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| DENTI FI CATI ON (RFI D) SYSTEM TECHNI CAL FI ELD [ 0001]
wab@siogssaent i on relates to radi o frequency PCT/US2005/000439

identification (RFID) systens for article nmanagenent.

BACKGROUND [ 0002] Radi o- Frequency ldentification

(RFI D) technol ogy has becone wdely used in virtually

every industry, including transportation,

manuf act uri ng, waste nmanagenent, postal tracking,

airline baggage reconciliation, and highway toll

managenent. A typical RFID systemincludes a plurality

of RFID tags, at |east one RFID reader or detection

system j
R D taﬁﬁtﬁﬁ%ﬁgﬁ& Sy ﬁf &%ﬁﬁ*&ﬁi ;ﬁ%@ﬁéﬁ. D
reader. The RFI aJ:'CIIAh )t$g ter that
may provide energy or information to the tags, and a
receiver to receive i ‘ﬁ!@l!lﬁlcgfﬁ,dﬂﬁﬂﬁr i nfornmation
fromthe tags. The conputing device processes the
[0001] GFtredih vemtion bélaien extradio férpeFi identeamtion (RBOY3ystems for article
general the information received froman RFID tag is
m%‘}ﬁ‘é%‘?’?r?c to the particular application, but often
provides an identification for an arti cle to which the

tag is fixed. Exenplary articles include manufactured

items, books, files, i vidual s, or
virtual | y any ot her tanggﬁ@(}gh[mﬁ Addi ti onal
i nformation may al so _be provided for the article. The

[0002 Rqeatyo -Beeaysrcy Idemtifingtion (R dechaplogy hay broems, widgly used in
Vngl];'ag evgry dlhlralilgr%ﬂ n%ﬂf P&Itatﬁ)ﬁl ﬂgctuslégl{%z%m%a%emem

SIS anU or O

postaf Radkaid, afling BAMAbe Fﬂaendlnﬁi‘dﬁmﬁd lephwhy tdilemRidgBmesiadetypical
outputs RF signals through the antenna to create an

RFeTDeiyisﬁemmgml@s e phirality of REID gaiit depst one R%T&sr%err%tde%tlon
' sygtomf 2y u ainte%%?%ﬂ d?)?nrﬁtﬂﬁcdtl{&%%lﬂpﬁlk @“%]t) 183 Fa computing device

I ons ransm I ni

to CoMfal mheCRFIBD Feadai (TheaED reader dfclwdes amhsﬂntter t}taormhy ipr@vide
the antenna with a nodul ated, output sig ({1
engkgyoy ipfermation toRhe tags ppd gr@cgaver F%ICB@IN%} ent1ty and other information

i Be tg%s{.] afl'h? npl{ltﬂ% cEE(}cg ptr@& SHR | f'(ﬁm%tl&? BbiaiHe@WS the RFID

wavesl rea er an Initrates
regdedmuni cati on by responding i mediately with its
[0(3(?3] 01{1 rggltleral the information received from an RFID tag is specific to the particular
application, but often provides an identification for an article to which the tag is fixed.
Exemplary articles include manufactured items, books, files, animals or individuals, or
virtually any other tangible articles. Additional information may also be provided for the
article. The tag may be used during a manufacturing process, for example, to indicate a
paint color of an automobile chassis during manufacturing or other useful information.
[0004] The transmitter of the RFID reader outputs RF signals through the antenna to
create an electromagnetic field that enables the tags to return an RF signal carrying the
information. In some configurations, the transmitter initiates communication, and makes

use of an amplifier to drive the antenna with a modulated output signal to communicate

with the RFID tag. In other configurations, the RFID tag receives a continuous wave



[ 0005] A conventional tag may be an "active" tag that
i ncl udes an internal power source, or a "passive" tag
w0 bas/08383ener gi zed by the field created by theP@FUE005/000439
reader. In either case, the tags conmunicate using a
pre-defined protocol, allowng the RFID reader to
receive information fromone or nore tags. The
signahfporhithgRBEY repdesardietiates cammunicationby cespaediag énmediately with
) S%éte"HE% receiving the information fromthe RFID
S QHBAIhd perform ng sone action, such as updating a

[0617%) 38R entidhafBdithhyPhe arf AR1GOTRY tHaB EhclRIE 6L TSRV source,
as'a yrechamsm or “progr anmi ng data into the tags via

or alfpassival tag thatds engroed by Gerfiedd cicatsd by dke BHHAzeador Irpjther case,
readers have a single jpductive and, o tedna .

thq GELETDERG e g erekraknyed gl B AL REE ks o deceive

infol¥h#d ot Rord @nb/oz mo@fb%@.mﬂﬁé‘&drﬂpuﬁn@ eie@icaBéroe@sart iafmiation
create magnetic fields that suffer from"holes," i.e

manegéroens sysiemthyoheanngeieonfomatemfern the RFE deasdgeand performing

t hough t he RFI .ag_i:S, ] ocat ed, el at.j vel .
s S0 P bR R b B e gy gorve o
a h@d@his@YoPprolghnidirgl dakLintdthehigs Vid fhe tdrhlteng s

affixed, in sone situations the RFID tag nay be
(0006 tGomwentitmel antennak fiey REFDteadess haveer sipgle daduodve loep apd operate

. the antenn uring interrogation. ' 'l(ﬁﬁ];i

m%_ﬁ%@?‘é%( F’&ﬁl QU R ¢ §rit% rﬁ%%;ﬁkg%i %2@ o oppcg@ls? Quently,

thésk d8&nds thiBioRirédd hagnetitidlds thenasfet Bom ‘Galeslilegirégions in
effect. As a result, the RFID tag nay not be able taq

whichireREIREeDannethereahevesihaughihe RELL tagds focajedgplaiively near the

ddi t{.on, conventi gnal . j t RE :
o B0 RS PR R Ny B R
thdRFIT3 efptishifikeBEM@BhelshiBatRilg B RFID g nddjt@natred above a single

Consequently, articles placed proxi mate the antenna,

tum, of the induetivedoerhef thaeaivhas GringHaterresationp In #hy sigeation,

D S0 s WD 60 K e

to AREndel 1R ofFdeat A9R résll, the RAIBdagifdy nbDbedblaty shitdve RFID
i brary managenent system may be inadvertently checked

copumunticatign otithethe pradeon.  SUMVARY [ 0008] In general, a

OB PO GRS STATE i o

m&beiié ablds (e Bt teAA héxiZoReal flyWeytistthe Bdgss JRuBstBaeNConsequently,
Vbre specifical I%, a dual -1 oop antenna is described in
artipiescplacadeorpximpte the anisara. citordeyt Qribe apeaapn the desktop, may be

inadvertently read by the reader, which can lead to undesired results. For example, books
associated with one library patron and located next to an antenna in a library management

system may be inadvertently checked out to another patron.

SUMMARY

[0008] In general, a field-shaping antenna and shielding component are described that
shape the magnetic field into a desirable configuration for use in an RFID system. More
specifically, a dual-loop antenna is described in which the loops are positioned and spaced
in a manner that reduces the size of the holes within the resulting magnetic field. In

addition, the configuration of the described dual-loop antenna achieves increased field size

2



in a manner that reduces the size of the holes within

the resulting nmagnetic field. In addition, the
w@oovkiogpss@t i on of the described dual -1 oop ant ePEEUS2005/000439

achi eves increased field sizerelative to a single |oop

antenna wi th equival ent power and decreases

i nter-w ndi ng capaci tance, thereby increasing overall
relatiaeltor Asigele dadpi anvannia bwitht duwiveteng poraer ndeiRejeasas inter-winding

addi ti on, conducti ve iel,d is descrjbed that
capiiiiohis HeattprBgesne Srpbieay Teteh A et Lo Perthrsduced
[0@094 11064 @8 MG dTOTveShP | Rlesé iR d ARt kMg W@ ¥neB@nd shapes the
positioned substantially horizontally on a desktop or

magpeti¢ Eekdgpodurkeé by dredanterinael ertrixemglonthe antenoa meythspositioned

rallel to t | ane.of the antenn i ncl udi ng.
sub ety et Bhg 5l hO FRSAn T Ry Hictd may be
or38RARLIN] BUhé RS bhetaRfnAd igdliding Godatediih tHehanR)PIARtas the
to which the el ectromagnetic field extends

anteoni,zod gghé¢rpllhsyrervadingdhe aggesnadp lipbthgrextenhit, wineh ghe

| t lect ti Leld . duced t hat
eifeFRteans  iTa PR S RRRThLn b s r RS FERRIME g 2 resute an
elstabiiabhdicide Befradilasd et obaahllE B dbaté 8 BAO® thdlantenna,
whi ch 'RPID tags can be read. [0010] In one enbodi nent,

thes dafining 3 gensradlytveriival eammphisaidonszqsieun athichRIFD tags can be read.

0B 5 5 SR8 S B BB BTBPALS of bl ops
to PRIBNES it alebi@dinNdretic BEIdIot ifo frid\RnEPTIRHGEHEA@NI(RPHD) ar e
Spaced apart at |least a distance that is selected

cobmswtcasion avith REWXtagn bhe eonslupivedoppyare wpackd wpare it legsé a distance
nt enn 0 icates. . [0 th di t
T BTN EY &Rl a0 B BRR Ly BRI SR p oo

cogmidfitdst ag associated with an article, and an antenna
having a plurality of conductive |oops to E%Ioduce an

[0@11d dnropthgnembedimpet, @ r4die fregaranideatifiepioni(RF1IP heystym gpmprises

t The_ conduct.i.ve | S & | . -
ol p RS- BRASHRLE SRS RLE AREFSRaBle s SATHIS otgpngpene
lo6Hs B peddvde 8 elebigortiigretit @igld fof 8duhitaiditwhiBthe RFID tag. The

enbodi nent, a radi o frequency identification gRHlm

cogguntivenleapsprd speecdaai least edistanchtat Boplegted hased at least in part on a
.electro ic field for comunication with RFID
aifighiol R BRRTIDT

# antenna has a substanti al | y pl anar

[00 2] Mh afothbbshBaitimaht ¥ ran fre@uaus ideandettion (RFED) Slstbni Somprises
posi ti oned around t he antenna and within a plane
anpateant dlat fams ke ekestremaaneticd@ldfor rRemymicatips with RIFD iges.

whezein tﬁen?n?gnina gg 3 Sl%ste{nt[]i%ﬂg’ BYHEQII fo?rﬂ. A &bgtgﬁtiilﬁxé&tiigﬂoﬁgq €
conductive shield is positioned around the antenna and within a plane parallel to the
antenna.

[0013] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.



acconpanyi ng drawi ngs and the description bel ow. O her

features, objects, and advantages of the invention
waowdos/okss3@ppar ent from the description and dr aRETygsS2005/000439

and fromthe cl ai nms. BRI EF DESCRI PTI ON OF DRAW NGS

[0014] FIG 1 is a block diagramillustrating an

exenplary RPID system 2 that incorporates the

t echni ques des BRIBFDBSCRIPTIQONOOFDEAWINGS s a bl ock

diagramthat further illustrates on enbodi mrent of an

[00”1’21?) ?’T@?‘l &f 2 b166¢ BekfansymseMR anfkGnplhry ROO3 &) stéh G tha i S
a an view of an exenpl ary dual -1 oop antenna. [0017]
indetyfaratds the technéguet destibed kskeiwf t he dual -1 oop ant enna of

I .~F0018], El G 5,1 schemati c di agram
ol e 2gs ok oty web EnBE RS o YA fifent of n antenna of
theCRMIVREtdPBf Mi¢.N.a conductive shield to further refine
and shape the resultant magnetic field. [0019] FIG 6

[0016] ¥1Gi dés aplenviser efracxemplady dugldaop fiiemtar at i ng

a effects.on a ic field fr a
(05F FReTHPuaplidRe SRR Pab st 0020
[0(ﬁ|SFFIC7}. 5 $ AnAkhefic SiagRnVilRutARESRe!- Ahtcagh afilized in
ilTustrating exenplary fieldshaping effects of a )
cojunetinat Witk a spidictive ploeld 19 fyrther redimeiagd shapsrtbpreseliaps magnetic
ﬁe&%agram illustrating a side views of an enbodi nent in
ich a conductive shield and an antenna are nount ed

[0019] PUG36 Wr Kddelew Pefspe@ivedptah ifsGatiBBekdinplary effects on a
perspective diagramillustrating a side views of an
magniiifietd iron) a cordushveshigldoamingle lagpateagai n a

ed. port.ion. of . a worki J C
0GR 30T sEReH g s AERE R B e Bagmplary fisld-
shﬁﬁré bectbikd thdastivieaild. DETAI LED DESCRI PTI ON [ 0023]
I 1l is a block diagrami|lustrating an exenpl ar

[0021] DISy8Adsa perspretive digsrappiiseatingreside views g e bmbodiment in

WP R R AR B apd By b ot P R PR R e

[0022] ¥3GO8B ¥ Hpérspactive HiagranTiRistitD £316d EewsBYan é@bodiment in
exanpl e, be deployed within librarjies, |aw offices, .
whighvan aniema ingeneted 4o a srcesseR pprtioacfia werkingspeace apd p gorductive

s AorPhef i JIRRUERALD RPflor 4¢ B8 woRldEL sdFacklS! ness.

DETAILED DESCRIPTION

[0023] FIG. 1 is a block diagram illustrating an exemplary RFID system 2 that
incorporates the techniques described herein. In the illustrated example of FIG. 1, RFID
system 2 is used to track books, document, files or other articles. The RFID system may,
for example, be deployed within libraries, law offices, government agencies, or other
facilities that generate and/or store documents and files, such as business, criminal, and
medical records. The articles contain RFID tags that uniquely identify the articles. In
addition, each RFID tag may also contain information describing the article, and status
information indicating whether removal of the article is authorized. The RFID tags may
be embedded within the articles so that the tags are substantially imperceptible, thereby

reducing or prevent tampering.



medi cal records. The articles contain RFID tags that

uniquely identify the articles. In addition, each RFID
WO a@5/08383@1 so contain information describi ng tPET/US2005/000439

article, and status information indicating whether

renmoval of the article is authorized. The RFID tags

may be enbedded within the articles so that the tags

[0624¢ Is @bsdraly RIFAD Isystemmerpeeesi within atfreguetny reeghuefithy or
elegég%ggltécﬁqaﬁnpp{sﬁmmr I n,gs' llg) 8%@;% &I}?z: %ﬂia%* al WFI lBles’ g’cfuglquyzvariance of
+/-e’r FHEF g&%@@} bfhe BEGidnURE nfy &R uwB&d 3 REGDMpBlicatiohl, 288 the

al | owapl e

D
frequency variance of +/- 7 kHz. However,
imgentien if maegodinuieds Fongxaneple sene R IDraysemspp largastprage areas such

and the invention_i not, so lLimted.. For exanpl
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U inUisTes. an sicsidesnh bait cORey at@emtthat detect
“’%%%?%% A 1m0 Méﬁ%zs] 8 e a hat detocts

unaytheszadeemevalef aidddes faom expreteetedheieal Foyexamnle thgprotected area
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ouf bR BacR Mo tElidkadyl A SediBiqubecRO@ Ko O applieaito other kinds of
articles that are generally checked out from and back

ariciesowithentideparting fromhibe seaps il theaeseatinyeaiofo be appl i ed

her kinds of .articles.w tho Ehi roo :
O o5k B B PR R ASaion
zoR¥ 8t &5fridol 106AtEd &arltiad &licEfprOectan dredB Thb laticedA nRl I include
interrogation zone or corridor |ocated near the exit

antshngs for svemegatingshe RRD tags a5 hey pass thioyel e gostidpsdo determine

ant ennas_for. .i nt err ogat j t.-aqg -
RTS8t B8 A B R PRSP gl sy
5 B uli RNt s CRFITN R all @A nbishawhpeh@ével the antbineks) Tedetect a tag,
Exit control system5 may utilize at |east one RFID

the BEdeadef nutputsHoipywerdhpuigly thetanéenant Wrieaie amelegfeqraggnetic field

t.ag,, the RF reader..output F Lhr »
wigf e gt FRF o B T Rl SRl el
“nﬁd@]ﬁ@ﬁd fdat hRNse@ iftbrdRingedbly BERET &l the hﬁgnétﬁr dsBnponent is used to
"€l ectromagnetic field" and "magnetic field" are used

coupleavithtadddbltggher ei n as the magnetic conponent is

I i.th . . J . .
OB E AR G5 oA AR TR e g

cotfiddd shdt 3§ dotrel Sye@al b afesnined Whstheravghoealidf tixomticlelis authorized.
system 5 determ nes whether renoval of the article is .
If zanndnest pEthg artidle isanbeuthorized; erdt egnitol pysteng S dgjfiates some appropriate

t.horj. zed it I t 511 ni.Li.at
sefiy e P euob i hpit R pydhe ik 1dching B 6 SRR
[0628]i 1Rl :@dRioR! RFID 8¥sdnn @ iddludsiatchgeli-B / dhieek-out area 11 by which an

authorized person, e.g., a library patron or staff member, processes articles for removal or

return. In particular, check-in / check-out area 11 includes an RFID reader 18 for
interrogating RFID tags fixed to articles and changing their status as desired, e.g.,
checking-in or checking-out the articles.

[0029] In addition, articles may be positioned in a number of storage areas 12, e.g., on an
open shelf 12A, a cabinet 12B, a vertical file separator 12C or a other location, as shown

in FIG. 1. Each smart storage area 12 includes tag interrogation capability which enables



[0028] In addition, RFID system 2 includes a check-in
/ check-out area 11 by which an authorized person,

we2@s/08m3¢ i brary patron or staff nenber, proceBEEES2005/000439
articles for renoval or return. In particular,
check-in / check-out area 11 includes an RFID reader
18 for interrogating RFID tags fixed to articles and

trackiag of agictel ehnoughoat asacility d s Hbrry sctigng, forrxekiply aibeokeould be

chec t. the artic [0029] In addition,
tfa‘é]fqdl%\ &%gymﬂg“ﬁ }332‘8‘ in a nunber of storage
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tical I'e separator 12C or a other |ocation
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hb'énf L A ar?BB%?.?ﬁ'él\nt Bﬁ A%E s@ dhA%eRAde d RoRSiHA. at@@xample, a user

e managenent system 14
m# Rkt thedocivhrant |st7dﬁ1:i; af atpattambtr afticldy sucthag; a prfolsy néatlp]@n
for each article in the Eac:ll Artlc
maspgementEstaEyl bRay Bigredataieled saiats ?@%’af% agfigeport to
th? use q%eela&%@alﬁtoﬁ fab whith F@Eﬂlbf&%ﬁé'lgéé?écﬁwltﬁlﬂ%e% tl¢ smart storage
rarian, at various |ocations, can access data
aré8| @WptieRallyy aftivds mahdgensent mtenekéhcqn Ie-poél ardheryvisg re-acquire the

request . the | ocation and status, cul a
cueth lepationstl o A6 Ko R Hiec i g Bty ogispied n the
a@&é etrl eve the article information from a dat abase,

and report to the user the last |location at which the
[0832]i A$ @esoribed ndatthet detdilhetovoRE1DX system %mptposatgi@\géechmques

ccperiginerr. o B Reth e DUPPa ) BRSERgR, mey
1n?(§r881{5|1ea£ fiélﬁ aﬁlﬁ YRAILIY: %Eﬂ’[@ﬁnatlrleanﬁratdoﬁﬂﬁcﬂv% shitld P@that produce a -

onlnlcatdlnt dat abase
magnetic field in a desirable configuration. For example, RFID reader 18 may incorporate

dual-loop antenna 13 described herein in which the loops are positioned and spaced in a
manner that reduces the size of the holes within the resulting magnetic field. In addition,
the configuration of the described dual-loop antenna 13 achieves increased field size
relative to a single loop antenna with equivalent power and decreases inter-winding
capacitance, thereby increasing overall read range achieved by RFID reader 18.

[0033] In addition, check-in / check-out area 11 may utilize a conductive shield 16 to
further refine and shape the magnetic field produced by antenna 13. For example, as

illustrated, antenna 13 may be mounted substantially horizontally on, within, or below



[0032] As described in further detail below, RFID
system 2 incorporates the techni ques descri bed herein.
w@h@sksises / check-out area 11 and RFID reader RBGI/UBI05/000439
exanpl e, may incorporate a field-shaping dual-|oop
antenna 13 and a conductive shield 16 that produce a
magnetic field in a desirable configuration. For
desltaprpb eCoRﬂilclﬁvc e]andbir16118a}‘r’aﬁy lacaied pporntoend igeherap purrounding

nt e d h
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18 &0033 In addjtion, check-in [ check- o t areaqﬁ?
shipdd) | @npqdi oé neceseEY be Pleairichihepiannds ks Shanerthe agasticaeld as

the nagnetic field produced by antenna 13.
deg%%eé%gng? as illustrated, antenna 13 nay be nounted
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13generally igeludes ﬁs@ﬂam@%fgﬁf@ A% dese ?domaﬁ’glw%s‘? e helon, 2t
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m@n@ﬁt ﬁe]'d&@ﬂelbhwvés iatrdased fmicbs:iz&:m’di sttlteagthg évdthoagh discussed

proj.ects above and bel t th def
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_ top 1 w or wthin the desktop out of
1n&N&Mmf&@m1I|brary patrons and staff. Conductive shield
16_need nat necessar

(08Flpbneeiigg trachdal 1p08s St it HedieRil g pihides
gh&%ncg n'xeﬁclﬁ'né)w5%1gdl 8RR SBd W tHR6op ditudalré ahESable 26, which

tenna 13 ustrated, antenna 13 generally
maylbd aldesaxidliedbld. dpsle2 8 istvatipledi$o thaigrditguid 22 vid eablcheg and utilizes
ositi ned and space

det
anﬁq%g? Il#é%e%g]\év@m %?B%lt&fl [S5EIVE OPRRIQRY d(qus?chenﬁ edder 18 may
inf1884'h b0 JXRIOR Pleg td in@érgreaﬂﬂ SRl RYBBed MeMaasag ciriwt 2.

size and strength. Although discussed generally as
[0636]i Fig. Gush plauozwy ofint exemeplary dualylonpvetenrri3q.i e exemplary

Ioo s th t ace a on.the.de z t
erptghe 58,10 AP T 0 1 e i B Togp O hat
reg‘atﬁ@ oh Pﬁlt'a}'lélqkiﬁérs Bﬁegﬁrmt[e@ eR&lit o82d.NG dlotiet binbddinieat @tner loop 32

oops to a resonant frequency, and provides

and outer loop 32 reside in a co-planar relationship.
[0037] Due to the configuration of dual-loop antenna 30, current (I) from reader 18 (FIGS.
1, 2) flows through each conductive edge of loops 32, 34 in the same direction. Asa
result, the electromagnetic fields created by the parallel conductive edges of loops 32, 34
are additive in nature and achieve a resultant field having an increased field size relative to
a single loop antenna with equivalent power.
[0038] In addition, inner loop 32 and outer loop 34 are positioned and spaced so as to

reduce the number and/or size of any potential holes within the resultant magnetic field.

For example, unlike conventional single-loop antennas, reader 18 may be able to achieve



i npedance mat chi ng and signal conversion between the
| oop structure and cable 26, which may be a co-axia
W@ avsmes3skeader 18 is coupled to tuning circui tPQRUS1085/000439
cable 26 and utilizes antenna 13 for both RFID
transmt and receive operations. Consequently, reader
18 may include a directional coupler to interpret the
susiegsfal canﬁnumnﬂd)nfwid’[mrt BEIIn¢pgaiositioned dizectlyChaesd a Eblﬂ.ﬁucﬁve edge

of 1 tingy Dl aps ishlgdh TR priabig i topu Rl foop

anteRfid HAG Sréfuck Qﬁl%fanh@ﬂ’ﬁeq?\%l Biderit Bn %ié Sditel sRRR o@ﬁletﬁFID tag, which
reside’on parallel |ayers of a ed circuit board

leads taa carveHatiarbaftichrainconiraten tag zenipredaboes ay eigs of puter
loocp %1[ (%e e}x%m% eh wdﬁ %1 cYe 1|ngtle§§edo ﬂ?rehtpdng%g(?sa 3195' of thl% ﬁlﬁ% tag due

oop antenna ent

to frfn@ffldoQ@Qe [Sicharfy; bERFID, ta@ derfidrodvabdvraaledhe eti@er loop 32, for
conductive edge of |[oops 32, 34 in the sane di recti on.

exawple, Pbachicveripeeased SUeFR iR peer sids eithe RETD dee e totpatter loop
4p‘”ilrr1 a tl?e%lcage ﬂ%lﬁ%rﬁé/s%d 95 agfl 2 an?érfeg&fi &ﬁ‘lrgg Rﬁthqlg fﬂetm tag,

Ieve a resu

allbWﬁ{getﬁé REFTDitEd & satdesiuBy abmugnioateavish RGP réa(d@pl &nmethigananner
wi th equival ent. power. [0038] In addition, _inner |oop

thesdesgribrdpenéiguragon o@duaéﬂ‘éopp@gq 1R GRdBRsRsdus e SHmE aa@ ) or size
of%%( B&gy%ﬁﬁ%ﬁﬁeﬁﬁﬁ{t efe'& {35 Eétr’c%ﬁ’ci any potenti al

resu gne rc field. For

[0639) TR loge cibbdiknt; dunee idop@2adndsiutg leogd Bompapbe osidened at least a
reader 18 may be able tq achi evesuccessf ul

disanemuhiragh WERTA dhsclagtadmassd oiya guasnsion i gn iR deg {pr use within
theg%gféeﬁ ap&fl%gzgfﬁ&a e Yo LRA0HR) LRRnABLENE 6 Mﬁ&wm tags range in

I Ca I h t I's situati on a conventi onal
dllﬁéﬂb\gntrefrbmdpﬁ’ﬁﬂl”mlaﬁtoﬁnma Setecyn)jto A (S108shEN i dny). Thus, in

equal current on opposjte sides of the RFID ta i.ch

ong ggpgdimenk D c‘ﬁi’%g? f"‘i qt%iwtoéF‘F r2 Mg fimegsion ﬂﬁ%% tag to
en 39 (5700 RS0 ALAADARIARL RroBHIRE oL e 18 o1 80 outer loop 34,
Wlﬁd:ldmapfoe ttheankfgetnd iadgnaemsingithe ahidalty bibepde3 28 tGachitwr dugeessful

an RFI D tag cent ered ahove _an e of . inner | oop 32, .
ComGPTISARADMBLh BF 198 S L Of FEGRH (P RREnOR I AR embodiment

D9yt fﬁ'ﬂ%&&mﬁ'&ﬁm&?h&%ﬁ@>%&ﬂ outer loop 34. In

€i ther case e I ncreased current achi eves increased

[0G40¢ rAjshongh Hiustrated ferexBmipbagy pmtplosnsn vmgh telpecRid @@ntwdytrectangular
agwcessfMI co nlcate\% [h der 18. | tﬁis
dugaRB, OtheR STH L 190PS A gRAd: @ CHPrSUER PRy Qyghor other

ERNAnA0 ARy €duce the nunmber and / or size of any
geﬁ@%es mftg?n the resultant el ectromagnetic field.

[0([41@3‘9@ 41 is @nexploded diaveof antémmaéiﬂ df &d3. B2Aadescobedabdveomtenna
1y Ipors It Zi)on?ld at |l.ea 3
30 compr ses a ﬁ st layer 40 that contams 1nner oop 32 and a second layer 42 that

contains outer loop 34. Layers 40, 42 may, for example, be layers stacked on top of one
another to form a multi-layered printed circuit board.

[0042] FIG. 5 is a schematic diagram illustrating a dual-loop antenna 60 utilized in
conjunction with a conductive shield 66 to further refine and shape the resultant magnetic
field. Although illustrated for exemplary purposes with respect to a dual-loop antenna,
conductive shield 66 may be used with other forms of antennas, such as single or multi-

loop antennas of square, round or other configurations.



di stance D apart, where D is selected based on a

di nension of an RFID tag for use within the system
wWOo-20050338p| e, sizes for many conventional 13. 5BCTVHE2005/000439

RFID tags range in dinension fromO0.5"x 1" (1.27 cmXx

2.54 cm to 2" x 3" (5.08 cmx 7.62 cm. Thus, in one

enbodi nrent D nay be selected to exceed a maxi num
[0@3TeCmidontivdf shidlé 6REIAD heagewes asrfour @ottdhaiverpialﬁﬁ k€giommgS A-65D

b d 32.and .
o s By B Eorag el it e o SRR S eing o1
ar$uIRl ABirnk 69 @‘onﬂﬁéﬂ@ shibfl G%Qﬁéﬂtﬁyﬁsswﬁé&mmagnetm field,

comuni cation with the tags regardl ess ag
therelbyalindting e chtemﬁerlgi createddryeangarine @0 rﬁ@sﬁle lmlfns rogion Innther

warls, SO bAEeeTEnS LEERN by Btents 80 cBfhda vy (b A and

ouﬁﬁﬂﬁrﬂinﬁ FIG.9 vd i inder @iidh-01008Ss pRiveeked Fohieraing eefantially
r eadi I%mtie used, such as round, oval or other

ovg@méwm‘ce d 6§ dpata B §0nctq9021q11afme@f the @@daﬁl\@qbleé@ed
[O(YALQ V&oq{dugtg\s eﬂl?ée}d %Q ifhude % g’dl% ?1’1%% %%5 'tl?a?? % 'closed loop

I SesS a con al ns

frdnh Beihg |f@®§bd%201&fdjan&rﬁle GOonitietehy @revéﬁnﬁgwairrenoﬁbm fosming within the
outer | 00&334 Layers 40, 42 6% for exanple, be
copdycsivg shie klweaﬁalt éﬁcwmeetr%eaa MREhay oA 2e e.ﬁaammlmum distance

DMffi 1eh@t%§%rr§age el él@étﬁg?l %1'15c I%etct Qf?tﬁfndcgnhﬁ&%]shéia%6 gnd 1’?0‘[

Ius

suﬁﬁamiaﬂlllylréchﬁ:e ithie smeﬂﬁmg eﬁbamﬂt\hd d’onductmckhtdld onﬁelxamblia Génductive
to further refine and shape _the resul tant magneti

shieldimaybe wewgermlpml&gpmtoé gthepeondustiyn isidivgr qa@sch%tance D4 need
nogngg Hng,ggmﬁgtfe&,qmﬁ %[@1] -l oop antenna, conductive shield

be used WI{ ther forns of antennas, such as
[0643)dh %eﬂefra];mbrtduchwﬂnem bélinRsated asliptaice ;D3r@mmcd>umr loop 64, and

ot her configu atl ons. [ 0043] Conductive shield 66
theydisignendd thaiom e E’Gﬁé\?@ﬂ‘?e\?én‘iﬁ I Eqwaons;od J1oA8 cqERUgisption zone

crdaf@t v r?f 8{1@9:1% €3h lihet ABEsIBA Q%tfﬁ@sqﬂé‘ Bgfeﬁﬁos? ITlhﬁJ[s%é gy isAR1ded

a no ed I nner region around ant enna
inéo meltion 6V én whichltik Ggs pag be ntasl vasensatmne K0 andriven with sufficient

el ectromagnetic fje thereby Jimting the nmagnetic
poweéFOdgf@P %alaspe%ﬁeg%h%y%ﬂt ClepEStieRgRyto @@@Pwucmsful

c\f\Bfl‘i’ﬁnu ﬁ%tﬁﬁ?ﬂﬁér'r@g&ﬁe' d created by antenna 60

exten s verti I nward and outward from FlI G
[0646] Eachicondutties ragamis 66A665D bata wglthpo€dénwhkith fgenerally is

form ntlaII er condugtive shield 66 e.to
deteprarhed vt o e ActatLo e Frrabaumicle foparo ik epna Dl Fay
exﬁggféuafelmaﬂﬁbs 6F Q?cﬁ@oh lnvsl ?ngléhs(HS%Q@m Bulst BE &6t that the

t hat prevents a ose
field strength at any region beyond, e. g out31de of conductive shield 66 is below a
threshold level necessary for RFID communication. In this manner, conductive shield 66
substantially prevents RFID communication in areas above conductive shield 66 until the
field itself has reached a reduced field strength insufficient for RFID communication,
which may be at any point between the inner edges and the outer edges of conductive
regions 65. Consequently, D5 may be viewed as a minimum width of conductive regions

65, and the conductive regions may have greater widths. For example, conductive regions

65 may be extended beyond the distance D5 for other reasons, e.g., manufacturing



from being fornmed around antenna 60, thereby
preventing current fromformng within the conductive
w@ hiosloss3d n general , di sconnect area 63 nay haRET/ASIPaP000439
of a mninmumdistance D4 sufficient to create an
el ectrical disconnect within conductive shield 66 and
not substantially reduce the shielding effect of the
simplieltyc tMureosér] edmductiferregivandd needowmi b of imiorshwiltiss, b6t rather

be. conventi onal, copper or ..ot her.conductive
eagnﬁ%/}é?“g‘? H@?@rgﬂa e&?%efléﬁec’gl?%uﬂ’edéﬁtaﬂ%ep%‘e nore than a few
[0047] F10BE & $sidé QRAPerdpRcORNEERhm URREHIREINEe Bl Da RBenetic field
Is’located a distance D3 fromouter |oop 64, and the

frath stcanductig shiskst fof whichadeft pegionhld) andragighipertioneti asp depicted.

Fimpldd P aR o e s ERBRRCAAERR R EhHEE p0es 74 and

760aPstdulEbsIrRdlirdanst widlgiedpechio the efbits bf & bendvadse sidldedual-loop
read when antenna 60 is driven with sufficient power

antesng atparhstlegigaliayiawed es # piaglg lopiimgua ey ingiagagdius equal to an

r i. : | i cation

av? %a g@%ﬁ#%ﬁéﬁilﬁﬁsgrc %%géﬁgﬁ&g[%g@gﬁ%ach conducti ve

[ngiﬂi&ﬁﬁluﬁgd’sg@ﬁﬂ;ms, @rth inelt WitbiﬁlDﬁnd?ﬁnivehragwm aid %fdrsallted
eterm ned based on the strength of the magnetic fie

e ARG TS 100 Mo QS RAERif, B G Adow extond to

GRS PBLRUEAL AR st s o i
poRtidrs T2} eespebtiveby) dTtatsj i ehauidd bé thaBifed thatletatingdeft howiohG0dnd right

| evel necessary_faor

RFI D _co icatign, In thjs
PO & nereelria GeRduravE Rressd 4ged g0 e et Bm&rtb% epfpugrd extent to
. ! . r . . . Lol .
ok BeSERT SAG) 0 o RYSAR 10 4aRBR NGk s Pl 6 g
postisreT@héurénts ebhdwwitiea tradesr74 Rt D6 oxoaldi fiirthat limit, thevbtedtt to with

may_be at any point between the inner edges and.the . |
figlds & 84 @5@2 Srward AR herappesitesgndwiive ggac%oﬁgeea\@éﬂ{ pamimpggication

zo@?%ﬁﬁig‘éir%‘l@goggm%nﬁg ﬁitﬁ@aéap%ﬂﬁﬁteosfmﬂ:@mka tlaod&id ©IHLSand 84.
, an trme co ucti ve redrons may have gre ter
[0049]tFes thiB ocasex DH{HEG. Bdsskletted® axegdommir@Bunadisiarce necessary

I R B e A ML
achﬁgh&gﬁggﬁge go;%g)fs Refrchet R REMDBhmWidida, but rather

eac erably exceed the m ninmum di stance D5.
[0p 8] 4T ]onE efaboBinent,fosexhenple, 839 peelepted to approfisgtedyrequal the

~EBHBGE AL B TIPS whi oh & [ eFt portion 70 and a

S ol oo DA e Tl Tust rated in FIG. &by

Inaddidions D2 és setemtmisto Bqualmgproximately 1.5%D1. For example, D1, D2 and D3
may equal 2” (5.08 cm), 3.5” (8.89 cm), and 2.75” (6.98 cm) respectively. This particular
selection for distance D3 allows the resultant magnetic field created by inner loop 62 and
outer loop 64 (FIG. 5) to extend from these loops both in the inward and outward
directions to entirely cover antennae 60 with sufficient strength to achieve RFID
communication.

[0051] FIG. 7 is another side view perspective diagram illustrating the field-shaping

effects of a conductive shield. In particular FIG. 7 illustrates a resultant electromagnetic

field 90 produced by antenna 94 and shaped by a conductive shield, of which a left portion

10



76. It should be realized that with respect to the
effects of a conductive shield, a dual-Ioop antenna
woreysoessBogi cal |y viewed as a single | oop ant ePEEUS2005/000439
having a radius equal to an average between the radi
associated with the dual |oops. [0048] As illustrated
in FIG 6, current | wthin conductive traces 74 and
92 Abandiracragle: poatameH are dapigiedt As illusthttd, B2 candiicB4e shield limits the
Not abl y., netic fi 2,..84.wul d . extend to
expab foowlicn glecBamagustisdits 9L Py Aty SisPestiun febfap4hereby
pré&fehss ?na@{ferlte%ft }eaﬁﬁfgtdfqi{F IEQa@GcJtéc%Eyoﬁ@ fifkd 1%?1233’&211 edges of a
respectively. Thus, it shou be realized t
deﬁu@écom@un@ﬁmorle on 70 and ri ght port| on 72 near er

OpSASARIHB e PSR AR PR LB o

chbék fnoroneek-olithrad thd inowhich e attema 102fand RofdiicRe Zﬁlelalnlcm are
ight portion 72 nearer to conductlve traces 74 and

mqmq:ddbqﬁwwerfaq:q H6. Iniais exaraple, angenpp A2 pnérenstugve @ueld 104
Ccre %é grp ﬁfi[gg%rtﬁrgmpgﬁlo%%ﬁg ﬁ@’?a&%ﬁq{fﬁéée ﬂ6t rﬁ%ﬁ%{:e T&emay include

ron Zone
v@al ﬁﬁ[b@a identifyth gt edxds B tle: (S)hﬂilm‘flcdti@)ﬁ z@ﬁgnm ﬂhts n‘meieﬁls
82 and 84. [0049] For this reason, [51
coggciive shieldyl Mreeantsinadverientieading aHREL éacgéé%atie9s %Qﬁbeyond the
2, 84 (FIG 6) to overlap so as
deﬁgg%gﬁglgg&tcﬁﬁd %Anglslelgd strength is achieved within the
[0033) I Gs 8Bfis & pemspedtioe dﬂgtaﬁh dhmramngcmjldemew[ &fn06fhet embodiment of
enbodi nent, for exanmp

is s ted to
2 el oki TPyt aghAl0- tiﬁléhwéala@l@ GroFiop ﬁﬁcf_oms gpcess 120, below
wiOh a3 i picheel, Cohdttte spibld | B B0 IeRNo oo antenna
112 on {HE mndemsemrmuaﬂ deRtop 316.8Iictis, examiple, aBteRS EIP and

and 2.75" C ctively. This particular )
copdicsie |S}élﬁ1df o e %@ﬁlﬁéagaqugmm@nr@% ﬂé d the conductive
sh{FRPEl s By el RBUAR, FRIIDIEL in PRfs 7 B bn theferliRAP
coimmvatichtian donelt ineemdihdi exabodiorst, tdeskeoyt 1 Ftedoes @ot/form recess 120, and

antennae 60 w suf nt strength to achieve RFID
m@@ﬁﬂﬁh@@%?‘&ﬁe&?@%’ﬂ; %%0107 i s anot her side view

[Oﬁfg SP&ul %ﬁlbgﬂ B tht Hﬁ/%ﬁt?&ﬂ e bB& AdsBlivkd hﬁﬁt’sé‘gnd other
ects of a con uctlve shiel'd. In particular
emHodirséntsbre svithin 8sdcopmof the &dlomn@glamns c field 90
produced by antenna 94 and shaped by a conductive
shield, of which a left portion92A and a right portion
92B are depicted. As illustrated, the conductive
shield limts the
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extent to which electromagnetic field 90 outwardly
extends from antenna 94, thereby preventing
w0 p@dwgassent readi ng of RFID tags | ocated beyoPdI/Ukm®05/000439
hori zontal edges of a defined communi cati on zone.
[0052] FIG 8A is a perspective diagramillustrating a
side view of one enbodi nent of a check-in / check-out
ar eLEAEMS which an antenna 102 and conductive shield
104 are nmounted bel ow a surface 106. In this exanple,
antenna 102 and conductive shield 104 create an RFID
1.t ag A eadivl frequency identfieaticn {RFDOY systour Eaneisif. Surface
106 may include visual indicia,i i fying the edges
of (ARG LATIS A %ﬁemagﬁetwﬁg %Péﬁﬂ@rr,%ﬂwﬂaa SHRFID tags,
L.el f |4 eanj ng of RFID tags
Wﬁélgg%aég%g h%ggg%%st%rgﬂ%galhﬁggr%b%m cation zone
107.a ubsBatjallyl@ntig@®ussoadyprivs ghietd nositmned amumd the antenna and
jLIusﬁratiqgﬁg shde vi ew of anot her enbodi nent of a
withia @iplqng PRralRLodhe aRiemas  110. In this exanpl e,
desktop 116 forns a recess 120, bel ow which ant enna

112 is nmounted. Conductive shield 114 is nounted to
2. sur rteRFIBgystenwoficdam brwhdnein tlenconduesssestichbshapenthef

desktop 116..1n thi xanpl.e,. antenna 112 and
cIE AR L ey PR ARG in e e iitan e dhs apvenne.
and PRE/ehik the ABArdnEnEROHUGLRNUE fiS SUBRIBMAIN Sver the conductive
I hadvertent reading of RFID tags in areas 118 beyond
shiehde defi ned communi cation zone. In another enbodi nent,
desktop 116 does not formrecess 120, and antenna 112
is nounted bel ow t he desktop. [0054] Vari ous
3. emb oIS yafent Hc1AiRY BRVARE N HidV@naeaivedaRId dtptises planar
These and other enbodinents are within the scope of i
condhectifve r¢ gonsragicatediteriorar annsshigldedinngregicng aediEnthpr wherein the

Cdenti fi : . ol o
anl R 5 <GmEd RubiToe PSRBT LSBT Beir B efflo T B PP
confiddtivRddibisags, wherein the antenna has a

substantially planar form and a
substanti al | y-conti guous conductive shield positioned

ar ound ant en and, wi;t hi.n | ane. paral |l e
1.3 LD SRS ANES YADER % PRSI AL et M o
di&ORALEE bicY Ehat Piebals Sioqmduéthe shlebCirbpnBghiagiaclddedlconditive loop
extend substantially in a direction perpendicular to

arqund thearipmng,

5. The RFID system of claim 3, wherein the antenna comprises one or more
conductive loops including an outer loop, and the conductive regions of the conductive
shield are located at least a distance D from an outer loop of the antenna that is selected

based on a radius of the outer loop.

6. The RFID system of claim 3, wherein the antenna has a first conductive loop
having a radius D1 and a concentric second conductive loop having a radius D2, and the
conductive regions of the conductive shield are located at least a distance D3 from the

outer loop, and wherein D3 is selected as approximately the average of D1 and D2.
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and prevents the el ectromagnetic field fromform ng

substantially over the conductive shield. 3. The RFID
waeywsesasead cl aim 1, wherein the conductive shiBCTUS2005/000439

conpri ses planar conductive regions oriented to forma

non-shi el ded i nner region, and further wherein the

antenna i s disposed within the non-shiel ded inner .

region and parallel to the planar conductive regions.

7 4 R AL B R e

respe@KRAVRItHsh tenaihgwitwarg fedmh eHethnten@) #nd Fivitng vhesdif Si@0widths are
conductive | oop around the antenna 5. The RFID system

selggted bajedhag leagitip pait An erbreghnld Mys! eldhp magegicdirdd apceseare for RFID
cof BHEHY BetvRRR Tnd Afertdfl NI iR R Y BE, | 0OP, and  he

rve regrons o e con € shield are
| ocated at | east a distance D froman outer |oop of
t he ant enna that i?,selected based on a radi us of the
&

8. out direiRgdp systemmefeclaigm b viipegin theoidihsarasetecigghierastqndisylficiently
. . 3 . . .

in 3L ARRE Rl it S SRS G St 00RO NIl dashtefluc s
fromaftirosngdid, orabdve the camhmitivt reginnseniibiths sténgdthef the magnetic field

onductive shield are | ocated at |east a distance D3
Ie “rcﬁéiﬁotct}? V&Eheérton?%%‘fa%é’ﬁdﬁﬁﬁﬂ&?%i n D3 is selected as
approximately the average of D and D2.7. The RFID

system of claim3, wherein each of the conductive
9. r egiThe REIBwy steasgfettinvi wiedtih theentemnd iand) thewonduwdadive shield are

B P SN BRDSHEeA HASTTD Hark bl Rk RVLERSI O | cvel

of the magnetic field necessary for RFID conmmunication
between the antenna and the RFID tags. 8. The RFID
10sy s tIdmRHIDcdysiem of ,clained, evherdih thewatking sarfecesiedseatests¢doarea and

a n%ﬁ%r&%%&esd%{r%qlﬂ%ﬁ E&rh%f Igﬁﬁ%[u{ (é‘::gip’%\tr}geh {éa}{lﬁ.gllteeci tottﬁe ?e%gssed area of the
wo?ki%g ShARARAHAE cddBbithd sheutd {SAhFhRE INhOhoRRR¥Esel Afka,
conductive regions until the strength of the nmagnetic

field reduces to bel ow the conmuni cation threshold. 9.

Th F t laim.1, . in th
11 he 156 RRIDS vEmtiok e canpuy® Bl G T Prlgan e co-
plﬁgr.an RFI D check-in / check-out area. 10. The RFID

system of claim9, wherein the working surface has a
recessed area and

12.  The RFID system of claim 1, wherein the conductive shield and the antenna are

located in two different parallel planes.

13.  The RFID system of claim 1, further comprising:
an RFID interrogation device coupled to the antenna, wherein the interrogation
device interrogates the RFID tags to obtain information regarding associated articles; and
a computing device to process the information retrieved from the RFID

interrogation device.

14.  The RFID system of claim 1, wherein the antenna comprises a plurality of

conductive loops to produce the electromagnetic field, and wherein the conductive loops
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a non-recessed area, and further wherein the antenna
is mounted to the recessed area of the working surface
wa@pasokasiconducti ve shield is nmounted to the PCT/US2005/000439
non-recessed area. 11. The RFID system of claim 1,
wherei n the conductive shield and the antenna are
coplanar. 12. The RFID systemof claim1, wherein the
ar€padetipavieat $rised disanck Dhibatansedevted Based bwe dirschsian ¢fithe RFID
di fferen aral l el planes. 13. The RFID system of
tags) withyvhichiths pHema SOMSIYYTHE: an RFID interrogati on
devi ce coupled to the antenna, wherein the
interrogation device interrogates the RFID tags to

150bt dfhe RFDosystet ofclaisybd, dvhetein Sheshistancsd rselesieddo exgrgd a

a.co ting deyjc rocess the information
In?%?@%@ﬁﬁﬁ“%?%ﬂfhﬁgﬁgéﬁ S nterrogation device. 14. The
RFI D system of claim 1, wherein the antenna conprises

a plurality of conductive |oops to produce the _
16l eckhedtieheystetn of adaien 14 rveheviie the R ihiagtbavgacdimgasion of length

| oopsar.e. spaced apart at.l.east ' t '
MBeEEE eBEE D eoRe <aefun bR eyt BORRRR 7 B8l deored sueh
thay shvit he ant enna communi cates. 15. The RFID system of
claim 14, wherein the distance Dis selected to exceed
a maxi num di nension of the RFID tags. 16. The RFID
system of claim 14, wherein the RFID tags have a
di mension of length M and the di stance D between each

of the plurality of conductive |oops is selected such
that D> M

14



