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ANTENNA FOR RADI O FREQUENCY | DENTI FI C ATI ON SYSTEM
Field of Invention The invention relates generally to

wa@nienssss? I n particular, it relates to an antPOTaGE005/000396

radi o frequency identification applications.

Background Radi o frequency {RF) comuni cation
technology is widely used inh nobdern conmuni cati on
systens. One exanple is a radio frequency

i ANTENNS FORRADIMFRBQUENCY IDENT BHICA BEGN &% S THEVID
reader antennas are used to transmt and receive RF
signals to and from respectively, RFID tags.

Fidsiabédionstored in the RFID tags is usually
editabl e and therefore updateable, The RFID systemis

Theineriios relaisnericplld anteat. o UK htesdaien grgma for
S ErRReld) i@nBERBR WS RichiRIns TRNagi ng inventory flow.
Near-field RFID systens normally use | oop antennas for
transm ssion and reception of RF signals. However,

LSkl | oop antennas have limted RFID coverage for
§?P§%?@@% conmmuni cation with the RFI D L%%s due to the
Brdienfrequcnsy ¢RFX lremmEhitatiang echmlegyhdy oddy weadyinomogera
l.o nt.en v ' I : D
AR RPLERISGE Dof BUBHER E b HGALF RuchitauBh D)
fykani. clnt tho RFID sytsteirs RIFHR weadexchniwiness aae l1ised de transimiteand géceive

e.l opp an nas_are. nee 0_provide. ]

B e OB M e PR REM e RS A S b 86
&igh e nsuaflgredfabtRFhdd gy sf@mubdateabiec r Fhs RFTD RiFHtén do viereoe
and i rovégﬁlcosl effxciency. Summary E odig%nt%mp&
ENEMPRY SHES o 19R L PHGLORS PR Ph AL PV TIPS REY ghAnEe
apehiogAdwNs that increase RFID coverage and inprove
cost efficiency. In accordance with a first aspect of
the invention, there is disclosed an antenna for radio
NeSQHARRYTD SR doe@hillyoise a6 dn€ehhOf0s trankhfssRA a8 R et
a radi ating el enent thatconprises a fjrst

. St shaped
98 Gevignatsn dHawevss criftisg gpcrnsagrehve limited %EIDP?@@%? &qr
effective communication with the RFID tags due to the orientation of the RFID tags.

Furthermore, many of the loop antennas have complicated structures that are
undesirably difficult and costly to fabricate. High fabrication cost is incurred when a

large number of the loop antennas are needed to provide the required RFID coverage.

There is therefore a need for an antenna for a RFID system for increasing RFID

coverage and improving cost efficiency.

Summary
Embodiments of the invention are disclosed hereinafter for RFID applications that

increase RFID coverage and improve cost efficiency.

In accordance with a first aspect of the invention, there is disclosed an antenna for

radio frequency identification applications. The antenna has a radiating element that
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and second shaped segnents conprises two | obed
portions. The radiating elenent also has a junction

wo c@mosdsey e each of the first and second shapeBCT/SG2005/000396

segnents extends. The first shaped segnent is
spatially displaced fron1th second shaped segment and

o el I S ) B e

fhd sdcoshsippet S@g’m’ﬁﬂstcompmee stwo Aaksd wiottionen @hefradldctmgt algment

B T R TR CRAHE A Pr 0 SET S pfyents extends
trhefist Hapeipfegihet id mltiﬂlymjspacéd frorh tiicBgoidi shafell abginenaard is

er of the t f the fi
SRS Shistromtetied: houg faduiioh SeiBtaly it of B tyqdobed
#}Q@l@ﬁ% ¢Tahd fu@fﬁla&fd s%ﬁlﬁerﬁ e6:ed3forfls R éns epie Ao fobed portlons of
ing a second curre t flo

ormng, a secon
thee PRt S0 f%?BmPlﬁdg)é ﬁ%&m&gsaecﬁéﬁd Oﬁﬁd}%ﬂnﬁc Tkt gpgent flow

%gétﬁrbﬁ’éhakdrﬁndﬁchl% § &t madetiS SRRINAng Uhd SHer ©oF aves tvl/cn lobed
opposite directions and the first IooP is di spose

spaionapf thealishehened ﬁmenbcgéeéws Madpthe gither |od the F‘@Q lobed
?quloﬁsespﬁlg sEBRAGhifedfs v\ﬁi% foOfBRRE raagegon'ﬁnloop having a second

nterrogati on region erewm thin rnduced radio
fonrent élnwthr@thnoaglnfqr fridaginga sqcan@@emaaﬁelé widdiiopallyethe st

?ﬁ@ ge%gncféuntegfaﬂdvgsvlﬁ %ggc%ﬂe dltré}: bis dnﬁ glﬁ B );)H@dréﬁéjually

configuring tenna or
iadiecent fd thatseamddpgy fogahd Hrss andl kﬁeomrbmhgitbtlp nitpldsde generate an

pr.ovi dj.ng_a. radi at I. e st one
B GOEreBioh e B4 ERE R Ry MalhinnB8®, | 2
steps of providing a flrst shaped segnent and a second

hape fir t and second a
BT s derbtrde pisfopner SR SRR RIORE o for
icBafighdiag ap aféhh fog ralid BeQichonidkitifivaidiesmplieaivns.ofThé hethod
first and, second,shaped segnments extends an égatl Iéa&

HLies SRV E TPAFUE AR AOBEG Rt P RPE RS
SHARERtBEWIRIPrises Hhe stF Mmﬁ&iﬁg Refrstl IAGpIdA8Sment and a second

|nterconnect|dﬁ}the first_and second shaped se nent
shaped segmant-y Badly ofulhn firgiand sqrend Wpedsff*@aems PEPY fdobed

briole THOmb@be lecpf%ﬁlﬁé’srﬁoﬁﬁmé h ?urfct161§ froﬁr\ﬂ@%ﬂea%ﬁ gﬁ'ﬁﬁtﬁrst

corresponds wth one of | obed portions of the

su¢ savandthapridsegmpitie prtterids uancf @namllygilwlafcmgsthe fiesbihaped seggent
Fedful figlse cﬁdgslﬁgd dee rﬁhefh@trmtﬁﬂﬂgﬂrt&&r inb1DGUGhRE ofndclifig the

magneti Cc e ot her
first and second shaped segments electrically through the Junctlon Specifically, one

of the two lobed portions of the first shaped segment corresponds with one of the two
lobed portions of the second shaped segment for forming a first loop having a first
current flow therethrough for inducing a first magnetic field, and the other of the two
lobed portions of the first shaped segment corresponds with the other of the two lobed
portions of the second shaped segment for forming a second loop having a second
current flow therethrough for inducing a second magnetic field. Additionally, the first
and second current flows in opposite directions and the first loop is disposed spatially
adjacent to the second loop for the first and second magnetic fields to generate an

interrogation region wherewithin induced radio frequency is identifiable.
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| obed portions of the first shaped segnent corresponds
wth the other of the two | obed portions of the second

wa bapessesegnent for form ng a second | oop havi PQI/aG2005/000396

second current flow therethrough for inducing a second
magnetic field. Additionally, the first and second
current flows in opposite directions and the first
| oop is disposed spatially adjacent to the second | oop
TnOdccbidencki widh a aliiel aspeand thﬁa'gwexttiou, fhiere] idsdistcb)sg@asymre for

an_.nterrogatio eqi o e indu
P FEn ot metooBra ek b B Rion B ARHRAS Iy e
RS Raobt 0f sdnbig iy %éﬂvﬁg datah @he syseendlalscinomeek eagzﬁq;vmyehat is

for configuri nt e for radio.fre
SRBIE i (AR ST B s Sy SR FBR HALOR Mk RS
2604 itng 1s3dadp15(!3ﬁ>9ché’ gﬁ@N@aﬂ)ﬁreaaihg S &@fie@dySiznh 3 C Thel %&tem
ateway that is coupled to the host for contro %élngﬁ
erganpiRseti tleasbongrghtanng fr HESHERE andrisesfingEtdy fiadifary

§1E‘1?atls laBd %9%&6%% bR ked & WRYoup R thaféliphigwhyneh® the RFID
frequency signals. The system further contains at

teeéegthb plecting dienat lpast one arienretior Fryding dlatae SRR Bio ramifnp?
nﬁﬂ# QXacﬁdtﬂlg %Ileﬁ‘nenﬁﬂgvn?g"a i %H%@d P o 8uyfRabld RAE sdcdnd
gateway and the RFID reader for
si@bectsegmgnttwmeat daast cewas;purdmg peint andfarnscat 1qasizae feppdayigg two
[
B Tl o BPA ARG o Baibat 8P O loR B honcrating
shiayreogsiegregion vheewithih enlsecdandio Srouysnisng isotifiabland
forns at | east one | oop having two opposing | obed
portions connectable to an adjacent |oop via
BeienDedcipsiod of Dgaviegat i ng an interrogation region
wi t hin_.induced radio fre den |f I
ErPRfiisat of M orisHg e e ABOArSEALE o EfelHef o the
dRweps] @whshe descri bed in detail herelnafter W th
reference to the drawings, in which: Fig. 1 is a plane
viem;of an antenna according to a first enbodi nent of
el Hsﬂ%/]iﬁﬁ‘ﬂd V@& ofdntintefnd Adcbiinzab € Sirdt BRbORMERLIS eedhvention;
pr|n0|p es of the antenna of Fig. 1; Fig. 3 is a graph
showi ng the neasured returned | oss of the antenna of
'EngZ 1liustr5l=:§3the 6pér$tloﬂ§ltﬂrﬁ\t:i%§s S @ERARINA FETRL ri cal
shapes of | oops of the antenna of Fig. Flg 5is a
schemati ¢ di agram showi ng two shaped segnents of the

%[H gWgr%h ﬁliogfing]the measured returned loss of the antenna of Fig. 1,

Fig. 4 illustrates exemplary geometrical shapes of loops of the antenna of Fig. 1;

Fig. 5 is a schematic diagram showing two shaped segments of the antenna of Fig. 1

formed on the same side of a substrate;

Fig. 6 is a plane view of an impedance matching network connected to one of the

loops of the antenna of Fig. 1;

Fig. 7 is a plane view of two radiating elements connected to a common feed;
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formed on the sane side of a substrate; Fig. 6 is a
pl ane view of an i npedance nmatchi ng network connected

wo eoogsserd t he | oops of the antenna of Fig. 1;PE/§G2005/000396

is a plane view of two radiating el ements connected to
a common feed; Figs. 8a and 8b are three-di nensi onal
configurations of the radiating el enents of the
antenna of Fig. 1; Figs. 9a and 9b are exenplary
Biginf8agmnd &b iaenthresfdihérmiondapnifurstivas afthenadiatolg diénggntsiof the
Fi g. 1g is.a block diagramof a systemfor RFID

?fﬁ%}nf‘é’ Fieohs: and Figs. 11 to 13 are exenplary

i mpl enentations of the antenna of Fig. 1. Detailed

Description Wth reference. to drawi ngs, an_.antenna
Foh S8 b F Geeratlen cyiaannt oicht ooh o ke Ry s Pl -
according to enbodinents of the invention is disclosed
for_ increasing RFID coverage and '.nﬁroyi ng cost

Bier | G arblark diagranpelrasiyeian o %ea(?P]Iﬂ‘i? el*™ arity, the
description of the invention is limted hereinafter to
near-field RFID applications. This however does not
Pieadilie é3 owerenrlayimplemeiatians of the gatensafdis - dn fr om

ot her applications that require sim/lar operating
performance as the near-field RFID applications. The
Dpwiled Desraiptiand f uncti onal principles fundanental to

Y16 SERALL BAL Bixlings 16 oL 9 iV O ONATR D)
Eystovi ekedrdiney ©f arsfodmrentsrd the Inventioatis diselogpddot ierpasing RFID

Figs. 1 to 13.0f t ings, like elenents are

F%I‘%ﬁ i ?&eﬁnpvrvlmfl?g?qsggﬁgé%g ence nuneral s. Enbodi nents

of the invention are described in greater detail
ereinafter, for. an_antenna, for an .RFI stem.for_ REl
Eﬁrp PPR]IS o?fs{)feWX ﬁn(?@;a&tyeﬁ%% eETRR 0? , tﬁ%ﬁnvéaﬁ "Eh ﬁsaﬁ% d
BeeRE kg nba-feld RFEI apphibnidnsreThis Gbwé ke dossvimn pieolnddasions
radi atin | ement 102 forped al.ong both si.des gf a .
§’E}g%46}?’ﬁ‘?tg of e gty g‘ﬁg‘n‘? i %’E{%a@r ﬁ%ﬁtgfe& fes?lﬁlﬂ%ﬂ Pepime
BE b AGSasf i HeBC 84N IRIIDRiphRSiofd) alThe toparatitial bed functional

principles fundamental to the embodiments of the invention are common throughout

the various embodiments.

In the detailed description provided hereinafter and illustrations provided in Figs. 1 to

13 of the drawings, like elements are identified with like reference numerals.

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

antenna for an RFID system for RFID applications.

With reference to Fig. 1, an antenna 100 according to a first embodiment of the
invention has a radiating element 102 formed along both sides of a substrate 104 for
transmitting powering up signals to RFID tags and receiving RFID signals transmitted
by the RFID tags. The substrate 104 is preferably planar and has a longitudinal span.

Examples of the substrate 104 are printed circuit board (PCB) and non-conductive
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by the RFID tags. The substrate 104 is preferably
pl anar and has a | ongitudi nal span. Exanples of the

wenisnssstie 104 are printed circuit board (PCB)PEmsEG2005/000396

non-conducti vemateri al such as foans. A feed 106 is
connectable to the radiating el ement 102 for providing
t he gnal s

P’ﬁﬁ’iﬂg kUG aé%é’?]ﬁﬁta %ﬂé%ﬁl @g I8 GO0 ?e Rnt%e Ad ag}nﬁ e?ement 102
fetpebiidigg Iﬂﬁinmng QLB an§ RID rs&mbRhb endb én‘omema rﬁd‘jﬁmg element

radiatin ment 102 and.ihe feed

L Ptk AT RrsdRe G PEGrEN hdCo PR PP e

tidggtmg %‘Fbrrgeﬁﬁ 107 Eﬁd ftl?:I feoailng fotematchipg ith 1rﬁ15edhllitfe_ liemr@grthe
is made with reference to an x-axis, a yaxis and a

?Qg%Pgehﬁﬁ@ﬂ@ﬂF@éhgﬁ?Q18§e per pendi cul ar to each

other. The x and y axes extend al ong the substrate 104

and are_coi nci dent therewith. In particular,

The fallewingrdesamtien af the prtsnng| 184 i made Widhiglersmas FPa%n Xspdhay-

Q;us bh€a %%Qﬁt AL @hrdOéxes I&epe[‘[ﬁ:ﬁ!il@ﬁlhm e%bl?@iﬁ&t g0 :ﬂ@sy #es

first shaped segnent 110 fornmed on one side of the
sxibrst #lemasthe Gubstryind Of aud areicpigeidens easewittp 2Inj partigulaf, dheyppyis

BEARRE ﬁraﬁlggwaé BRI 1Bt Bind < sBth Sk eﬂgcﬁa&er fjse 104. The

I Tst ment- 110 1S preferably conti nuous and
wave shaped The first shaped segnent 110 conprises a

Bt B3 e e T108BR P8Rl D

gasiret rio¢.alThs Inminemg w&elmeas 1@ is endferably @l @pper tpok Peing laid on

1 %‘%’%ﬁ% la(f) 'h%l 0 ré ]h Qnte]1f r abl eera%:%}? g(%glglg(ml alng wave

' emphd OfThe h“ﬂ*stlshlq&d sB@ﬁéﬂtde cdﬂaﬁnm ef;ﬂumbﬂwapolmetdrpdeS 112

e x-axis. Each of the |obed portions 112
ta rﬁ‘i‘tﬁlﬁtaggutglﬂe’i?%s ends that face the x-axis. Each of

the | obed portions 112 is preferably connected at a

junction 114 where_ one or both end f the | obed.
HOF fqhs orfipDs bl obe BHVSCHYE B ORFNER); Heneiich gpmi-cirele or

ROk nTﬂe]-l%béd"ﬁ&Mgﬁ 122 ﬁfé"}ﬁﬁ’@fa akhBzedAuBRARANY Fohgfkkhally

segnent 118 of the radiating elenent 102 is preferably
fabmeélw otxiawhilejeach pf thedobed partiont blzlmfeebbdngef BWashiEom

ftljler Shxis h@&ﬁ%f ﬁfacgg%@tpogn]ogs 11PNEmIRGAN b eRRGhA SRR x-axis.

18 preferably has d portions 112 and connectors
Eﬁ@a oftthe lohedportions 112 1S preferably connected at a junction 114 where one or

both ends of the lobed portions 112 are connected to an adjacent lobed portion 112

through a connector 116.

A second shaped segment 118 of the radiating element 102 is preferably formed on a
side of the substrate 104 opposite to the first shaped segment 110. The second shaped
segment 118 preferably has lobed portions 112 and connectors 119 that are
substantially similar in shape and size as the first shaped segment 110 in order to
achieve symmetry between the two segments. Although the second shaped segment
118 is substantially a duplicate of the first shaped segment 110, the second shaped
segment 118 is preferably flipped about the x-axis and mirrored with respect to the
first shaped segment 110. In this way, both the first and second shaped segments 110,
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whednesss1e he t wo segnents.

substantially simlar in shape and size as the first
shaped segnent 110 in order to achieve symetry

segnent 118 is substantially a duplicate of the first
shaped segnent 110, the secgnd shaped segnent 118 is

LS I SRt SO0 PR e
bm‘tlbnt]he bf tist fiasn dshfapmlo -egmmanéd mgmtﬂls diteeily 16ppasee 2

t t dj I
Sirepertia oo Saarob2e i EriRP TR Sl s S eonpasaty
gefgrRboplR0. substantlally directly opposes a

correspondi ng | obed portion 112 of the second shaped
segnent 118 to consequently define a | oop 120.

Alite@bfialy, i) Wbed PEtibROER @hé ifiedSnd becoad shdped fsegrdntsarid,
second shaped, segnents 110, 1}8 have geonetrica

RYPATEE g%‘?]’&%“‘é% shaPeSFR#ATECAMEIG. 2 shows the antenna
100 during operation, when an electrical current i
flows through the radiating elenment 102 via the feed
Fizs 2 shiers demtnigue 00 shirig opatiqegen 2p@leckisalbe rtenk! tlows

Eﬂr 10he 18R %EMehf:ﬁjZ A EleeRLd 0d. nTlﬁené’onkig&’rﬁtléQQf he 188s

he rotational direction and any two adj acent | oops
12Q)catu@estibe Aow o hesdlecaricabeatenbhial anglilgopclZ0 dn e dnene rotational

F&ﬁl‘%ﬁ Béﬁc(l: Q‘xy% Q’i_] éc@ﬁtnl@ 25 sn@O rf@@)@ %?1 bﬁ‘pofs (%1 R nRCifLfdE nd

axl s. e electrical currents
mhetd’u)atcalﬂsles:)as]!tamatmg eflalgmjlcathaxetg @ntfofm@d p@ngzlap aexis. In this way,

?,gc ucea uryen'tsn tgali]t ff‘lg%g gf%cbenI &p? hSE L c%ﬁl:eggenﬂg

enerdi zes t 00psS an her eby pr
@hﬂﬁgp@kkmnfleld 200 that interacts to create an
I nterrogation region 202. The interrogation region 202
is defined by a space i medi ately surroundi ng each
ITBe BlediZi0al @ Blert? € biveRgiRestiii®dloasy BOant tHepsby rod2Cesspasmmetic field

apart by the junctiaon 114 or co t 116, wel |
3B it sl oA RO BT DR D0 o i Roep B i 202
RPERLel Coyf h @psbeZ@inaNsigisaRsunang eHEsS UP0 Rid Betwags two
204 that "are provided wthin the |nterrog§t|on re |on

adipcent lpepRADPReEg#PFORY Spwistorrmtd §F ORBS & | Hpppyvell as the

%ﬁﬁglagmye%g bEBRUAL fintipge At a stored therein. The RFID
signals are in turn received by

The magnetic field 200 energizes and powers up RFID tags 204 that are provided
within the interrogation region 202. The RFID tags 204 subsequently produce RFID
signals that contain tag data stored therein. The RFID signals are in turn received by
the radiating element 102 and transmitted to an RFID reader via an antenna

multiplexer.

The phase opposition of the electrical currents Z that flow in two adjacent loops 120
advantageously produces the magnetic field 200 that is substantially uniform in
amplitude throughout the interrogation region 202. This configuration of the radiating

element 102 and the generation of the uniform magnetic field 200 within the

Al t hough t he secondrehaEBEWlS/000396
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the radiating elenent 102 and transmtted to an RFID
reader via an antenna nultipl exer. The phase

woppassseion of the electrical currents i that PECDBG2005/000396

two adj acent | oops 120 advant ageously produces the
nagnetic field 200 that is ?ubstantially uniformin

*FH el 1 Roft o rUP i B Faire PRk e e ity

Ganeodite @f e@itidnte therthds@om nmagnetic fiel d 200
%ln t hei nterrogati on region 202 desirably allow the
RFID tags 204 to be read substantially independent of

trhe sebhdmtotth® Ma@hetichBeltiag® ROdoperddaleSéd @Otlaghifudt T the
magnetic field 200 i s dependabl e on_the nagnitude of

eleatrigplcprpntdgthe atgr 08 pgehjloon HO anddbe displecsrigny keeen adiacent
gﬁgsqﬂe di spl acenent between adj acent | oops 120. Fig.

3 is a graph that shows neasured returned | oss of the
antenna 100 at 13.56MHz. The neasured results show the

%Eg. %Mgépﬁ)maégﬁb&g adRldl retiBleg Ngd om@%@mel OUQE pﬂﬂse'wﬁz
cna

ract tic at e neasured frequency o .
fihg . mepswhdwesubix ehpt dhey agfeanset 0 baing hawellsn@fch@dq enpqﬁwe
oy ' S of each | oop
%%%*gggﬁﬁgggﬁgéﬁﬁﬂgn “%%%ﬁﬁégz??e%%ﬁ?§9 For exanpl e,
the |obed portions 112 of Fig. 1 have a substantially

t { i OF
FRS et e D AR e D A T 8. THE e Rond e
ge&lﬁé’rdcaﬂ hhgedofseghdnds 120 @re dp8ndent jpn efeﬁigmhbquirements. For
80 | t At. t.h ti
TR, O, WIS K11
120 ath SxepipRire ﬂlawnsdo@ppm@wlmu,e&fwaasmmm@ Ilh&)f$}ﬁa6ﬂristaa|nd

di stance | 3 between ends of two oppos
sesopd ghaped z%zn}egtsplrlgf IS5 Pgeterply rp Wé‘fﬁgbg % mﬂ?lmeiﬂ?f%(mm

fAtrtﬁé s@thd EdRatteVRteTRGIERENt QF Yehfoch W6 Ndjaeént ASorsNI@ONis
in Fig. 1, the first and second  shaped segnents 110,

Picgerably approximpicin 6ompoyhileths; spaiinl élrst%nﬁ% ds; Befwesm erdls 105 4wo
Eﬁosﬁ 18bed3HionE %U‘ig pRAGRAGSROTRNES 3bih, 118 are

ere ore physical |y separated by the substrate 104
except at a connecting point 119. The connection of

the fliljstr aci{errgtﬂge embodiment of the invention as shown in Fig. 1, the first and
second shaped segments 110, 118 are formed on opposite sides of the substrate 104.
The first and second shaped segments 110, 118 are therefore physically separated by
the substrate 104 except at a connecting point 119. The connection of the first and
second shaped segments 110, 118 is preferably achieved by forming conductive vias

at the connecting point 119 so that the two sections 110, 118 are electrically couplable.

In a second alternative embodiment of the invention as shown in Fig. 5, the first and
second shaped segments 110, 118 are formed on the same side of the substrate 104
and connected at the connecting point 119. Each connector 116 and any overlapping
portions between the first and second shaped segments 110, 118 are preferably
physically separated from an adjacent connector 119 or the overlapping portion by a

dielectric layer, such as an air gap or bridge.



10

15

20

25

30

second shaped segnents 110, 118 is preferably achi eved
by form ng conductive vias at the connecting point 119

W@ 00ls8614 he two sections 110, 118 are el ectriBel/Bg2005/000396

couplable. In a second alternative enbodi nent of the

i nvention as shown in Fig. §, the first and second
shaped segnents 110, 118 are forned on the sane side

of the substrate 104 and connected at the connecting
fbe ninpddbfce Hatching oxtvexk 308 14 6ommmdalde o eue ki fithe radiating

rtio n flrs C a ng s
DehC T 2FLORRERLY To pl ShoBRELRE 2 200G RITELE S
adpaiametmatdmngamﬁmrk]lm& 1Membhnmmnh®mbldtg op@ of the Ioobgl 120.

e TS ey HERE T S 05 e

pmmﬁlob the radiating el enent 102 and preferably to an
extremty |loop 120. As shown in Fig. 6, the inpedance
mat chi ng network 108 is exenplarily connectable to one

ofg. Y hBudheRP SivolABiatidd @lethérts 1 02860En&RHRNG aJoRRM FERIOT0BN The
110, 118 are al so connected at two connectln% poi nts

o radigtige elpryepts |92 pap kesditfggnthaeAnienig apd ap@rieably srranged
%Qx@ﬁﬁcﬁoa@c{cﬁ dtRera Tﬁim@ﬂanée%fegt 1RGasckhe tinRrbgfoAtbglen 202
el ements 102 can be differently configured and are
bp@ﬂ@rtabnwwpé}@gﬁﬁ%a?@ﬂwb@ﬂ to each other. This
arrangenent increases the |nterrogat|on regi on 202
because the nunber of |oops 120 is doubled. The
Fiag mergnaictiicl 20020drilition miithint the imtaniogption regien 202 is controllable
[ N r
ERSEEHROR LR SHL PR slp 128 GIRhEIR I, B e SE Byl
oude 8bthe Fops &(hﬂwas tls@n‘eemmty Tohps dfdap Sa,J2Oformert fubstgntially
o s, of F

X
élBB%l} atl%nggf}j r Ieg o an, a%enttalﬁ%p %(? :)l‘ﬁane Ptmlty loops 120 are
Epfhfaﬁ‘ﬂytsulbmpallﬂﬁrecﬂjﬂ eplﬂxésranh fothet. ohplﬁlsl\ﬁ@ freemagnetic field

ferably .substanti al.l iLrectl poses, each ot her
PO of pebeilh Pler R R gt FOpi oY tessgP SOty e xS for
isiisEyinOpkatiduld? deSgi efsireaRdisar € desirably strengt hened
and created for satisfying particul ar design
requi renents. In another exanple as illustrated in

fEh otk exdtdslb 8s DhsthlhR ih @f%e gb Hﬁftli bPMRS 1cbbe pbEbANTINdnBing
a

the | oop 120 are forned the z-x plane and are
4o, Hhstlogn 129 g f%@pfé, aleng thg |z plg]@p and are substantially perpendicular to

the two extremity loops 120 formed along the z-y plane. This configuration of the

loops 212 advantageously allows effective reading of RFID tags 218 that are
positioned in a particular plane, such as in a plane substantially parallel or

perpendicular to the x-y plane.

As shown in Figs. 9a and 9b, the loop 120 of the antenna 108 may have different sizes
and are arranged according to an increasing or decreasing order of the sizes.
Additionally, the loop 120 may be constructed from conductive materials in other

geometrical forms, such as ellipses, triangles, polygons or annuli.



10

15

20

25

30

the two extremty | oops 120 forned along the z-y
pl ane. This configuration of the | oops 212

waadwansssgeous!y all ows effective readi ng of RFAPOI/BEY®S/000396

218 that are positioned in a particular plane, such as
in a plane substantially pa'@al | el or perpendicular to

d
T% )é?(ﬂlésaantblé)ﬁg a(%?%gﬂ é Vtgmdl9 @pe%‘%gs | 1{%2 eto O%R)ther
mbo@ment@fehb mcrﬁmdlfnlgRFI@ a::phcawnsa ascplnzgs eadigpeandetzasking of
%?ﬁ { argUC t ea s¥s‘?e| & ?@OO hb‘ddI tolstofb%yﬂ){a’t ah hxgs a (1)1969 t(h se%d 8y re%glve

cons rom conducti Ve nateria
geta iretetatioa ko the traskingsafaie REIDethgsl |d§1e§{FI]D Ita@ ag tglscally attached

BT S8 EE Bl oot A are Erulboreh AgpErRE 1064 is

iconpidtt foahe haxt 1602 for amptolligtthodia s@iidh oAt the &ditrQoZreld an

ID tags. .The s 000 ost 10
RS et Mo cis oY B i ia 1PGb Brvzsdis RO Sighals The
lsPtel 11000 &)ﬁbfétb‘lﬂfr toba@ik Hor® fthdnheneRiritdAnk AQ8 . forl hensﬁﬁmag and
tags.are _typi |y attached to articles stored in

reSGYmegradioritrapency, sigals ing Tupfisr cowping ap BBISHRE. m}élﬁalngdé’g}o
%Qfs doﬁpl@@ R the GafeBy NEUEtand QQRRETON refRP Y 60Y fof S8GitdhiH and

data sent by or to the host 1002, and _an_ RFID reader
$eloming svhew Hisreds moes thereongaapiones | 0Gouresding REGwigglsRF D
signals. The system 1000 preferably contains nore than
one antenna 100 for transmtting and receiving radio
flhe é}g-‘éri@gﬂ doyeramplean eoripptar los mobde deviesslikern laptopoha personal

i e e e S

slglt evipparty \maerﬁcathmlsesuch w0 IEER h80d.1dnén &ithenad HbOOmbde or
rir?l‘{rj‘a% anureRl%Iqo e Q'Falh St 15'6? 11@ %ﬁetfer%bqy aca}t)%)?e OF élsﬁg% 1nt%rmz}t10n

computer or eVI ce rsona
délgied & trafkﬁhgsdfahé READAYgs when peb‘cﬁéﬂdfchbjlr }heo&exadiﬂ the efstem 100.

t t hat. ts. :
e Pi 0P P ST BioSE Prviter B st ERarragmgtipt
edeohe hitédnasysiamg toooe node. The host 1002 is

preferably capable of display information related to
tracki ng of the RFID tags when requested by the user

afhe tRBwEY $O@Ms l:@}gbble-r(ﬁ%e%ﬁﬁm Cftizer R¥iRIRE 8PWied bﬁrﬁﬁ@fﬁcaﬁon

d t Lit upporting mult
@gg\;@ eg; ; g,‘rgw[ggs? I@%%&iog;}é Itvg%/ﬂefgéygr?mglgcahon bgtween the %ost 1002,

the RFID reader 1006 and the antenna multiplexer 110. The IEEE 802.11 wireless
communication of the gateway 1004 is preferably performed in either ad hoc mode or
infrastructure mode. The ad hoc mode is more cost effective and is suitable where
wireless communication infrastructure is not available. The infrastructure mode is
suitable where high bandwidth communication is required, especially for managing

inventory flow.

The RFID reader 1006 preferably supports reading high frequency (HF) RFID signals
at 13.56 megahertz (MHz) or at other high frequencies. The RFID reader 1006
provides powering up signals to the antenna 1008 via the antenna multiplexer 1010.

The powering up signals are transmitted to the RFID tags for energizing the RFID
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The gateway 1004 is capable of perform ng either
W reless or wired conmuni cati on and preferably

w@e@vioskssy | EEE 802.1 1 wirel ess comuni cati on PET/BEHI05/000396

the host 1002, the RFID reader 1006 and the antenna
mul ti pl exer 110. The | EEE 8f. 11 wirel ess
QAR CE A RIDOh m@ el %ﬁwy RifPAsigmisPEatBLiAP k% data stored

perfornmed in e|t er ad hoc node or infrastructure

rbdbe RFHR tags sscsuhesguently trapswitied stherafrgract Thes tagndpts sontain
ShifolARlos yyﬁnhgllg%rﬁe 8§ DCARETAHLE HPIB i n%rgﬁsf Qétrééé‘}JeH ﬁfyethe

is not aval e. The infrastructure e 1S Ssu
wrisres H0Qandoatadbindrend duthuRFEA¢ader 1006 T REMD reader 1006

- f.0r e
rquéa? d re@h%&é%cfeg rﬂééfrg\r@‘g% &,glafs ntggt?%gl gr/tefdgg\%la -B;'e ﬁﬁF\lvgr 1004 for
(dH@)aYREIﬂEbtsggatastsreéuntllsf@ﬂ)mgahertz (I\/Hz) or at ot her
hi gh frequencies. The RFID reader 1006 provides
powering up signals to the antenna 1008 via the
éﬁiﬁantmanmhlﬁpbkaxml 0 lﬂﬁ@ferébﬂbe cqscammb ngd bps & p@m’ﬂgs ofaswput
?[ tmrt& dt.oth RFIDt rfeng 1§ % f
FQI9 g PR taﬁ ﬁgi}lﬁmto glga ey rg‘ﬂ m??FICB“ iguration
Seqir@hsnts. OT\Iﬁd?drilfﬂnﬁ@ miuétiplectad H)C}S tfmth el ?Wlibhtai'lﬁllflﬁgleas hﬁt@@nas for
are.s uent nsmitted therefrom The ta
i DS A b Bt P b FiramRRr D E G 0o
RFI D signals are recel ved by the antenna 100 and are
then read by the REID reader  1006. The RFID reader
TO6 6 ARSI RN By Bigs dé do  hempsatsiegpraplaryimplemeniations of

1ﬁ)é)gnté/dn§ 1bheordRiE f?RFIB) sf@ﬁe Qﬁt&ﬁia@()b@gsﬁm 3G .43t ve
stored in the RFID ta he ant enna nul tl£ exer 1010

jaaqhed fediffisrept logationy &1 @%’d Ofasyicl appy prapniderneth aghielpeack
qu’bi ond A bQREIHE! RBLF 2045 3560 gﬁ%dqﬁl AGw e Tﬁﬁ&ﬂﬁ 100 bemg

mul ti -ant enna confi uratlon r renents. e antenna
rembpdq@ﬂenesxr ajigdled fig ramheﬁexgxdﬁtqf rvegtbbtv@ B¥0eclig. dhtskowmathe

?{emgaeﬁ)@bggl Retdced U5 u?\ée&a&r%lé rggh by the user or users

e antefina system hé™ drawi ngs as shown in
Figs. 11 to 13 dermnstrate exenpl ary i npl enent ati ons

050 AR b B B 55 S, PEDOR

ldiscbédo nﬁslt}mﬁg}aomh e Inﬁmﬂnél(l{f enfbuditheais o thedfiverticlesrs datldsad, it
:fgcgc;rrfle]s_ rf%gaﬁ ﬂ% nlaﬂ?cgwntﬁe V\%grrl] B/g\}ve&ts tli]nles,l Jlscﬁc?sgrlésthg‘cln%lznerous

changes and/or modification can be made without departing from the scope and spirit

(D

of the invention. For example, the substrate may be formed in various shapes and

sizes to satisfy specific design or system requirements.
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wa2eanyssd sur f ace 1300.

enbedded in or attached to an underside of a tabletop
1200. Fig. 13 shows the antenna 100 being attached to

antenna for an RFID systemfor RFID applications is

di scl osed. Al though only a rlunber of enbodi nents of

the invention are discl oseo1 it becones apparent to
one skilled in the art in view of this disclosure that
almmsous changes and/ or nodification can be nade

wi t hout departing fromthe scope and spirit of the

i nvention. For exanple, the substrate may be forned in
vari ons aﬁfeapeeﬁormadi ofii az deast onessitlé of y sapeief for rats ifguency

t i nt f d t
FLRLET e e BETES ek Al RERET | chtency

i dentaﬁfscg{abmhegmm, antenna has a radiating el ement
conpri si ng first shaped seqgnment; a, second. sh
segneﬁtsecoé‘gc%%aﬁ?ﬂ TR re:evgl g dhes Bish AR SFROPE Fhars n%@mngn’fs
) R 1660 pbARed ap@rtions; and a junction, the
flrst s &)ed segnment bei ng sgatlally disp Iaced from

t he seiBRdens HigdEst sharghepenah §eipg F}ﬁ)éla]é}[ %\éﬁlpqeéaﬁqnythe second
'smpea COBRACHRbend re%ﬁ’ﬁal'i}hﬁtdrdbﬂﬁéc'téar’dn‘éﬁg’f ik §1RRtiGRR Rer®fom

first and second shdped segnents extends, wherein
Gﬁél o thet ffret aﬁlwcp@ﬁbﬁﬂp?ﬂoiegm@ﬁ%eﬁﬂdﬁ he first shaped

S fgm&her%foﬁ]@%?@@ 450 Yok &H&SQJf tﬁmstt édcg@gﬂer@esﬁéspaﬁs

of the second shaped seg nt for orm rst | oop
tvaithi ang o4 tifei uv\@tloluﬁdmOémns fof thw sedvad shaped @@mefnb forifpraning m dirst

L f
?oolpthraélng etulrr% %{( ‘aie egl%gucéhgfglé %@E(?ﬁ%g rﬁg%?%gﬁ%& ﬁé??,ﬁaqd
HEGotbﬁtrhﬁ’rtha)ﬁNot lbbbdt puntldnslmédileﬂﬁrstt shapesl S@gmelﬁ @osgepomty with the

t for.form,ng a ay,
SUEDREB TP dokec oBlinnd RERERRRulSRARE sty AR oo g ecompd
RPHAVing akédhd curaefiew thetdigolghr foi 1ndmﬂiﬂ@1§ecéﬂdﬁma@16ﬁb fidig
second_current. flow are in.r tat| al | osi t
it T oCTPORE Endirst e fop Pgole secot Spstie B0 gl Papiegonally
dPpRAE Biredtiond 4R BEAERNRbop RORsposdd gpmll&laﬂﬁberﬁ Bihs €A loop
magneti c fields to generate an interrogati,on region
for the first and second magnetic fields to generate an interrogation region

wherewithin induced radio frequency is identifiable.

2. The antenna of claim 1, wherein the ends of corresponding lobed portions are

separated by a gap and oppose each other.

3. The antenna of claim 1, wherein the junction spatially displaces the first loop

from the second loop.

4. The antenna of claim 1, wherein the first and second shaped segments are

formed on opposite sides of the substrate.

5. The antenna of claim 1, wherein the first and second shaped segments form a

single continuous structure.

In the foregoi ng NmannePCT/8G2005/000396
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wherew thin i nduced radi o frequency is identifiable.
2. The antenna of claim1l, wherein the ends of

wae oo esgsondi ng | obed portions are separated byPer/gamos/000396

and oppose each other. 3. The antenna of claim1,

wherein the junction spatiaj]dy displaces the first

| oop fromthe second | oop. 4. The antenna of claiml,

wherein the first and second shaped segnents are

foor re@homtappes claen $) deseio thetfivet apd betond slepedsegiigets are one

%ﬁ nna f cl |n11, wherein the first and second
ngﬁag §W¥n s forma single continuous structure. 6.

The antenna of claim1, mherein the first and second

A T R R SR

|aﬁ;at~,¢ne1dop<pﬁadam aaaltadata;gemgnmcfmx@maﬁces an

alternating magnetic flux pattern. 8. The antenna of

claim1, wherein the two | obed portions are one of

uUbst gRE | dlidnia | sfeBhintal, RREte@SIBTBL] I168. pStiodd@re one of

antenna of clajm1, each of two | obed portlons bei ng

shbsvatalinidentical a9 ap@mmstiedke first | obed portions being

substantial ly perpendicular to the plane of the second

| obed portions. 10. The antenna of claim1, each of

tho | dbeantpenetaf glain of cachef tworlgbednogions beoing pleparsad the plane

AR oRR i PRk s B DRl ANGIR 1 MRl Jrae Wb

tlbkedpodives.of t he other of the two | obed portions. 11

The antenna of claim1, wherein the inpedance matching

network is connectable to any of the |oops. 12. The

aft enMhe aftenhaaofieldim Wheack iofi tveo abed ippﬂ'mn@bf thadirsit andgsecond
are con ectab

gfhgpg’ﬁ ﬁaggt%?nts li)eélilg.'li) quar getgef ﬁla{“h one oq” {1 10115?d dporp ofs, be being

| sabsgantiallppdrpsndice@ drthe plane of the other of the two lobed portions.

11.  The antenna of claim 1, wherein the impedance matching network is

connectable to any of the loops.

12.  The antenna of claim 1, wherein a multiple of radiating elements are

connectable to a common feed.

13.  The antenna of claim 1, wherein the magnetic field in the interrogation region

is substantially uniform in amplitude therethroughout.
14, The antenna of claim 1, wherein a feed is couplable to the radiating element.
15.  The antenna of claim 1, wherein an impedance matching network is couplable

to the radiating element for matching the impedance between the radiating element
and the feed.
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wa@omplosssie to the radiating el enent.

is substantially uniformin anplitude therethroughout.
14. The antenna of claiml, wherein a feed is

claim11l, wherein an i npedance matching network is
coupl able to the radiating ement for matching the

1lg‘ped%gce%ge& VP o%ﬁgur[n di g aﬁgm?al R, A eltné{}]'Qdentiﬁc tion,
f'eed |gur|ng an anten or radio
ftheexqenhmtg/ompismglﬂﬁasmmbﬁn t he net hod conprl si ng the

st eps rovi,dj.n radi atin

eant P kg Sarl e P esblR ik Rt

provi eihe@id the stepdofoproviging! thereadiating reudmeant dfm'rmar |csnnp:gs1mgwme
steps,of: providing a first shaped segnent; providing
a?teé’ge%nd shaped segnent, each of the first and second
shaped segmnﬁﬁlggqﬁﬁrsh@eﬂgegﬁmt | obed portions; and

provi ding a junpction, first shaped s t bein
spatial |y Bl }nﬁc%de?oi‘%niﬁl?‘?é CEREH GE‘H’aﬁg%esg d Sheppd
Reifd senembs dofBlibiMg iwd I8hsadRRME QR4 hr ough the j unct| on

vvherefrom each of the first and second shaped segnents
ext ends, wheVEing agpectign. thgyfirst sharqdossen Geing éP@laBY displaced

fﬂd'n% 'fheséé@&ﬁfj sh%ﬁ&f@;?fneﬁtoa[rfd ORRRNAS MY iRRR offectcRGhloh the

| obed portions of the second shaped Segnent for
fieration g'harefrpmgﬁchl o os frahand gecand $ha9@d EEMeRp extendsiy

t heret hrou 95“1? r g{?eﬁ] ¢l

t he ot her g:?ert:ﬁ 0ﬂevvo %gggq%%lrdt 1ons o %1%% S%Lq%d égﬁem

Shuppdndseyite one oﬁ theetsjodnbksl partidnst dfethe sévend eliapedh segnyant for

lffgltl?nel %of’ IISJ[ ?OQ)S h&w gheﬁ S & %Hgntsﬁ]o%@?l%regﬁ%gﬂﬁ{nfor 191{511I101r\1/§ a first
orm

I'ng a secon
tdwneﬂidﬂﬁdd,gc’mdf th¢ oithad olﬁ:thﬂ gwa leked podions g el firstt shepad, segment

t h t fl d d
O Btarit T b G 50 bl R0 el PEee PR RGh o
ffofngihg la0RPoridSlodp IpRised spaid alreyt adyamersihrdughtfbe inducing a

second | oo the first and second magnetic fields
t56° E?gé?ﬁr)f{l nt errogation

wherein the first current flow and the second current flow are in
rotationally opposite directions and the first loop is disposed spatially adjacent to the
second loop for the first and second magnetic fields to generate an interrogation

region wherewithin induced radio frequency is identifiable.

17.  The method of claim 16, further comprising the step of providing a feed

connectable to the radiating element.

18. The method of claim 16, further comprising the step of providing an
impedance matching network connectable to the radiating element and the feed for

matching the impedance between the radiating element and the feed.

15. The amtBPRG2008100396



10

15

20

regi on wherewi thin induced radio frequency is
identifiable. 17. The nethod of claim 16, further

W@ owp0ssing the step of providing a feed connertBRGHO5/000396

the radiating elenent. 18. The nethod of claim 16,
further conprising the stepf providing an inpedance
et chi € it i Liat :
e S
Fegines megifieble b werymsdhe oreenfatieniofltbe IoPhe nmet hod of cl ai m
16, wherein the magnetic field in the interrogation
region is nodifiable by varying the orientation of the
R6op. TOmethihé ofrelaino d6,0f hardimithe cobnectdre pei saparkted by an air gap

n [ t b n.air, ga en the first
B B8 R e s e B o ol e R g o Yome
fide pedie oubstrite. sanme si de of the substrate. 21. A system
for radio frequency identification applications, the
system conprising: a host for sending and receiving
dat a; Aa sgadreWey BaidJreoel e tchfidalien h@plicdtohs, the system
controlling the data sent to and fromthe host; a
FAUP'S™ME equency i dentification reader coupled to the

gat evaliost & sérfiadi Jng rdcading dbfaequency signals; at | east
one antenna for radjo frecig)ency identification; and an

ant enh &21RTIRE Psingesaupled do Hig hosfulet eeptioling ke dpda esphie anddfrom
thkeok@adi o frequency identification reader for

selecting the at | east one antenna for reading data,
wher ef fadiq dregipnen identeation seasler coupliidatoi thy getewmfor reading
p@ydgg]ugn%,isfgﬁglsshaped segnent couplable to a second
shaped segnent via at |east one coupling point and

f or neatdeast agentemnciot rdio frequénay idenifia@ppyshndg | obed

porti . ,acgent . | oop vi.a ..

conn e%:Ht}%]rt%l%F gﬁl i g%eefg‘%u?% égl&g%qitﬁﬁlee r%’a(taeév at iag% threer 65118 rﬁr equency
wiestifnatiohieader ot selectingaleh a 1dasteona @neynai for teating ddta,abl e.

wherein the antenna comprises a radiating element having a first shaped

segment couplable to a second shaped segment via at least one coupling point and
forms at least one loop having two opposing lobed portions connectable to an adjacent
loop via connectors for generating an interrogation region wherewithin induced radio

frequency is identifiable.



