WD 2004/ 049278 PCT/ US2003/ 031548 MUILTI - LOOP ANTENNA
FOR RADI O FREQUENCY | DENTI FI CATI ON [ 0001] This
weappldoast7gson clains priority from U S. Provi si e0&lus2003/031548
Application Serial No. 60/429,282, filed Novenber 25,
2002, the entire content of which is incorporated
herein by reference. TECHNI CAL FI ELD [0002] The
invention relates to the use of radio frequency
identification systens for docunent and file
managenent and, nore specifically to radio frequency
antennas for radio frequency identification systens.
BACKGROUND [0003] Radi o- Frequency Identification
( RMOLT1-200P ACENENNA PORRADIOIERE QUENCYIDENTIERCATION
every industry, including transportation,
manuf acturi ng, waste nmanagenent, postal tracking,
[000i] This dpplheptige clasme puptitydtan b).S ARrdvisiogabwvgplicetipn Serial No.

SRR N R 2o LR R R SL B R R 2880 erein
bglgéfg&ﬁee.The RFI D reader i ncl udes’ a transmtter that

may provide energy or information to the tags, and a
receiver to receive identity and other information

fromthe tags. The C%ﬁiﬁ%ﬁﬁﬁ rocesses the
€

i nformati on obtai ned by reader. In general,

[0002] Theibeién Rlutéeoehded of ralid filsgudnay sdensifisgiai sybtems dor
the particul ar application, but, _often praovides

dperapant pnd file mpnagswentrands waie wecificelly oradip dggapencyiapiegnas for

rm&,ﬁlawf%ylgﬁe& \}%glfs%%g.eq item a vehicle, an

ani nal o or virtually any other tangible
article. Additional data may al so be provided for the
article. The tag may be used during a manufacturing

process, for exanple, t@BACRKIGROYNDpaint col or of an
aut onobi | e chassis during nanufacturing or other

[M’f‘o%:l1 gagiﬁ@gﬁ%ﬁy ?{l;éntikigaqgﬂi] (RFIB) teLRN3HEy AR befothO Wil ised in

sl g e antenna to create an
vahedy coemdndisirg, ihtleding tthaspostatitn, esanuifestirags wasie nemagament,

an RF signal,.carrying the..infor i QN. WO .
DOU ARSI ST e ST O HsaT. RO P AT ypical
RIEDaYsteMGhéMEes RIAD thpdtan RIEDUERRT Afih@ e idiehnaDMVEA computing

sourCe, or a "passive" tag that is energized by the )
deviet.dThg RBOY jeaterainelpdesshiransaitierdkas snayquwoyle gpergy or information to

tl?er?ejljgsi, fahg b réc%iv%% {ovreecéibee idaeﬂttig/narﬂa owietr Ehtgrn@gﬂlfﬁotf ﬂle tags. The
computing device processes the information obtained by the RFID reader. In general, the
information received from the tags is specific to the particular application, but often
provides identification for an item to which the tag is fixed, which may be a manufactured
item, a vehicle, an animal or individual, or virtually any other tangible article. Additional
data 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 outputs RF signals through the antenna to create an

electromagnetic field that enables the tags to return an RF signal carrying the information.



out put signal. Once energi zed, the tags communi cate

using a pre-defined protocol, allowng the RFID
woearao27® recei ve information fromone or nor eCTAYS003/031548

The conputing device serves as an information

managenent system by receiving the information from

the RFID reader, apd performng . some action, such as
Agperaniig SEREEBAER BVEGIRANHGTRNIES ndptsyma] power soufte, or a
“ASHE 98 ol ReenERARU Yy lewi ce serves as a mechani sm

or programm ng data” into the tags via the )
[0003NEhs trarsmittSuhakeRse $ooBhplifier ged@yeatbe antsans with ptpesiplated

relates.tQ a multi-lgop antenna.f
o e Pt Hertad o
all¥@RE el RAID RAder 16 Lecive §AFAAN AR 86m ohe br nR¥eEps. €The computing

enbedded within a "snmart storage area" of an RFID
deyyest serves As aplB¥eImAsion NhanageBentisystem by re¢riying thegptpgmation from the

REI[J% g%lggr? Xlg? é%foggna%sﬁ)e eY\ACC‘ﬁpP’e laé Ias gﬁcgﬁﬂg:atg%&%ﬁ& &r%ounding an

alhifith €T AEAIdnQ theGaRMAtihg HyvitOseaved ds A, méchasikinfgr programming data
_locating docunents or files within the system The
ingrihp tagstved e deensiicBapabi ity of smart storage areas

may read RFID tags associated with the, itens stored

in the respective storage areas. Exanples of smart

storage areas include a sSEMMARYInit, a cabinet, a

vertical file separator, a smart cart, a desktop
[00B8T B gerPfal, ah$ inVbhtidn leREttb @inulti Q68 dntEiHaget %Bﬂﬁ(ing)ﬁn

t he rm%tl.-l_oop antenna may be used in_many RFID
clagipirnagaetio fisld fostadio-fiequeney ilgniificasionr dhe aplearamay pe, for

whi ch t . arj ent er pendi e o
Ypdn AR & SRS aR LB T 0D hBichl s dsseribedin
déthil,i tBe Sasit kdklge atdds eigdiceqappbdivid multi-lebeaitenrmgmpioiace

field as passible in a direction perpendicular_ to ag¥ )
elrptranagngc AsldscangiRIdD pferiosatiaansapap iRy 19 IhE tgacknggad locating
AR A TPy B¢ RO R Dap b Pehndftorage
aeabmdiy pedtREIPr taguassociatgd etithehd, iterhsistotedan theagspective storage areas.

N AT T
a RRGEICOR, DleskidP rbddel o A8ahilAN0¢ERBHON, and in a

direction perpendicular to the antenna. [0008] In one
(009D Birbedimants oftbe mwltetnopantenan magbeised wanrpi BB gpplications,

| it f | . .The.l . .
st it AP aghet e AR PRSIk B R e adb e
ahtBAsd. In@diddrié provRRatliile tdhahiohtbef it & de3atileto aeate as large an

substantial portion of an interrogation region 2 WO ,
elrgoanazngiv Seldzs/possiolo n @ dirget@n perpendicular to any RFID tags associated

with items within the storage areas, and within an “interrogation region” located in a plane

éaﬁég g?%-ggfm%ﬁ protocol,

above and parallel to the antenna. The embodiments produce magnetic fields that have
magnitudes that meet or exceed a minimum interrogation threshold needed to energize
tags for a substantial portion of the interrogation region, and in a direction perpendicular to
the antenna.

[0008] In one embodiment of the invention, an antenna comprises a plurality of loops.

The loops are oriented to produce an electromagnetic field having a magnitude of at least

an interrogation threshold of a tag for a substantial portion of an interrogation region
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| ocated in a plane parallel to the antenna. One or

nore of the | oops nay be selectively powered over an
wono@roaggat i on period, with the remaini ng | copBChEISHEY3/031548

parasitic |loops. The parasitic |oops receive power

Vi a nutual coupling with the powered Ioops causing

curr.ent ithin the parasitic

|
RN B8 rebEh S hF aReb SRS emiagi ke Bopy BRube sefpively

WeMADVEPAPR Lt B pRRI@ Hithithe 1RSI FB6p E%emg hleagltlc loops. The
over the |nterrogat|on period to subStantialfy reduce

aﬁlyltla leepsaecei veepawer e’k mytel enpling wath thhpcp\gerpd; oops causing current

TR PSR i ofer b QuRAR Bl PRols ofheprgpetic fiele
The fdh@én 1dap§ hitDthe BRrasitietl€spsaBat beovarRdlovetthe fllﬁérr@%@i@'ﬁ Ip8riod to
a first set of the | oops may be powered and RFI

substantiallx seduse anyherpa pEthe Anterragasion 19gips Whetsdhe agaijudseof the field
e Gl H

itetregution geripd, |f61es;<ampmé larfiilsﬂ %yoﬁlhe mps @ityreoh@efdisand RFID
formed i.n a compn within a single |ayer

cgRInifRfiAReRaY. e eru‘il%tecb OBkl pioris mgy btepgrted FEany cohingtion of
tﬁ@lﬁop@dl}nf%%ggg\qd&gwg ﬂ&?p&fl i he smart storage areas,

In a ase of a vertical file or
[00(]9[11 ilm aothé¢retnibodirhent aant amafrma mampnml ayderadityyofruonbentriofoops

concentric | oops, such 5, ..20, re

frgddn A commt %ne £SO l%ﬁ éﬁ’ﬁkelay“{rﬁ’ aPé‘H{eé‘rﬁ%’;fr“}r}rg’yafd The
pEiAfEALdiR it @omd%@l bd Yse@wilhPP8% Mh¥h&R sRPaRUEES, &P de@Pedded
i nner | oop nay powered over the interrogation

thhm @basea)f @ wette:al émrrWlﬂgn :] elmepé Hieeyaritenng amaysinelinde any number of

art out er and inn
ogReeBie 160, BRI dschar 0y 1o R ke e PP Bipmer R OB bxcifple, the
apRhhOfha§ u&hpﬁ&baet pluhgityragidbpdideviath kb Buiti ﬁld%n%ﬁér 1b&Emay be
interrogation period neets or ‘exceeds the-

PPYeEed oy gathe dHeHpgation prHOG fang theagniaglinglognh ey ke patasitic loops. In
I‘

BRIl bl ELIRARL B LR Mty bAFAEFEUARENE iPogaron

pariodsichnha ticompgnises ofithel fieldbvdryhoftdragptort parfodnedts or exceeds

AR Br eV SO RED of a5l bRVl paibr o Snfhieraggtion region

I@éggydtalbgp@%do&gxﬁ[e@goﬂhg%@nmay reside on a bottom | ayer.
One or nore parasitic |oops nmay reside within a | ayer

[e0hde anathes @mdlmranam@mh eoinptisasra plerpkty. oﬁh@stfhnmi in

ma used,.to f.arm r|nted IrCUIt board f
Ot LR SPtamedHEet i o Tl BaE ered oot iyt gn Beop laver,
aN@ Bv € MG EGHal bEwerdh todPB Yna9\ediliéen h Bollbh eSlet. O0ne or more pa.rasmc
perpendi cular to the printed-circuit board. [0011

- leapsmyresigb wethivenlayerdesyesndhe topripyer sad the bﬂtgndgzeerar éaa three
lgyg 1{1%? e, a{eﬁ% f Ianvai 819%6@-%128?1{ a?(g F(;reﬁg t{h L e storage areas.

ron tags;
The Goodpeaias Helidn-concentric, and may overlap in direction perpendicular to the

printed-circuit board.

[0011] In another embodiment, a system comprises a storage area to store items having
associated radio frequency identification tags, and a multi-loop antenna proximate the
storage area to produce an electromagnetic field. The system further comprises a radio

frequency identification reader coupled to the antenna to selectively power at least one of



storage area to produce an el ectromagnetic field. The
system further conprises a radio frequency
woOdentu$27g at i on reader coupled to the antenna POT/US2003/031548
sel ectively power at |east one of 3 WD 2004/049278

PCT/ US2003/ 031548 the | oops of the antenna w thout

power i the remgining | oops.to conmuni cate with the .
thedems 1159 LS PRYEULE B TR EeRPS 47 CPngnIcais with the
St SyRRAifiBhon ke i nvention is directed to a
rrret%%g{egonpr' 3 "

Ising selectively powering at | east one

[0032pIro4 fuatheuémbedivept, thetievendioniis disestediowenéthed e¢reprising

remai ni ng |.oops. t roduce. an el.ectromagnetic field
scloooy PhieRogpe 4 lend) ot oo o4 T RGP AR R i ks gaveiine the
rdd@dihiRs 1oops fo pRRAE A EedtFin@iiBlid AEl1d PebiRgteltbQ storage area during an
interrogation period fromone or nore radio frequency
intefeagatipn periodo And glbfeiningdaormstipn dwrngihe iRtarregatios perag Erom one

area. [0Ql13] Al t.ho .he. var.i . :
oPpEEum S OB T SR OL B FRREPRadte HDfigg oo
(0038} extho@dh the vesSowrasgestsiofiheé presént hntdntion hell iapysdnbe described in

may be used in tracking other  itens including books,

thyicmisxt effelss oofrcuantsyr bebe Higdavensiap anaydie ysed & tracking other

. v oi 1CO, ; ( S .

ChE R Bl LS oSO, D S A 030 B s

c?r[tei@élfsj @ﬁjth% agsthtd, aslagprdprise, avhetlier er nattdavle ofhpbe iteanhs ion.
0014] T etails of one or_nore enbodi nents of the

Sli’er%ftﬂﬁily Sﬂfaélr‘é{t sgfn pigragivedPPHEtio3e conpanyi ng dr awi ngs

[(gﬁg] trhe adgas ot Rl '?rtli}g Ieﬁl\ﬂodigea%rofftﬁ@fn‘%%ﬁfon R£058F5:8h in the

advant ages o e invention will be apparent from

atdoenpdeyiog dptwiogs anidhd dessripgen belaw. Qthenfeathwss.cibggons and
Rl EF . PTI ON OF "\ 00151, FIG. 1 i bl k
oQieaiesnot £F GSEPDs NG B PR FPByDeney-Pligherd i2afregnihd fom

tHeR¥rdiRk. system for docunent and file nmanagenent.
[0016] FIG 2 is a perspective diagramillustrating an
exanpl e orientation for an antenna of an RFID reader

relative to a tﬁﬁlﬁﬁ?ﬁ‘gﬁ&‘gﬁf@rmﬁ%ﬁ FRElg or file.

[0017] FIG 3 is'as agram of one exanpl e

: ' I af | ti -, . ant . [0018] FLG . 4A.
T o ek SR Fob %l
sPRAR8S fochinhidmd fRE AHsRG Y Sel ectively poweri ng
different [oops of the antenna of FIG 3. [0019] FIG

[eB6] $1G 2gs aphrspersive ididgean ilhtstatingan eragple ergratasfontfpean antenna of
arq%tréfdef re alltg/% S ];:1 tell:g! %socl}éot‘ed with a document or file.

[0017] FIG. 3 is a schematic diagrain of one exaﬁlple embodiment of a multi-loop
antenna. :

[0018] FIG. 4A is a graph that illustrates the magnitudes of example magnetic fields
produced by selectively powering different loops of the antenna of FIG. 3.

[0019] FIG. 4B is a graph that illustrates the magnitude of the magnetic fields of FIG. 4A
over an interrogation period during which the loops are selectively powered.

[0020] FIG. 4C is a three-dimensional graph that illustrates the magnitude achieved by
magnetic fields of FIG. 4A over an interrogation period.

[0021] FIG. 5 is a plan view of another exemplary multi-loop antenna.

[0022] FIG. 6 is an exploded view of the example antenna of FIG. 5.
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over an interrogation period during which the | oops

are selectively powered. [0020] FIG 4Cis a
woOhom@4gb78ensi onal graph that illustrates the pagmiskeedes1s4s

achieved by magnetic fields of FIG 4A over an

interrogation period. [0021] FIG 5 is a plan view of

xenpl ar, | ti-l .. [0022] FIG
(oRESEARE 75 St tw i arobri By BRI Fl G o
[002X¥CFRP BN 349245h BEHANRRAEE 2k ABuded A Ikakble mdgrefic feld

pl an vi ew of another exenplary nulti-Ioop antenna
pjodo4|byrhGmuixlocp atepnaphFiGat i || ustrates the

GERET T 5B R o ST BRPRC! e iy PSR Rlng antenna

of PiEeg- di nensi onal graph of the magnetic field created
by the antenna of FIG 7. DETAILED DESCRI PTI ON [ 0026]
FIG 1 is a block diagramillustrating a radio

frequency identifi CﬁfﬁLﬁb@&CWmlo for

docunent and fil e nanagerme SpIte sone interest in

C ing offices taq. paperless,.environnments.in. wi
R o M SB35 e SRS B iRy
Y80S 1 @ At BbuhBASAI40E HIR M ehen? DEIPR8 koMb idtBEMSh Cofverting offices
continue to rely heavily on paper ™ docunents. Exanples

ta papedcts ehuwmidntcimsyhigo payen deermengeare icegrelyareglaced by electronic

facilities for storin busi. nes crimnal, —and .

vireiine 8l Pt imen ik Smbe R iRes onbLRT sy on paper
A5Gk, Hxampi¥Bhdludd RASEcE, 8avernrhént aBerbies, i ABIl®IRS For storing
shel f 12A, & cabinet 12B, a vertical file separator

bush@ss.risnialt andamedigal pecagdsd eBeso flos azayeie prsitiongyd inga number of

«Simlar | N as_shown i . 1. £ R

S e e T R

- sépatdtorl2€, hegatticans 2, b desktopreadsrg2El a4 sinlar Reatd@p as sitbwn in
toin asingle file room For exanple, a smart storage
12 may be associated wth a particular |ocation,

[§029) in ﬁ%g?ﬁ%&,{sgﬁéiﬁﬁg%%ﬁg@% fil%lz Rgpﬁ/ovﬁtﬁédfa% fRAitR€1dcBtions within

onsi ‘ ) ed” ves. As also
anlepanizbiéch, bebppused trainta sisglofikgeonr: das eddnplod sindyestorage area 12

| ocat ed near individual offices or,other areas . for
SRS WG PR 1B 6 8- doRBrAHE ST ths 1Y be
rFERQMRIr REndi T8 toPbTIRHRAREEHAPKS © AsUsoch@iNed beRw, smart
enable files to be tracked not only when they are

stovagataesds il A cauld datlocatediieprindbidyal bificeapsethofmsenstingdpr example, a
hgsrp?tai <())rcc21‘11n1ecc,j a?atlw %'rr%} gr{ gc%%&rﬁinlg%r%{, iaoorlr]gkerage house, or a bank, to enable
files to be tracked not only when they are located in a central file room, but also when they
are located at distributed locations.

[0028] The term “smart storage area” is used generally to refer to a storage area for a
document or other item that is equipped with RFID interrogation capability to aid in
tracking and locating documents or files within system 10. In particular, the RFID
interrogation capability of smart storage areas 12 may read RFID tags associated with the
items stored in the respective storage areas. In other words, RFID tags may be associated
with or applied to items of interest. The tag may even be embedded within the item or the
packaging of the item so that the tag is at least substantially imperceptible, which can help

to prevent detection and tampering. Thus it would be possible to “source-mark” items
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[0028] The term "smart storage area" is used generally

to refer to a storage area for a docunent or other
woORemnoudoag i s equi pped with RFID interrogati onPCT/US2003/031548

capability to aid in tracking and | ocating docunents

or files within system 10. In particular, the RFID

ter ation ca abil.it mar t storaeare may .
et TP el A0 ESterne o RGO REE e O uhgn g b REIP fa T hn item
atse ft@ﬁxﬂﬁ&tﬁéﬁiﬁe ad @Etﬁgqlléfcﬁéér dédhnféinf) Dol de 1k D
tags may be associated with or applledt0|terrs of

[0020& REZD taghhos 1abely araynade by Vb@OIQrm@IMMUWSt iclndingslexaem

Rlopi s R EPRP Far g i B AR bk eI fr e i

cOhBMaién B8RS iddiied Al RFIDREShEH) and B ghétioMeohick %/bﬂtment An
EOSSI ble to "source-mark" itens 5 WD 2004/ 0492

tagSyowaily Srhyies awrtt%r@tﬁd RFFEE Wih 2 csiiein ampuphefapemery.
IRI%If thﬁc%gm maﬂf)? t@% tef cé}%]?ﬁquyﬁ#alaloh %(? tl‘1t g e? rénh biher portion

ure as w

oﬂ%iﬂhﬁiﬁy besel to storet ddditionkleinfdr@asy toRhe Bigt dAd. integrated circuit is
| abel s are nade by various manufacturers, including
opiRtheely FWP@M%WFNB&W%CW&? engRgletromfesource and also

bgﬁé Q@?st 133 @ner g% J%hrann%gfe %vnq];ll}{%:%@ *t ﬁ'sgthﬁssba%kséfagered RF

| nat’i on es an el enent an
emgyl eiax pros'eiea nistgnakthetmeay be feeivRFbpat agerrggataratdmymonly referred

i ncludes an. inte ted circ th .a. certai
(S SOy A THE RGN BTSSR L 0 R RIRIoERCT ol EQUFID tag, and
t&%[érﬁ%h'v&ﬁla{ﬂ?stésg&ﬂtedthe tag, and another portion

whi ch nay be used to store additional infornation

[Q(EOi REID aystemi qpnta@@r\mtlenl adiequericy rasge @it ele¢tyapnagnetic

SBONPE N d 3 AR08 ab o9 SR AL PR wich i

ofteh hsddTermdustribln Sm@ﬁﬁﬂc iutd Medichii BSMaepsitationy. ebwiver, other.
energy that provides a suI:;naI that may be received by
1

frgAugngics maydwtused for dHBrAPpligaiioas.raad the mverfion ip aelgerlimited.
T 8 G0 Y hoSp  AH TE  hric
pasidog indb@thtioh @@ﬂ&] trdckin@ syysineldh thik ppeded £cennial ditastare, e.g.,
SIS 1 LSRR, SRS B, o
%re% %ollﬁ# ghééﬁﬂgﬁfbn 1§for 5&@1{‘ Fi&ecgaci&f :yE‘tgh'lsf4r1'n§‘§1 be networked or

Medi ca appl i ¢ati ons. However,
~ ottehweise coupletivene mmmyoxbputas ed tifap indRAH s piptarions Jooatsqns can
and aQe inventi.on is not so limted. [00311, The RFID
apete ?%bﬁ?tbvr%og}os?ét%ér pads of smart storage areas 12

[OO3YNERIIEAISR anBAghlebAibn dTftRE PRt ANinERmbatibie nat ®6 KikéTal for a number
system 14 that provides a central data store, e.g.,

Oﬁ\mlmpwm ﬁer oranple. @ uien mbp et thedopasioatal arparticular Alsese group of
itome as%eg% a fite) osrtaegrpo po Dﬁaw%)ks {’Cfe tracking system 14 may retrieve the file

location information from the data store, and report to the user the last location at which
the items were located within one of the storage areas. Optionally, the system can re-poll
or otherwise re-acquire the current location of the item to verify that the item is in the
location indicated in the database.

[0033] As another example, file-tracking system 14 may notify a user when an item is

placed at a certain location and is ready for use. For example, an attorney may be notified



aggregation of the position information. File tracking

system 14 may be networked or otherw se coupled to
wone4mmIater e conputers so that individuals at rariusu®3/031548

| ocati ons can access data relative to those itens.

[0032] Collection and aggregation of the position

i nformati on nmay be usef ul nb .
thetz fll@)ééFFﬁ‘ﬂ@ forarewgfran%@ce.n@& L6 fH1ES Pescesh SRETS: fle
trR&irld ﬁ}é ?1¥ lét)&ﬁgéé BE a 19:%190 al #ilc§ S®redSH €BuRSodtnd bl @uftthouses,

a group etra Ing system 14 may retrieve
artdhisedl bly eoutt permonneh suahfas judges oﬂterkmndtheelﬂ@atSamslady,ef patient files

oif B et G sb Lo 4 eSO i i) e Bgufe) iapl frough a
céﬁﬁidr@élé‘ﬁﬂo‘he ot BPaSf b £ARIlY BraP@k Ifile Gind PefRPYMIRSerson to whom

re-acquire the current location of the itemto verify
theHide redtes)iis wady forirevietie | ocatl on indicated in the

e R ——
céh eSebardad bpaind tk&mr@fb@sfeﬁl Imq)artfdfra hisery dfahe loxatigal o that item.

an attorney may be notified 6 WO 2004/049278
'Npethyspeoanoile domited: qiag ceataim shelfjog oﬂ@aat;@r% AOGagign.cRp whigh a

n{ ; Eér!styn Rl &‘?ecﬂﬁa WHR, § grdbftfe%ntqﬁ stHR f(ﬁJH{l X?nt{nh 1§ a large

acking sys coul e applied to ega
gidup o€ dildsperhays) avaoing warrk dpuny pdsmons within agrdupl sedrglamzatlon
Seolrigpertentel eeeh gy Lidece) Eeths end dhe Lk, e
t}%g?%r%?}g 15 ﬁ%enéalmﬂg E&[ﬁ‘h hQﬁs‘g{1§§1§ FiRRbr eﬁpﬂ’lell%ers of a group is not

per haps t ['ular tel ephone or
spradertp aoyorley e- mai | ) that the file (and perhaps the

QG55 addust SR intoiplon ol liel PP ERLI O L ob ey

u trhél&ﬂ:‘é 6N aWRild, ichdle tittetih §Fodesses, ettty TdRe BE nioes fedpRiwho work
f71e tracki ng system 14 as Eart of a history of t he

by
© withahbe filss, aid efficiendytadiihe preese. Thistinfpriatiqragan afso mowde a type of
lolgﬁﬁ%aéﬁ?rg%ﬁg iBns H 0&1‘1&9.10%'?? l'n 1n92{1nf9cf \;}ﬁﬁjtnstg@ d’fg)?ar«l:

Cer aln person 1s ex
[0036] Bacibf the sad sﬁ)frz%rew@ts ﬂamy@mlaOmnajg)eaeqlumpgé W1th one or more

: avﬁriglijﬁg rfglfatnga:nlgyzgtngﬁp t%é Elgegftz) fgitmﬁlélfqte?r%givl\% galc ifx él‘?%q.rg fﬂclalg;g at each of
tﬁgl'eyr?orﬁ Jir@bsn P%@%%sémﬁ‘l@vérfé "?n&rg 'éﬁt@hﬁlasfa\'t;\e}]gc}sﬁt?d'neé wafhid @ﬂ)éﬂl shelve

ecificto person eas a general
- 12Alte creatzﬂ'anmbemnongtgaétic fiald fm" cbnnmailctatmg whidrthe BFIIA tags @sgociated
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positioned in various ways, such as on top or bottom of each shelf, at the back of the
shelves, or supported vertically, interspersed among the files. The antennas can be
retrofitted to existing shelves or built into a shelf and purchased as a unit.
[0037] Each smart storage area 12 may include an antenna control system to energize the
antennas to interrogate, or poll, the RFID tags. If polling is performed continuously, a
controller within the antenna control system may include a circuit for multiplexing signals

through multiple antennas sequentially. The antenna control system may cause the

antennas to interrogate portions of the smart storage area 12 in a predetermined order. The
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[0039] FIG 2 is a perspective diagram illustrating an example orientation for an antenna
20 of an RFID reader relative to a tag 22 associated with an item located within one of
smart storage areas 12. In many RFID applications, such as the smart storage areas 12 of

RFID system 10, it is often advantageous to create as large an electromagnetic field as
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12 utilizes one or more multi-loop antennas capable of producing a magnetic field that
meets or exceeds an interrogation threshold for energizing tags throughout the smart
storage area.

[0042] FIG. 3 is a schematic diagram of one example embodiment of a multi-loop antenna
30. In particular, antenna 30 is capable of producing an electromagnetic field in which a

magnitude of the field meets or exceeds a minimum interrogation threshold in a direction
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- along a dimension of antenna 30, e.g., the X direction in FIG. 3. Further, the powered

loops and parasitic loops of antenna 30 may be varied during the interrogation period to
form a field having a magnitude that meets or exceeds the interrogation threshold for a

substantial portion of the interrogation region in a direction perpendicular to an orientation

of tags within the interrogation region.
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[ﬁﬁgb’] 00RO 4RAB thak ARAGAted ﬂleQﬁ‘@gnﬁH@@Qf dafiple ﬁﬁér?eﬁ@ Felds 40, 42
may include any nunber of |oops, such as three,
formed by selecting different driven and parasitic loops of antenna 30 (FIG 3).

Specifically, FIG. 4A illustrates the magnitude of an X-directed magnetic field sweeping
along the X direction of a smart storage area 12 with Y and Z distances held constant. In
this example, the magnitude of the magnetic field strength was measured using a Hewlett
Packard model HP11941A close-field probe, which has an antenna factor, at the measured
frequency of 10 MHz equal to 39 dB (uA/m/uV).

[0051] In the illustrated example, an outer loop 32 (FIG. 3) and an inner loop 34 of

antenna 30 are powered at different times during the interrogation interval to produce
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have a width of 0.1 inches, or 0.08 inches, or less at threshold 45. In this manner, antenna
30 may be utilized to more accurately detect and communicate with tags associated with
items within a smart storage area 12.

[0054] FIG. 4C is a graph that provides a three-dimensional view of the magnitude of the
magnetic field 44 of FIG. 4B. As illustrated by FIG. 4C, field 44 is generally formed in an

interrogation region above antennae 30, and exceeds threshold 45 for a substantial portion
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‘ nmlgnlﬂmdba)fftheefldd4érnh1av béigwahe imeodatide ttovshiold theoughout the.

i nterrogation period that exceeds a threshold
IntEeFfigR 8EH¥h magni t ude, such as 115 dBuA/m to

(9081 8178 0519, il 0k A bR povrdops 2

phnasidic ﬂcagnaﬁﬂonducesga owrrex @vparasitielvogs 39 andsan tuen.camphgetibyield )
sel e differ and itic os.f
oS G o) Eo R BBl B e bY BRasBg loqpn 4 forther -
+ ehiinesat ﬂlaﬂgﬂétﬁfﬁ&@ At iefk INBANER thdend@etiGAM cfHi¥d B0 . ‘

99% or nore of the area of the interrogation region
‘cpmbigaden elpaviiclorpeddionbar to an orientation of ‘a

[6(%9;1 ht%ﬁg{‘th@&? rgx%‘?{eEc‘%ﬁ)%El LOPIC %glhglﬂld%f w8 E524-52D and

Ion region an

phesipe hebps ISHAFSAICDreaiahngf drethia@tlhyeds, @htehhe50 8@y iddwlethnd4umber of
exhihits a single dip 46 in which the nmagni tude falls
PRWPISH/ e80s Rg1 2 yartaﬁlﬁléémscﬂzrs&dlpswa@ay nmrnhert qfjrgspective layers.

: Aﬁlgc?lgg{%’@ ’rmed;" a@go%alvﬁfiggv?%e:dé% VXgH E)raﬁgﬁfallg?p% 4 aa?lrﬂ@edvlﬁraynumber
ohwaaps, moldinhhofinda poition toépowemed (Doc@us 52 mesmaag onthe saa® laljzer as
pg.rrz]igltelg ooolpg Sﬁs Furtﬂert Bcl)vgergg por(])(f)g 52 ?url]é parasmc loops 54 may be constructed in
shapes other than the shapes illustrated in FIG. 5.

- [0058] Antenna 50 may be constructed, for example, on a multi-layer printed circuit board
using any of a number of fabrication techniques including chemical vapor deposition,
sputtering, etching, photolithography, masking, and the like. Alternatively, printing

techniques may be used to deposit conductive traces on dielectric layers of the printed

circuit board.
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30 may be utilized to nore accurately detect and

communi cate with tags associated with itenms within a
wene404$278r age area 12. [0054] FIG 4C is a graphushas/o31s548

provi des a three-di nensi onal view of the magnitude of

the magnetic field 44 of FIG 4B. As illustrated by

UL G uispieeplogea bt cank SN ALEIGG- Anfeesibedbtheve, ntenna

A2 S B S0 o S 8, 45 o

prietgd eircuit bodrthi EaperHiopl @mpFse pavered lagps f2A@sd OAB, layer 56B
magni tude of .field 4 neasured_ji,n an_.interrogati on

PR P b AR P e 6C So D bB R er o y2C and

seppl an vi ew of .anot her exenplary nulti-Ioop antenna

50. Miulti-loop antenna 50 includes multiple |oops
[0089] disrslgsasibediabeveplayetsaipanay bawrangpd in sayerahdifferent fashions. For

OSSRy P 00T B AR AR S P B ot

‘aRBniLPAE hyE J6ayRabottbmilayes! Fafher9bndaviisiedayepopay b2A
~and 52B reside on a top_  layer and a_second set of
inderapareed hebuens YO AaErsID Favdrerbloghs a2 pest pBasiiGlpeps 54 may also

oS TR 3, 5B T e oty
. deseloeps S epdy fezadityldops S4loeatcombinatidh iof parasitit foops 54 and driven

power source, such as a current source, in order to
Iopgate a magnetic field. Wien only dne of the sets of

[GUBHFERE. 1 goag%a%e@r& apg{hw&&@e&fftrﬂﬁagﬁéoﬂméﬁ% 68t Mhilti-loop -

set "act as parasitic |oops. e ‘exenpl ary
aptetEndhingideofmukipl: 108ps peidergeeh mobipée BPera0dAgRBaE Tdyes 627).

oops 54 are arranged such that the magnetic fields (
MRS aiEHRy. HE (aope Pt BLen o SrEatar ops indIfaing atleastone.
- poRERANQGA4 AN 4 Athed ofR&aitiE M ps iR eHahtitie Maghliedd dahé field
remai ns bel ow the interrogation threshold throughout

agriees the inferspgatign region peavie adtenpo6G 6layes 08B dpadedesiaggditional parasitic
GBS LIS a9 TR B RO e B0 T may

cbpfise Ddis@BR, trdcs, Wik, dr othefragHtRtlive pdtle biltabistep cirddn dlow. In
with parasitic |oops 54. The magnetjc field created by
addiHign, e Or Mk Loops myay be prade dromh A swgles FRNUHGHETICE Of Maleg As one

kAL &As 14 'RfToldif fIREIORE b nlokPlefhes el BEcuit board. -

econ@%’nat |l é)%scl#@pomgr e oog)s gg dr oﬁsre m&g plk/?\%{tegoucglﬁ oare.

- [6062] Exveryiddodeé4 isi drven iwithFl awes source indegeptoweratda nagsic field.: -
2A-52D and_. parasjtic loops 54A-54C resjding on.three |

ThE GRS ogn L B0 b 117 R FALP AT RURGIA B PGS oS 66 of

14y2PEB 2%t Ahr RMERbbE © dnBARS tRAmh SRR SMarféhha BYED BEscribed

of respective |ayers.

above. The parasitic loops may be tuned to resonate at a frequency to allow maximum

current flow in each of the parasitic loops, which in turn creates the magnetic field

strength needed to produce a field that exceeds a minimum interrogation threshold for a " -

substantial portion of an interrogation plane parallel to antenna 60.

[0063] In the example illustrated in FIG. 7, a single loop, e.g., outer loop 64 of layer 62A,

may be powered such that the powered loop and the remaining parasitic loops generate a .

magnetic field that meets or exceeds the interrogation threshold in a direction

perpendicular to an orientation of tags within the interrogation region above antenna 60. .
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Antenna 50 may al so have powered | oops 52 and

parasitic | oops 54 arranged in a nunber of ways,
woned#od921g havi ng a portion of powered | oops 5BCT/US2003/031548

residing on the sane |ayer as parasitic |oops 54.

Furt her, powered | oops 52 and parasitic |oops 54 may

be constructed in shapes other than the shapes

T pibgs WpEiselpultipleogps BeedmehBespssapitepmeelast velyypo ered during an

iftORSdAidh E)@Hod {PAchfR Y Keo1d ONeferthd és!s,'th@&?xf)%cﬂfﬂeﬂf &FIG. 7 is for
circuit board wusing any of a nunber of fabrication

exeuplaiyeEosesn cind e gr sivenioopd mappe powepdselectovely or in combination

sput.terin t ¢hi ng, ., phot ol i t.hogra maski ng, and

1§ Roapeic g s A Porn YRk S gl qes rmy be

[0663Yl 112 Perd 8D Oy beCRRABE InVBIfEreRCRSNIOR. i lcR8hpleClal @6 S may be a
of the printed circtit board. 13 WD 2004/ 049278

tepday st o084 481teingiBay, 1EyeG626 hay bathe boltomdeaysriofantenna 60.

f.antenna 50.0f FIG .5, As described abov an a

R P ud Ry e o8 ek ST Sy B da B2

[0065] FIGr 8 &) afh tHeillBiees thefmanitndd ot £ehaghdtieUidld 70 created by
board. Layer 56A conprises_powered | oops 52A and 52B,

theaapiqnng 68 of EHapf.i BepartiadarsFiG. 8A isapgwoslimenyenal gragh that illustrates
: ' | Q , : ) 6
o NEE E L UIELAE. RENEIGH L AARES £ B3PR8 o
o8y Riopl64ds pbeeredt Akakhintiated; lobp64 ahd SeaBRinih@yRhsitkbPops of
and 56C may be interchanged such that |ayer 56C is a
apigpng gQ/féarmc?f field 1P baviag sanagnifudetpat msgaof gxcgedspn Grginple threshold

7o e AL U S oY 5y RS AR
6paF#si 8B o d thmesdiménsional gtapb thdy éllwstrates gedmbgnimde ef mdagnetic field .

Th Rk PREew RG] Vet B0 e RO Rhr asi 11 c_ | oops

[6066] OV arfous @HPLAR N bofGhe RAEARIH Aoffe hOGPEeseAbRN Aridkd ¥fother

| oops 52. [0061] FIG 7 is a plan view of another
capedipleatsyarerlithin the egopgof drerfalle@inghldimis- | oop - ant enna
60 includes nultiple |oops residing on nultiple |ayers
62A-62B ("l ayers 62" -). More particularly, |ayer 62A
includes a plurality of concentric |oops, including at
| east one. powered |oop 64 and a nunber of parasitic
| oops to enhance the magnitude of the field across
the interrogation regi on above antenna 60. Layer 62B

i ncludes additional parasitic |oops 66A-66B
("parasitic |loops' 66"). Each |oop of antenna 60,
parasitic or powered, may conprise a discrete
trace,wire, ~or other, conductive path suitable for
current flow In
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addition, one or nore | oops may be made from a single,
continuous trace or wire. As one exanple, the |oops
wory4meX7er ned from one or nore traces w thi n acprismiosd31548
circuit board. [0062] Powered loop 64 is driven with
a power source in order' to create a magnetic field:
The_ot her | oops of antenna 60, i.e., the other | oops
eér 62A and parasitic |oops 66 of |ayer 62B, act
as parasitic | oops to enhance the magnetic field of
antenna 60 as descri bed above. The parasitic | oops
Imay ben dnteach dompmmgrvqﬂeraﬁty of Ibomsqurentegd to praducowan electromagnetic

R« A o R et AR 37 b MRt
PRREALSE dnQniRHBEMER @%leh %eatefdhﬁta Rt GREFIePrd the hifefia.
interrogation threshold for . Substanti al

portl on of an interrogation pI ane parallel to antenna

063] In strat inElG .7 a

2 gl Ehe tsgnd gk et PR in g M e Sl aix 1 opdgpager and are
RRWRE 86 pfodabe thBdhaghbec RAMRLEHhhO@E nddpdithdiew tRifRhSinkGrogation
parasitic | oops generate a, magnetic field that meets
regiop xestss ckereds entleﬁgaftuo@ﬁhltehh@é Rbthe taging ¢irgcden peypendicular

r pendi an orientation of tags within the
tlggl?gr%?%atgéj %t:]th%gél on above antenna 60. 14 WO
2004/ 049278 PCT/ US2003/ 031548 I n ot her words,
mul tiple Ioops need not necessarily be sel ectlvel

owerﬁ“@ atpnna g glaim 2V BsrPiBgainsbbER Af Sie losPsR lf‘@%’dtlhé first
rin?éddﬁlrc'ﬁlﬁ\ﬁgﬁltdh%cﬁac‘%coﬁ@?ub%@@cﬁ%@ﬁ@é %fe £65inf3d i al secdfdprinted
exenplary purposes, and one or oops may “be
dhowi bea doeileeet ipallyl torthe first prilked atrcwohboard. pr oduce a
magnetic field wth the remaining parasitic |oops.
[ 0064] Layers 62 may be arranged in different
4. ashifpsndngh ofXaRbewhirdiahe ﬁ%@s ARYoRBedin at&ﬁanh@a/ﬁs/er ofa
of antenna 60. Alternatively, |ayer 62A may be the
fyitedoeirduiiyhoardof ant énna 60.  Further, one or nore
| ayers nmay be interspersed between Iayers 62A and 62B.
[0065] FIG BAis a graph that illustrates the
ragniThédRtedha of RGN ¢} Wherbined Wbdd of hERER Gwb Wf tHeh6ops are selectively
antenna 60 of FIG. 7. In particular; FIG 8Ais a two
ROMPEGTIVER AR IprEQEtion aeriqd toipshiexe the magnetiafigdi t ude of
the magnetic field along a dinmension, e.g., width, of
antenna 60 when outer loop 64 is pomered.
6As. | | Thesdntemhe of clamo b, WHeraindhé eps erhideianpagamapotversd loop and at
| oops of antenna 60 forma field 70 having a
lﬁ%géﬂ??%glttl%léppﬁeets or exceeds '‘an exanpl e threshol d
72 for energizing a tag for a substantial portion of
an interrogation regi on above antenna 60. FIG 8B ,is
A t hrBe-aiemeasf dash 1 gwherhbintthaentendalis tmbeddedtvnichin a base of a

e of .ma ic field 70 produced by antenna 60
‘(r}%g%i% cgrmfk%ﬁ%%’j%l s power ed.

8. The antenna of claim 1, wherein the loops comprise concentric loops.
9, The antenna of claim 7, wherein the antenna includes at least three concentric
loops.
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[ 0066] Various enbodi nents of the invention have been
descri bed. These and other enbodinents are within the

woecopd4ex7st he follow ng clainms. 15 WO 2004/ 049RZ8/US2003/031548
PCT/ US2003/ 031548 CLAIMS: 1. An antenna conprising a
plurality of Ioops oriented to produce an

{1 HIB PR B st c SRR BF S8 Pah B BHee dersL e cgncenti

18gpd i on of an interrogation region located in a plane
parallel to the antenna. 2. The antenna of claim1,
wherein the | oops are fornmed planar to one another and

re riented to prqdu netic fleld ch, t.hat
fhe oHlisFRra of et 1 FRGein{Pe FRE5 SomBrYS FRbrail REbASH toops
formexmaaatipld18ydro bes Pﬁﬂ@ﬂicﬁﬁuﬁ Bégghol d of the tag in a

di recti on perpendi cul a to an orientation of the tag.

3. The antenna of claim2, wherein a first subset of

e | fi i.rcuit
e, (PRARRS oL TR L Mo 05 oopPFUBRER Pl goygred oo
witlsie @aosl 1ayet, ohedr mordrpnwvdremmmwnhin%bc&tbnpam{ b&d ofiedor more
the first printed circuit board. 4. The antenna of

RAFA$itA 120PW6F1@| arfayes detvessp dheior 1yt aaditheoormdpyes

| ayer of a printed-circuit board. 5. The antenna of
claiml1l, wherein a subset of at |least two of the | oops

Br e sHiecmtdmnelo§ claj:mWewhekeiwthe ekotromb@retio giatd mrmmabj/ thd: antenna

to chi v c field. 6. The anten f C
e A B Q| BRRONE TPresgenE TR msy R sat i3 for at
]éﬂﬁS@%(ﬁhﬁ@&hmﬂﬁ%nB?H@%h&%ﬁa|OOD 7. The antenna of
claim1l, wherein the antenna is enbedded within a base

of a vertical file or within a shelf. 8. The antenna
n,the | oops rlse .C

oo Tegintepn O BRI 12 P BoreRER e B hnauf Befiathiday, s antenna

dx0€dds deBregiold ﬁﬁ%ﬁltﬁcﬁﬂ’ f@ﬁeﬂé@%l@ﬁ@tarﬂa@lo frea0esey idéntiPation tag for at
2004/ 049278 PCT/ US2003/ 031548 10. The antenna of

leash/ pfoof thihdimengion REtheteRAa i ncl udes at | east fifteen
concentric | 0oops.

15. The antenna of claim 1, wherein the electromagnetic field formed by the antenna
exceeds a threshold magnitude for energizing a radio frequency identification tag for at

least 90% of the dimension of the antenna.

16. A radio frequency identification system comprising:

a storage area to store items having associated radio frequency identification tags;

an antenna proximate the storage area to produce an electromagnetic field, wherein
the antenna has multiple loops; and

aradio frequency identification reader coupled to the antenna to selectively power
at least one of the loops of the antenna without powering the remaining loops to

communicate with the radio frequency identification tags.
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11. The antenna of claim 1, wherein the | oops conprise

a plurality of planar loops fornmed in nmultiple | ayers
wohom/opy27at ed-circuit board. 12. The ant enna oPCTIUBR0UB/031548

11, wherein the | oops conprise one or nore powered

loops wthin a top |ayer, one or nore powered | oops

Wi thin a bottom | ayer, and one or nore ., parasi

. ( . t1c .

17 oopdhgisytiem oA claimdp, whergidhe elsetrempgnesiy dieldpradyqed by the multi-

t [ . . ' i .
R R gt 13 R RO e et MIPE D g Byer a time
peho@shol d magni tude for energizing a radi o frequency
identification tag for at |east 50% of the di nension
of the antenna. 14. The antenna of claim1, wherein
ighe @ﬂéﬁ Shig Relihq 7l Wabdin @6 MRdniYdd SHendBk&RdiRagnetic field
exceeds threshol d magnitude fOr energizing a radio
niqetsopremcseds treniniekiogationohreshejd ffora sibstahtiagiortiGefeh infegogation

di.nensi on.of the antenna. 15. T, antenna of claiml1,
iR BeAe e alsf ROHETRds o &1 e RERRN by the
., antenna exceeds a threshold magnitude for energizing
a radio frequency identification tag for at |east 90%
18f t Hdhegiystemsif slnimfl6t whergin tha patentuapcontprisgsi pidedst epgipeivgred loop
ai?ep%%ﬁ%cationfg stem conprising: a storage area to
07 81 8 CBRE A %nhssociated radi o frequency
identification tags; an antenna proximate the storage
area to produce an el ectromagnetic field, wherein_ the
28nt erlhg shisiemaliclain| 16, whersir the ApteAns GRINRIISES eRfseniEiy loops.
identification reader coupled to the antenna to
sel ectively power at |east one of the |oops of the
24nt ernihe syéteinaficladnVis) ivhereinhhe aateanncongpriseofpeps formed in a common
omuni cate with the radio frequency identification
s. 17 WD 2004/ 049278 PCT/ US2003/ 031548 17. The
- system of claim 16, wherein the el ectromagnetic field
produced by the nulti- |oop antenna has magnitude that
28x c edlite systemmif etaimg#t wbereinhthe shiehuh afmprises topys faymed oa a single
1time Eerggd- 1€b Tge systemof claim 17, wherein the
WEG A £ BHBCGIEHL PRI et r onmgnetic field meets or
exceeds the interrogation threshold for a substantia
portion of an interrogation region |located in a plane
23ar alThelsystemidHsldimdids whereirribe anteaiiig embgddephwgithip dhesiprage area.
of claim 16, wherein the antenna conprises at | east
one powered | oop
24.  The system of claim 16, wherein the antenna comprises a plurality of planar loops

formed in multiple layers of a printed-circuit board.

25. - The system of claim 16, wherein the radio frequency identification reader
selectively powers at least two of the loops of the antenna at different times during an

" interrogation period.
26.  The system of claim 16, further comprising a file tracking system to receive the

information from the radio frequency identification reader and store the information within

a database.

18



and at | east one parasitic |oop. 20. The system of

claim 16, wherein the antenna conprises concentric
woaop4924. The system of claim 16, wherein thecamnsensas1s4s

conprises loops formed in a common plane. 22. The

system of claim 16, wherein the antenna conprises

| oops._.fornmed on.a singl | ayer. .of a printed-circuit !
Yoar 3!11@23.8@% %3}%&%3?18%6& PAPRYISIBE 2 HHBF18 CAMPHET SottpiiHg the file
R kRIFRGHER 0 Wrdsbiihd BEorRbRYUS s Hike useg4-  The system

of clfaim 16, "wherein the antenna conprises a plurality
of planar loops forned in nmultiple |ayers of a

i nt.ed-circuit board. .25. The systemof.claim1 .
or ol S HE AL 10 ety PSR e e et bidbylp one of a shelving
(R, gehiiNg! ¥ vaawa e 8dpalRGSh st cait, 4nae deaRIH r&idet.he
antenna at different 'tines during an interrogation

period. 26. The system of claim 16, further conprising

filg tracki systemto.recej he _info Lon__ ..
yom TG ORE AP MR R Pkt UL ifracio requency
igémifRatibetae s frerudes ioehtioM infdriatian datthdnsas witBinibk storage area.
2004/ 049278 PCT/ US2003/ 031548 27. The system of claim

26, further conprising a renote conputer coupled to

107, Py 10, Y 0 TR TR e LI L By
idbeifihnonggs mchaleianizhstd@s ofifildsead idoonremd. a shel vi ng

unit, a cabinet, a vertical file separator, a smart
cart, and a desktop reader. 29. The system of claim

36, vRershdy & risgfgor mation received fromthe radio
|

frequency identification tags includes |ocation
© i-nf orsetectively powetilgatileashsnaniobh iof a inhdti-doar angmna mathouggowering

The system of cl aim 16, erein the itens havin )
G R TnE et B OmasBreo FrSEPUmAL Srorage area during
dnialewdeatitdn pegat aine of files and docurments. 31. A

met hod conprising: selectively powering at |east one

| oop @taipinginformatinppluaingdhminteriagaben PYeWelr9n gne phaore radio

enmai nj.ng .} C. . iLc field
A ERRh AR FO05 s BB Te O FhRGhe SHPRRLR gt on
peri od; and obtaining information during the
i nterrogation perjiod fromone or npre radio .
32.  The'method of claim 31, wherein powering the multi-loop antenna includes
selectively powering two or more loops of the multi-loop antenna at different times during
the interrogation period to produce the electromagnetic field to have a magnitude of at
least an interrogation threshold of the tags for a substantial portion of an interrogation

region located in a plane parallel to the antenna.

33.  The method of claim 31, wherein powering the multi-loop antenna includes
powering one or more loops of the multi-loop antenna to produce the electromagnetic field
to have a magnitude that meets or exceeds the interrogation threshold of the tag in a

direction perpendicular to an orientation of the tag.

34.  The method of claim 31, further comprising storing the information from the radio

frequency identification tags within a database.
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frequency identification tags fixed to itens within
the storage area. 32. The nethod of claim 31, wherein
woauwerodsgst he nmul ti -1 oop antenna i ncludes sel eCcrivsedoy/031548
powering two or nore |oops of the nmulti-loop antenna
at different tinmes during the interrogation period to
produce t he eI ectrona netic field to have la {\{E n|tu e
39t atlhe meiad ofielaim FORPHHPSBISFRINgfth n from the
ol tial portlon of an interrogation reglon
{oé%tgé%ﬂ?% gé}pl ane parallel to the antenna. 33. The
nmet hod of cl ai m 31 wher ei n power i ng the mul ti-| oop

nt e gggl-? | u Wer | nglb g’ln?f{;g 18 L%gréﬁlg{his %Irlleergized radio

ffeﬁﬁér@ ﬂé?mﬁ@a/tfbﬂaé@ﬂeluﬂé@@otﬁlhﬁfg 158808 iMorBXEReds ittRe to which
terfogation threshold of the tag in a direction

threragiorfiiquencyridensifivation tags et fixed, atd futthen wigreigghe ifpras include one

im31 ur.t risin storlngthe
Oﬁ?{)\i‘snﬁff% C qnﬁelo?aéﬁci?glthﬂ ggﬁtgﬁ%g& entification
tags within a dat abase. 19 WO 2004/ 049278
PCT/ US2003/ 031548 35. The met hod of claim 31, further
3¢ onpihsimaghast efsdaim g vheeein Regrwitlpemanterta inglad est3 dpst one

: pggltexaed &4 zttnd $&Et r?é6 ar t}?c 1'3?{31 ha?lg ﬁ’gt’veﬁhg(ﬁ% @n-l\%}? E&Eﬁha further

al ni g I Nt ormna rom rglr z

chinpeiseanelectivtiy po\fvemeg the potvegd lodicloudese tletebdchionggnetic field and
| ocation information for itens to which,  the radi

inqueq aSHEGN' 1B Bt RS ]i°8P| Vtadagtualrfé)uph%wﬂ éli‘FdPQ"Kﬁr?‘gg’PP to
gﬁﬁfbﬁ{e%taq,ﬁ fﬂg%[rgl tgﬁ&& fd§ books, files and
cunent's ed wt | n

ocat e storage area. 37. The
met hod of claim 31, wherein the nulti-| oop antenna

3Sar oSS Sb TERLE b UERRGo HEN P BTN G S A e

C()H{phg&r conpri ses sel ectively powering the powered
| oOp to create the el ectromagnetic field and induce a
cur r gweting & fiestsabses of the loaps to eleaterm firsizilectiommgneies igld during a

e _power contr e to a profile of the
fgft’]t é’%ﬂ&%&ﬁ%ﬂ?‘%ﬁ)‘?&ag?‘apﬂ rf‘%e nmet hod of claim 31,
wher gjofve Qe kéddad st i 1dcpefo aahte Anacdndrdldteiomagnetic field

conpri ses: poweri ng‘ta first subset, of the loops to
C@Flé&ﬁéecoadmoﬁlﬁn f|the isragghel PYIad el d during a first

porti 1l tﬁer]:%n ﬂ)tuﬁroflfgptthls PpstREE L@dnd @fégtr&ﬁg\%{e'u@ Bieflis pfoduce an
second subset O S to create a secon
ebdcaotnagmagfeld havingh thagmtude over the interrogation period of at least an

interrogation threshold of a tag

39.  The method of claim 38, wherein the first and second portions of the interrogation

period are non-overlapping.

40.  The method of claim 38, wherein the first and second sets of the loops reside in a

common plane.

41.  The method of claim 38, wherein the first and second sets of the loops reside

within multiple layers.
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during a second portion of the interrogation period,

wherein the contributions of the first and second
wehentongmagneti ¢ fiel ds produce an el ect r omagReETiUS2003/031548

field having a magnitude over the interrogation period

of at least an interrogation threshold of a tag 39.
4%2 ret {Ir‘gﬁt:] gl%gp%zq{ zllq?r:r}gé??vg@l}étmqe%gaggt g (9% Itlgffeéec%rrz)?nasgggt?cn 1eld exceeds
o B o A L O R A P R gHGR at Lt
5¢%mfen igkaogatiod Tegidn bocaet wd pline phialleh t88he sienmai n t he

first and second sets of the |oops reside wthin

mul tiple layers. 20 WD 2004/ 049278 PCT/ US2003/ 031548
4%2. Theniidacs cofimt1aivieRih a MAShiRIde of tiiERdedtfontteneric £i€1@ exceeds

el ectromagnetic field exceeds "a threshol d nmagnitude
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