 is directly connected
to the feed strig@SlG and preferably is rectilinea P
Spch ARy apismnan 600, g hrdesothe \RMYERtienad tyeragomater HFA1300; thegtirst

add1BoraP i8S AR U0 or AB YRS RBoRAPstRRArd) aME thaReRHY aldiAG Rl
in size reduction over the conventional antenna 20

raféating stip GiQeorsthe Bkrireaerant stgptare.  Ehyi fst additiopsljrpdigting strip
4&)@@%\&%&& d ec‘i’égl tg iy %etd%{:hp% 1@%@?%@6}1 FActARG, mgam@

have "a resonance requency, such
pMHIz onmblch tthﬁ fagd mrgah’:* Yee Hesnandc generaly nsmepdipyarnigi fhp yfolded

rflh i TS ], sl (EOGRCoE 307 SRl e slelfy SEEAMN
rqdatingi sttip t6h@ is alireetly ccmdchtttd tntlle feadlistripi AP sud pref@atdy iis
SSRSES 0l 8 D BRER IR A0 0 ol o0 Al

antannae@(}ﬂ)ormdshat/@ a maqvaﬁ m&nzeaédta;tlom/avearl tha gcmvelatonalrwtenna

t hird anc C B this
g ond ?&é‘aoe?sle%@}at%n%%& G PP P pearfrenss
() anmas tﬁﬁHBl tb B thind Righ fr@omvefreqlhﬁacyl, S\R45 msotMHd The
ur.e 8

om2.40 to 2.48
YA e P BES FeRuhat By drisoge iR Y i lgnath of
tlﬁd‘ﬁelé&d&ﬁbﬁdhdlﬁﬂﬁatm@ btribleeo iﬁi&h@fﬁdl %Ui\n ﬁﬂl'pofnli ’CS(ﬁJBKICIBﬂHH edvond
n peratlon to cover the e )
g%@wgeadwé@g s 918 ipopsneddig §h%§ 3%5336 fo @% g gnd of the
sasballl tali@ifahal rrﬁﬂétﬁl s G100 ivRicB IohgtinBErEARHAS &S biDquakitet 6f a
the feed strip 6. The second additional radiatin

vevelepetis ph thesthlr@\éléwmmsfs@um/ Sey domedbisoths opgrational

frequency range of the four-resonator antenna 600 is extended to cover the ISM2450

band, namely from 2.40 to 2.48 GHz.

Figure 8 shows another four-resonator antenna 800 according to a third embodiment
of the invention for five-frequency band operation to cover the GSM900, DCS1800,
PCS1900, 3G and ISM2450 bands by adding a second additional radiating strip 810
and coﬁnecting it to the feed strip 316. The second additional radiating strip 810 is,
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however, parallel to the ground plane 312 and the
conventional two-resonator PIFA 300 but displaced

wo ecamiosdses f i rst addi ti onal radiating strip 410PGDSGHMB/000253

it is adjacent to the ground plane 312. The
addi ti onal separation betwsen the first additiona
radiating 5 strip 410 and 'the second additiona
radiating strip 810 reduces nutual coupling

hewryes tpetalielein thingrowndrplénet 31@gnd fhocenvensiondldwoaesonsiey BIFA

A G T R R T
tha(gtbun'd pteak 3t 20T etaddigiorsA semaratllchmbctweetrhfbe Firsk additismhvadieting
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tharttetivieonald daaditad intog retwde cabii} at sn dtddcatnhqbﬂe plmect ed
to the feed strip 316 and preferably is rectilinear
lying on the plane on which the feed strip 316 lies

Sadidag eferial $00 peludenté cohantidmal therdsotatte PTFA s30i0a thentyst

tch 310 .and .t | ane 312. Si arly, the.
Liombradatine ftsngfo ot iy Plgft f%ﬁ%}m&‘t FiopuEy eﬁ% i ?CF ional
AN G 10 Qr ttﬁ@hlfe&@%n&ﬁtrsltrﬁctﬁéﬁ B iy RtiRioad) |ra/d1atﬁlg kﬁ‘lp
rectilinear Iélng on the plane par al | el to the

4H) i direelycomagled t,he feed SR 6 pnd HIREERRAS BEBlReAHY

pRAY 3Rt ARIEH itk Fele@% Elgeﬂlécﬁésoz[hdog’e%érallﬁ PefRAMAIM 18tBé folded
antenna desi g he second additional radiatin

raghiating raich ﬂ@hﬁ\ﬂe@wgr%@damanen%?rt Syvitarkyy thenpgond pedifjonal
rfRifink %tﬁﬂj @%j i 91Zr£@1¥ﬁceo§néclﬂédr% ]fHegi%e(f @ﬁ&nﬁl@cﬁldf PREYAINE s

such as 24 resonance frequency
rgctilingar Atiye q@ﬁt@rmmewaélpl fonthp lww@é ®lasy *lhe The feprtiesonaton
abBfha QP 13 RNRed AUARLAR S bid B QnVBRBHII Al ionna
m t he poi nt e second t1 onal
desagtisaflhegecend aqght@mﬂ radatingrstraci 1l@dbehayes hke dndevpricd-Fiaptegns
th f g
i RFis 72 E RS ubd ign IE6R0E: Rflche £ 0T o P20 TR
thard hvglveésenuylbdn fraquelld'}'EIS tofiinlg dhﬂegimnccb@omﬂn@med bse thedemggh of
25 A three-r nat or, .a &Fhna 9 aceor [
t}gr'ﬁs%odjidr?‘gﬁl?mlba? A gng f,]trlg Eil glﬁasluge(aqg Oflh\ln omp % wh1chath% ge%mtl({]
a&ditibnah Fadiitihg Bifip 890 donfdctedas ﬂtehtéed’:s‘iﬁpem tocthafree end of the
fi.rst additiona

sochg agReAL erdiaging spfiOy RBeh degt] SsRinet kP auger of o

whiRt€length hiShe fdtdhigh @Rahant@feqiehdyy strip 910 includes two
rectilinear segnents 910a and 910b which are at right
angles to each other in which the first rectilinear

AS EEEEREonBbP Bntbifha 300 didobdhg 16 £ QIAR (éhﬂ?)ddﬁtﬁntt drand BRehtion is
strip 316 and preferably 1s |lying on the plane on

shgwe i Fighee 9-eSuchsen 'rnae@féqol ipdudss dheeprapafionyl two-resonator
PREA BOY dhda hﬁ[ ad@ichfGadighdadiy o GithdMkePBonknt 3¢ BN The

round plane 312. The second rectilinear segnent
ﬁgﬁ@ﬂ itonad vediatmgseriuRL0 inglydest e reetiigearsegrmenty fldarand 910b

FRAEDhe fg e i Rl o

directly connected to the feed strip 316 and preferably is lying on the plane on which
the feed strip 316 lies and generally perpendicular to the folded radiating patch 310
and the ground plane 312. The second rectilinear segment 910b however extends

from the first rectilinear segment 910a and folds around the side of the three-resonator
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13 antenna 900. The first additional radiating strip
910 behaves like an inverted-F antenna (IFA) and is

w0 a0veai38868 have a second hi gh resonance frequenkgT/S6205/000253

as 1900 MHz. The second hi gh resonance frequency is
mai nly determ ned or infl ugnced by 5 the length of the
first additional radiating strip 910 neasured fromthe
point to which the first additional radiating strip

adi¢naj 900c o The direchddisiond eradisting strip | 4 03ebaves likh eanf ngertedriy
t. 19

e o, AL UL 50 B oL ey, Wbl 1o

MHz ?hﬁ:smdnmhlgln rasmcmﬁweﬁayeq waidy detgfnifed or influenced by
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S FA 30 ngd.a .first addi |on
o it peg bt rgetipa o o1 € AP te basBiohes s avapinore
whi€engih ftShe @66tdthighnadonsirid fi@tpengy.stri p 1010 is directly
connected to the feed strip 316 and the short-circuit
strip 314 and preferably is Iying on the plane on
Avhirgetyedongtof @@ehng t10D® ackbRiiddtol 4 Bfth @MPodRBRT0Tlthe/invention is
gerpendlcular to the folded radiating pat¢ch 310 and
e grigewa 10p Sypearsagenny B0 jnclides,g P?I}Vsmnalr%rraﬁqnﬁfgr
P& bo LR1OnReRANES kdeing emlp N8y bafle ik Atrudh®Ahe

and is tuned to have a second hi gh resonance

firstadditiona) radintion sia 1050 dvrely compestadde Giedesst b 316 and the
SHEBARANSRyf DI pelerdehy Tk o BRRTASicnd B 906

gth o theflrst lonal radiating str 5)
119& @ndmamlbrdpmdﬁpmlarewpﬂw rfolded ragdintion paish 320 ahi rthg groun

_ ?a 2 Oﬂ?e' ﬁrét%@hﬁ&ﬁa‘i‘%d%ﬁ%&né%fb l#eﬁa\‘;eg 'ﬂi&fﬁ{ f0krlel-FH difenna
e end o the tirst
(HTanlamd osntdned axjhaat |arsgccmt1rhigh Iieml;lce\/\‘!hﬁq@hncw,ewgh fas 1900 MHz.
orresponds ngt
3B EARNER BuRE eBRph Tl Bl ABNTNTS, RaflrstB e
Idrigrtsdf th«aﬁd;t ddditivahl radiakiret sltrng9ﬂ)tmeqsur1:d) TOmitk¢ peistriotwhéch the

strip 316 and hor t 4 b
g ety Fiotng 300 ap105e Pilbied o Eekba fih s Ripde a8
ﬂp}{]ﬁm ﬁidﬁ@n@lﬁ@diﬁlﬁifg&tnlﬂﬁ)ldegheli (l)aggﬂlf c{gﬁéﬂfbﬁdsl;- tofoné qﬁumg ofa
the t ee-resonat.ar. ant enna | gur e. (0] a
el O et SO PR AOTTOD EARS 1 Ppgiod W3 b the first
aamaeﬁul ARIMtin@fstript 1020 ibBMERBA itRNfebDitrip 1316 2RBHE sBHE LREiOHrip

X adding a first additional radiati ng strip 1010 and
342 sa Ba gSeddaityiedha frsegsoneion gntern?; 1009, thes payiding one more

deRRE 6L tdABm e SAng Be (G -fef@Mt08 hiftbihad00@16. Such an
antenna 1100 i ncludes the conventional two-resonator
PI FA 300, the first additional radiating strip 1010

F@éuré RE shdwiea fcﬁ?—%@rmor%hfei’lﬁ voe, ac@d}gm%m@a $RBPAHbodiment of
additional radiating strip 1110 or the |ike resonant

the inyentign dor fivgeband pnqrat@admaidélﬁa o firstadilisionah gpdinting ptrip0.PH0
ahﬁ adée{:(ﬁ‘&lt e{d}fhtf(‘)ﬁeﬁ qg&i&tﬁ‘% srtl(ib tlhﬁ) £1E1e61>nﬁécfuh§’ tl?ég'cﬁ tde‘{hg f{eézl%tnp

ort-cl
316. Such an antenna 1100 includes the conventional two-resonator PIFA 300, the

first additional radiating strip 1010 or the like resonant structure, and the second
additional radiating strip 1110 or the like resonant structure. The first additional
radiating strip 1010 is directly connected to the feed strip 316 and the short-circuit
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WD 2004/ 038858 PCT/ S&2003/ 000253 14 strip 314 and
preferably is rectilinear lying on the plane on which

wWo b@4fosssds strip 316 |ies and general ly per penedT/s6Gz003/000253

to the folded radiating patch 310 and the ground

plane 312. Sinmlarly, thegecond additional radiating

strip 1110 is directly connected 5 to the feed strip

316 and preferably is rectilinear |lying on_the plane

SR A isad prefealily sgectdinggr Jying gn theglaneTanewhieh, the ferdoiin 816

LHanLED ?&ega}lg%egﬁﬂdiaﬁﬁetoatﬁe gehan 1A88ng ?at%h 380 ah& W frloBil
he conven n

over . tional antenna desighs. The second
phagiel3 13- obiarilarip dheaserony additiony) radiatmeisaipallés iy difesthyppnnected
| BRSSPSR TRl At Bib 068 hRpf By
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tuned to have a third high resonance frequency, such as 2450 MHz. The third high
resonance frequency is mainly determined or influenced by the length of the second

additional radiating strip 1210 measured from the point to which the second additional
radiating strip 1210 is connected to the feed strip 316 to the free end of the second
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resonance frequency is mainly determ ned or influenced
by the length of the second additional radiating

W@ 0ok3882 0 nmeasured fromthe point to which tPer/Semos00253

additional radiating strip 1210 is connected to the
feed strip 316 to the freg end of the second WO
2004/ 038858 PCT/ SG2003/ 000253 15 addi ti onal radi ati ng
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a nobil e phone, the active portions of an
ok Bk,

tenna nmay be

When used in a mobile phone, the active portions of an embodiment antenna may be
placed close to the inner side of a housing wall of the mobile phone or even fixed or
secured thereto, such as by gluing. In such cases the dielectric properties of the
housing material and their influence on the functioning of the embodiment antenna

should be taken into account.
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properties of the housing material and their

i nfluence on the functioni of the enbodi nent antenna
shoul d be taken into account. WO 2004/ 038858
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Cainms 1. Anmultiple frequency band antenna
conprising: a first resonant portion tuned to a | ow

first high frequency band at frequencies 5 higher
than the | ow frequency bangs a third resonant portion
¢y to a second high frequency band at frequencies
hi gher than the | ow frequency band and substantially
Wi £ ey wrliPledisAqRE bindagtenpy efprisigquency band; and a
fi sty £aRlYkdnPhorRR ﬁlh&f‘to AbWRGueRS ban@f the first
resonant portion and t 10 secorid resonant porti on,
t he Rispeopd %mf@bm%’ﬁ%‘@md g8 fiswh igh greaueger bandi ah Geprsneies
lﬁgkfﬁghﬁgl BQ]K$8ngMQV|d|ng an input signal to at

[ east one o first” resonant portion and the

seco ﬁdhlr@@mamttpormmttm@d tamebchuy higheesuenaydaathatdiagpercies

; | ion

lg%}gzp 0 Hég%(lé ﬁ'gqtleﬁ nagﬁtqﬁd %St%ltohr% 1? dff?e%eng ﬁ&?ﬂ eCrs st dé
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f eedi R ekn the t d nan rti

el ect MBIt ies LT teimins Befit 68 SRR ORB R e ©
socortliresonan? forBon, Tieefirandoaduttor psrtion hatisg m 1, furt her
conprlsmglE thlr conductor portion electrically
connect®d " oundi ng point. 3. The antenna as in
claim2 fewh@’ }ﬁjlﬂ fbﬂﬁ'oﬁhi'ng én p6IAL toROTehdt Ohe bﬁhe first

el ectrical | gﬁggctegﬂﬁp the third nduct o
port F?fﬁn"‘néggrﬂo gsogant pprtiop apdfos recgiy %‘Bé‘P RUPHE
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a ground plane. 5. The antenna as in claim4, wherein
t he PAFIPE andsonant portion is interspersed 30 mnth

t he fisksohd esHudsiet ﬁHm&Pél&d gzwmea@d QrRuRiR fRR ' 6.
The antenna as in claimd4, erein the first conductor

por t i"rein the thindregonant pergiam istelesBicelioronaerird th gheseeand d
&ﬁggmggg BRrtion are substantially coplanar. WO
2004/ 038858 PCT/ SG2003/ 000253 18

2, The antenna as in claim 1, further comprising a third conductor portion

electrically connected to the grounding point.

3. The antenna as in claim 2, wherein the third resonant portion is electrically

connected to the third conductor portion.

4, The antenna as in claim 2, wherein the third conductor portion is electrically

connected to a ground plane.

5. The antenna as in claim 4, wherein the third resonant portion is interspersed

with the first conductor portion and the ground plane.

6. The antenna as in claim 4, wherein the first conductor portion, the first

resonant portion and the second resonant portion are substantially coplanar.

a second resonant portion tunkdI/862083/000253
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7. . The antenna as in claim®6, wherein the first
conductor portion, the first resonant portion and the

W@ e@afnsBssesonant portion are substantially pareCT/862008000253

the ground plane. 5 8. The antenna as in claim?7,
wherein the first conductofgportion is rectilinear. 9.
The antenna as in claim8, wherein the first resonant
ortign is forned froma fir plurality. o
ect (1P ARBRNGS SRS, Vehsrein it gfsﬁ%"“fiil"rt%rtpoﬁtl“ﬁlr deifes of
feSsphhtlpoRRALNS ﬁﬁ@@dﬂ)h& res&Qmpﬁirﬁlﬁl a‘ié@ﬁ&tﬁﬁﬁdﬂ? |pLu§élle1 to the
ortho?onally concatenated to anot her of first
@Py of rectilinear segnents. 10. The antenna as
|n claim9, wherein the collective Iength of the first
glurallty of rectilinear segnents is substantially
qualThe gntgnng as in dpimpg veiersiggh fitst candecteraortian ig Sctilinear.
frequency of the |low frequency band. 11. The antenna
as in claim10, wherein the second resonant portion is
9.0r mglde antersmag isdeiondl vhetiethe fu;st wkonastgtortidnnie ﬁmmed from a
, ctil
SEER of BRI, scbPEnSRAMYS o Ml ) eclii denlB
bemgasnb&tmlhoérﬂtdgenazw csma@ndecpﬂounaheﬁqf tlwfﬁl‘sﬂ";ﬂurahty of
[ segnents. 12. The antenna as in claim 11,
%ﬁﬁﬁw&s&?ﬁ%ncollectlve I ength of the second plurality

rectilinear segnments is substantially equal to a

rter vel engt.h o e.fre
ﬁ’“r i B 8 St e LS oG e Bt of
mbtﬂinﬁarihé’gn&ﬂl’ﬁl@ subBtahtidlyfeiqiiad to Pphuatiad wivgleabthlof eeickhthear
ée nenti ?nd the second plurality of rectilinear
%@W@X@ thy ‘V&F@ﬁﬁg%wm-n the same side of the
| ongi tudi nal axis of the first conductor portion.
4, The antenna as in claim13, wherein the feedln
i ntlhp antgime,ss dnclaighl 0, faergindle seegndireroninpgition éfi fazme

@oth & s@BROPIutaB dTQediilin s@rﬂéﬁ@l éaE]yoiQf'le §R6hd ﬂlﬁﬂaﬁ@rof
segnments and the second plurality of rectilinéar

seidimesesmants bepsrbsiawisily mitrewalip ogrcawnatebto angtharmf theph e

@m&%ﬁalﬁofﬂﬂe%cﬁhﬁga}%\gﬁgr ein the second conduct or
portion is rectilinear. 16. The antenna as in claim

15, wherein the planarity of t he second conduct or
12, The antenna as in claim 11, wherein the collective length of the second

plurality of rectilinear segments is substantially equal to a quarter wavelength of the

centre frequency of the first high frequency band.

13. The antenna as in claim 12, wherein the first plurality of rectilinear segments
and the second plurality of rectilinear segments are disposed on the same side of the

longitudinal axis of the first conductor portion.

14.  The antenna as in claim 13, wherein the feeding point is disposed on the side
of the longitudinal axis opposite the first plurality of rectilinear segments and the

second plurality of rectilinear segments.
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w@b@amssssy of the ground pl ane.

portion is substantially orthogonal with respect to
the planarity of the first conductor portion and the

claim 14, wherein the third resonant portion is
rectilinear 10 and the lepgth of the third resonant
portion if substantially equal to a quarter 4 i ah
vel th of the centre frequency of the secon ig
Jg’ﬁgWW in Qg i} e REoRd GORcstos iPRRtiPY Is
M@ﬁﬁ@mﬂ the third resonant portion is substantlally
orthogonal | y di sposed with respect to the second
conductor portion. 15 19. The antenna as in claim 2,

feir t g aﬁt‘éﬁpards% Binf14, wnsﬁem tﬁ@ﬁ’l gﬁu of RS Leb I%Hmﬁ%r to

a third high frequency band encl es er than
Poéon i Wbﬁiﬁé@ﬂ]b’mﬁ}mm lﬂanSPesUb ﬁteamnaam of thi firsteprductor

é&ﬁ%ﬁ&ﬁﬁmi gqh%gmaégﬁgﬁﬁggy band and the second hi gh

requency e antenna as in claim19,
wherein the fourth resonant portion is electrlcally

gonnegl %ﬁiteﬁl% ats thclglli]A %fj wflgfg?ll{ﬁe t(ﬁ{rd ?e%grtxaln9 %011:101’1 e cltanetaF i o

ant enna as
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he f|r reso and the second

nt
PRlsngitor b Serte frauniT SR Ee s B bref Pafigonyha
18.  The antenna as in claim 17, wherein the third resonant portion is substantially

orthogonally disposed with respect to the second conductor portion.

19.  The antenna as in claim 2, further comprising a fourth resonant portion tuned
to a third high frequency band at frequencies higher than the low frequency band and
substantially different from the first high frequency band and the second high
frequency band.

20.  The antenna as in claim 19, wherein the fourth resonant portion is electrically

connected to the third conductor portion.

21.  The antenna as in claim 2, further comprising a dielectric substrate stacked
between the first conductor portion, the first resonant portion and the second resonant

portion and the ground plané.

17. The ant ennPCESG2003/000253



