MULTI - LOOP ANTENNA FOR RADI O FREQUENCY | DENTI FI CATI ON  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 ldentification (RFID) technol ogy has becone w dely
used in virtually every industry, including transportation, ‘manufacturing,
wast e managenent, postal tracking, airline baggage reconciliation, and

hi ghway toll managenent. A typical RFID systemincludes RFID tags, an RFID
reader having an antenna, and a conputing device. The RFID reader includes

atransmtter that m rovid n i r i t a
ecerver o rechlUETTEHPANTRNA RO RanicibR kAR fRbvIiET c4RtoN
conputing device processes the information obtained. by the RFID reader. In
general, the information received fromthe tags is specific to the
particul ar application, but often provides identification for an itemto
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 al so be provided for the article.” The tag may be used during a
manuf acturing process, for exanple, to indicate a paint color of an

aut onobi | e chassis during mnmanufacturing or other useful information.
T10004] - The- transm tter-outputs- RFSTEMHNICAN BIEIDpt he -antenna to--create
an electromagnetic field that enables the tags to return an RF signal
carryi ng thd0Pf2loTheinivertion relapg R0be ngasfrIdioPrRuesA0dentdiiceson sysems for

conventional ,tag nma an "active" tag that.dngludes.ap i nternal power
cource. or ocifheBlingie naghietrand, R RLIAH HhERIS BrdRnEh BRlepRanr
transmtter OmlkRequeficyidedtificidnisysemst 0 drive the antenna with a nodul ated
out put signal. Once energized, the-tags comruni cate using a pre-defined

protocol, " allowing the RFID reader to receive information fromone or nore
tags. The conputing device serves as an information managenent system by
receiving the information fromthe MBACKGROENDand perfornm ng sone-action,
such as updating a-.database or sounding an - :

[0003] Radio-Frequency: Identification (RFm) technology has beco_rhe widely used in
virtually' every industry, including transportation, manufacturing, waste ;nanaéeinent,
poste;l tracking, airline baggage reconciliation, and highway toll management. A typical
RFID system includes RFID tags, an RFID reader having an antenna, and a computing
-device. The RFID reader includes a transmitter that may provide energy or information to’
the tags, and a receiver to receive identity and other information from the tags. The
bomputing 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
itern, 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 durin g
manufacfuring or other useful information.

{0004} The transmitteroutputs-RF signals throu g-h-thé-an—ten‘na to-create an

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



alarm In addition, the conputing device serves as a mechani smfor
programming data into the tags via the transmtter. SUVMARY [0006] In
general , twe wanwasbson relates to a nulti-1oop antenna facTRsRds0iRg an

el ectromagnetic field for radi o-frequency identification. The antenna may
be, for exanple, enbedded within a "smart storage area" of an RFID system
As described in detail, the smart sto(rg??ge areas may be equi pped with

mul ti - | oopA&pRenHaRAl {2g B Be &k actVEctag dhal dirdides apiinPmal POKE SRECH or 2

i nt errogatd Qp.: ] =1y .digacking and | ocating docunents or
files wt hip(r%gstlﬁézqs tsﬂta{ef%)ém%‘%leﬁb?gylsﬁ% %tlg'r rogation capability of smart storage
areas nay [i0065] Rid trisaditer astkos st efcinvaniphifich &, drivecthe asteomawith a nididelateks pect i ve
storage areas. . Exanples of smart storage areas.incl ug%sfa ahel ving unit, a
cabi net, aCWRHIEAl Proeens alP613ss g FICHIRE 2 Fegte O I fber, or a
simlar |g %Wiﬁ’(pfhe[ﬂﬁ@?&a@?@%ﬁ‘@gﬁrﬁoﬁﬁatfoﬂ%ﬂl)ﬁé of ABR AR e riflg used

i n many applications, such as the snart storage areas, in i ch tags
may be oridaviedepes peadinferiratioh manhgemeaint ystema by receovinethetinfopmationdieomehé abl e
conmuni cations, it is dq?_(s?i rable to create as |arge el ectromagnetic field

g n
as possi bl RFHNreades anclon mrsam%ﬁcem,épcwwﬁwga&%% RSAPHIZA  wi t h
itenms W thj h g -%@g,- i LA beAn5gs QY | ocat ed
ina pl aneéLl a 'o@eﬂﬁgﬁ%ﬁb%? gﬁ%gﬁmtl tkllég %ﬂ{egﬁﬁg.mé%ﬁéerﬁgéﬁﬁgo |rh§nts g% ggtace
magnet i ¢ fined tis tdgoaia thawensniiggni t udes that neet or exceed a m ni mum
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 enbodi nent ofsmg\genti on, an antenna conprises a
plurality of loops. The |oops are oriented to produce an el ectronmagnetic

field havi nitude .of at |east an interrogation threshold of a tag
for a supstnnft BERthh B Ruortion iR to BBulloorB8bA B R SR040278

PCT/ US2003¢]6ctedtBnetiOfiélll €6} radiodrdduaits iRaitd ch®bn.t Phd kel e, fdPne or nore
of the | oops may be selectively 'powered over an _interrogation period, with

t he remai nexagple epdedredrgthinp Asnart storagepeea” vhan REEP susteme Asslspaibedarei ve

power Vi a . upl.i i.Lh ower ed l.oops.causi urre to flow
withint he&%%irfzﬂsﬁ s?’?%%%%%%%é&n’?%ﬂg%g ‘{IP?%S‘?’%}]SH{%ZU fcﬁ)@ af)]?eg’f] % té)pg&}utcﬁe magneti c
field. electromagpetic fields, and RFID interrogation capability to aid in tracking and locating

documents or files within the system. The RFID interrogation capability of smart storage
areas may read RFID tags associated with the items stored in the respective storage areas.
Examples of smart storage areas include a shelving unit, a cabinet, a vertical file separator,
a smart cart, a desktop reader, or a similar location.

[0007] Embodiments of the multi-loop antenna may be used in many RFID applications,
such as the smart storage areas, in which tags may be oriented perpendicular to the
antenna. In order to provide reliable communications, it is desirable to create as large an
electromagnetic field as possible in a direction perpendicular to any RFID tags associated
with items within the storage areas, and within an “interrogation region” located in a plane
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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The driven | oops and the parasitic |oops nmay be varied over the
I nterrogation peri od to substantially reduce any area of the interrogation

regi on V\}herﬁ, gii tude of the field renmains bel ow t hedmisidaaais on
threshold t roughout the interrogation period. During the interrogation

period, for exanple, a first set of the |oops may be powered and RFID
communi cations may be initiated. This process nmay be repeated for an
conbi nati on lefsatedimeapl@nmgaréllﬁllt@gletam@nm}t ene eyEroef the lqops maydecdectvelanot her

o common pi ot T8l G4 S FRRRAL 08 BBl Yifl b Yo PhinRNGSR bl LRARF: oot R C

printed-cir dpu:isnhol@b xréBMv@powslesdaMu&ﬁul Bommgﬁifltﬁﬂﬁp@mf&i 1663 cagsn@ E@racht
e.g., enbedded wthin a base of a vertical file or within a shelf. The
antenna nmay Porflavaihiripe pursie losps, wesk eontribtes e profile af the mpgnetic figd. 15,

20, or more g ]?n&rev%hllbgp la%8ﬁf§e : pdr s1t§’é"ﬁ>o§§<%ﬁg\3§ vaﬁél?oYe?'fﬁe‘%H{%ﬁogﬁ}’on A

plurality of s A R C I nner red over

t he i nt errogaibstantidB iedite aai drdalie thecitirmighgor RElvH wikyre bﬁm@ghaadé bicthb fleps. I n
particular, the outer and inner |oop may be alternatively powered during the

i nt er r ogat i oifmagsbelny Sigdperpgationare theegghogt thFh’ételffP@t@nW@?dtPBrmg the
| nterrogat | Op{e?ﬁght?& &‘?%tds ?re ﬁl%eéjﬁrst LG¢ Eﬂétlgé%sorﬂgj Bé)ﬁo 9t a tag
an iofr.  foca e

for a substan por nterrogationr above and

parallel to ¢diemafit&ivne mdydRlifliated. IMQLfrocese ragderefateddor A1t @RMINAEORAL I SEs
a plurality of loops fornmed in respective |layers of a printed-circuit
board. Two pdedeaps dusepthedpigripgaiiaadesada top | ayer, and two addltlonal

pover ed !Oopﬁ)ngmrﬁ%{}%F?ﬁgocﬁn{%ﬁ{ taﬁ'a}lée domp g ?hlﬁ%h?tc)g?n&f&%h&m?o s00ps My

regi de wthi ayer between yer Bn ayer e three

| ayers may bﬁ;rms@ﬁld@rﬁmnﬂphne,rd ai @dhmlarsmglé ldyensfta privitedisiecudd idakd) Tiee of t he
storage areas. The | oops may be non-concentric, and may overlap in

direction pePrb‘gFfHF’éwl%ll?an‘?)H@M e used withig.one PE therSTlsierags yoas - g| ﬁmé?ﬁ@iqﬁier
enbodi ment , %ft?d% SPaErPérhéegSflléofmﬁﬁ%%hélfe%é Qnt%gﬁ’af fa ntfd%[ﬂa] hii@ber of

associ at ed ra requency tdentification-tags ant enna

proxi mate t heoncsrttnc bgpps.auelnag 8, HriOdLL 0 20r mbreconcmagmiedps As ﬁiechxafﬁlpea ghest em
further corrprl ses a radio, frequency identification reader coupl ed to the

antenna to s¥NEWRA SPINBIER PATTajy A loopsdn whics apgwsRserg e gpgloop may be
PCT/ U52003/ OﬁéééQd over the interrogation period, and the 1ema1n1ng loops may be parasitic loops. In

particular, the outer and inner loop may be alternatively powered during the interrogation
period such that the magnitude of the field over the interrogation period meets or exceeds
the interrogation threshold of a tag for a substantial portion of an interrogation region
located above and parallel to the antenna. ‘
[0010] In another embodiment, an antenna comprises a plurality of loops formed in
respective layers of a printed-circuit board. Two powered loops may reside on a top layer,
and two additional powered loops may reside on a bottom layer. One or more parasitic

. loops may reside within a layer between the top layer and the bottom layer. The three
layers may be used to form a printed-circuit board for use within one of the storage areas.
The loops may be non-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



the | oops of the antenna w thout powering the remaining | oops to conmunicate
with the radio frequency identification tags. [0012] In a further '
enbodi mentwobhaoisyention is directed to a nethod conpripengs20e8b88ig vel y
powering at |east one loop of a multi-loop antenna w thout powering the
remaining | oops to produce an electromagnetic field proxinate to a storage
area durin interrogation period, and obtaining informatjion during the
i nt err ogat i%érkoqyépf B¢ antepn SHRoUBPOWRSING theFFMARIRIAS IRAPA (3 COEBHRIcAtE v4th R t ags
fixed to i area. [0013] Although the various aspects
of the prefsg{\{)ffr%lw |d%£ﬁh 1?5 gely be described in the context of files
or docunen[(l@lb}h]m)ﬁxhhextémbadimem tlmnnmylobes diseckdi to atmetbéd a:cgnp:islhg itens

i ncl udi ng books, videqg ta Pnﬁi‘lg’fétl | y- re orded nedi g, retai|l itens,

pal l ets, %F(])‘?‘r'ﬁlé{Plbfé’Pg’e“Bga @ar%%lu POR YPEHmR it %B?W%rﬂn%ﬁhenot each
of these iy il glooggf‘ocgr%aﬁ@é dnYel &R o gga}&tﬂa& pmlﬁh&% DRk iR a?éhoddrﬁlgtahon

[ 0014] The e or nore enbodi nents e Invention are Set forth
in the acmosmaayomperitdauwdoisaining ihfeemdeacdurpty the nhelirmganoﬁpbmd fremtanees,
obj ects, and advantages of the inventign will be ; rent fromthe

descri pti off Iaﬁ’if raqha\ﬂeﬁggncyaﬂ%}mffwamn tegeixgdordiemsgpit n PHEBN OF
DRAW NGS
: NG [ Ei} hthd Yaffo ,gé&tsdaﬁﬂé : éngn Hlfﬁe {Nﬂgla?%eﬁe)agé QeSE{ agncy

i dentifi ca sys docu ment 16] FIG 2
is a per spmetcbmembfa‘gesaamddchmshusat botd), the ieveatiph magrbeasﬁdaﬁutmnhhgrotm ant enna

of an RFID reader_relative to a tag. associa th a current or file.
[0017] FI Gtems jngl uél%&?@ﬁm\ﬂ%wda%ﬁr aﬁica# 1y &f@r@aﬂ%&% Oéﬁed fteERHPalftsy
mul ti - 'Oopcor@ﬁB&E”lﬁ‘ othe?WRls, H &5 éﬁ? éﬁe&gﬁ&hndét*&aéh of théls%ﬁ{eﬁfs% the

magni t udes of exanple nagneflc produced by sel ectively powering
di f ferent jmoifaldy cdlled oanaaamnzdtauiauﬁb@pplﬁzan{nﬂow] FIG 4B is a graph that

illustrate ni e of the magnetic fields of. FIG 4A . ove
i nt errogat foghgﬁgga‘geda‘iﬁﬂ% Oﬁm%efpﬂ%demsataé’f gi‘“’é%@”@&lafe\ﬁgf #;ee [ 0020]
FIG 4C | Sa&ofnlﬁ ngﬂm&s%@th@&é%‘ptmﬁeldd/' ORtler #atised, 'ZSBJeE@Qa(Hdt ude achi eved

by magnetic fi eI ds” of FDG over ‘an interrogation period. [0021] FIG 5
is a plan advantagés cfribe iwcntmrewﬂ]lzer@ppmht fretndlypdesatiptioneand drawings, and from
the claims.

BRIEF DESCRIPTION OF DRAWINGS

‘ [0015] FIG. 1 is a block diagram illustrating a radio frequency identification (RFID)
system for document and file management.
[0016] FIG 2 is a perspective diagram illustrating an example orientation for an antenna of
an RFID reader relative to a tag associated with a document or file. )
[0017] FIG. 3 is a schematic dlagram of one exarnple 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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[0022] FIG 6 is an exploded view of the exanple antenna of FIG 5. 4 WO
2004/ 049278 PCT/ US2003/031 548 [0023] FIG 7 is a plan view of another

exenpl ary nw(i 5004/99)97 ntenna [0024] FIG 8A is a graph thaﬁcﬂb#z‘d%ﬂ?ﬁiﬁs t he
magni t ude of an exanp e magnetic field produced by the l'ti-Toop antenna

of FIG 7. [0025] FIG 8B is a three-di nensional graph of the magnetic field
created by the antenna of FIG 7. DETAILED DESCRI PTION [0026] FIG 1l is a
bl ock di agr 48023]IRI6t Véﬂiplgnaimdﬁ@otheeqsmpiyryimdﬁﬂbbp emtenmm (RFID) system

of 11 ces. 1 o DB TIZ: S o B AL S SRR par LBt erns ReBARE0 ofy

repl aced by Iﬁ{,&g&ﬁgplﬂ;‘e myﬁt@bﬁgﬁteﬁ)ﬁaéﬂIQ@emocunents a nunber of industries
continue to rglz% heavi | paper docunents. Exanples include | aw offices,

gover nment d0082fdiES, SR n@la ﬂa@ﬂ -limensionglgraght oftheigraghpiisi firdd sreaiedibyi thapntennad

medi cal recorrﬁ ;hese files may be positioned in a nunber of "smart
storage ar eaé ?2 on an open shelf 12A, a cabinet 12B, a verti cal
file separator 120 a smar t cart 12D, a desktop reader 12E, or a simlar

| ocation, as shown in FIG 1. OOZALLI n this manner, smart storage areas 12
may be provided at multiple | ocdRES EHBESCRABTb@bTam zation, as opposed to
in asingle file room For exanple, a smart storage area 12 nay be '

associ at ed VoORe)aFIgAN tid £bloak diagemt [Idtrattngth radid fikemkedyi identifivatibn (RAD)t hus may
be referred to or considered to be "dedi cated" shelves. As al so descri bed
bel ow, smar tsyst§moldfgedaguament apd Glsananagemenc Aespitgome infeaR sy e PRVeINE 0&dcss or

other areas :}%{)Jrg&@%m%nts% w}ﬂ?&pﬂaﬁﬁﬂ dq% hirfehds AtCenti 1}/ %l%c:e g}g e?r%trgxélc

accounting fi rokerage house to ena

tracked not vemiynsvdfeliost deyurass, Iaemaitedofmdasmmahue‘uolrelyrlwamly bupapgk so when
they are located at_distributed |ocations. [0028] The term "snart storage
area" is uséh)ca@ﬁ@ﬁsaﬁwnplss ineude 1aw offices. goyganenbagengies.and desilivieser #ering her

| tem that | Suubenstih Lo RRRA] ek oIk MeEARRRL bbditodd ifhhubiber b acki ng

and | ocating ocurent’s” or es wthin system1 I'n“particu RFI D

i nt errogat i dsnmapadragd dryasOfl2sergr dn ah opeagelehfrléas a tabinetyi 2Beadef@eh¥ileags

associ at ed V\ge})gra%orrl%c a smart cart 12D, a desktop reader 12E, or a similar location, as shown in
FIG. 1.
[0027] In this manner, smart storage areas 12 may be provided at multiple locations within
an organization, as 'opposecll."to in a single file room. For example, a smart storage area 12
may be associated with a particular location, e.g., a docketing shelf, and thus may be
referred to or considered to be “dedicated” shelves. As also described below, smart
storage areas 12 could be located near individual offices or other areas in, for example, a

( hospital or clinic, a law firm, an accounting firm, a brokerage 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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itens stored in the respective storage areas. In other words, RFID tags may
be associated wth or applied to itens of interest. The tag nay even be

embedded Wi higdoidieg i temor the packaging of the item spctiadood/Rsisag i s at
| east substantially inperceptible, which can help to prevent detection and

tanpering. Thus it would be possible to "source-mark"” itens 5 WO

201) 4/ 049278 PCT/ US2003/ 031548 w th an RFID tag, such as_inserting an RFID
tag i nt o owithppRARdagsuekrisinseggng an BRID tagrintodurapplying an REBYtagde an demas wi t h
a file fol der, .docunen book.,, Or..t i ke, 0 _RF gs or labels are
made by va ?Wslgsrftﬁ?‘irgﬁ%f&?rﬁr %Srvglzth ?ﬁ% %quﬁ’gd(ﬁg&nggt’ %&]‘r’\%torr theﬁn S of Dall as Texas,

under the [PIOPREID Gigs of RYels bre' meMeby YRROUS mAdhfdodrag, insludingcferdd nati on tag
that includes an RFID el enent and a nmagnetic securi b}é elenment. An RFID tag
typi cal | y Insepmeris ohRallas Eaxanuadercthe designafionhTag-der Oae tyRerRfdHiDIRE Hehory, a
portion of i.ch. ' rtrain, | ' g, and
anot her po‘rx\fm%lﬁmlog?t X%vﬁl%(tzﬁl%ﬁn’]gﬁé %%ﬁﬁgégléﬁg n[s@oc?%}ngggdﬂlq ??%%@Py%%{%pﬁa‘%‘?on to the
tag. The i RFHEY A t¢ficslly @blutled £ infRelied ¢ivetitywiElon b&edie dmbentaf neomi@n @ t hat
receives RF energy froma source and al so backscatters RF energy in a
manner wel porkiawwhwhiehimay berysed fq write qefain ipfigtion tethe tpgrand apshegportiest

provi des a_si gnal tha er inytb n_in g e Ly, referred
Fo as o r oabPeR it R os e ARy S uion 01 BE B8y 3R nee ARk SCpoun

the RFID t ggbratailly cdo€cttd & anintdhniih Redeivel RFamSAS fedred so0iRO 3R] alfk| D syst em
10 operates within a frequency range of the el ectrorrag,netl C spectrum such
as 13.56 Nbcksegiters Rinenergloinaonanter siglldmeynyn et dt isfthisbackscpttered REi ch i s

£t q ol Seientifi . ; . :
ovever , - oftigey tAFRBHIEE) wenl i 1% RO ER B TOBGR) [,
invention tosasQtades, witlith fidetradk@Sskkteml hetoRfbltdih infoendtegabottsthe RFIP &e tndads

of smart storage areas 12 comunicate position infonnation to file tracking
system 14 thedtelpyih wlicd ihis@gspciagd- data store, e.g., w thin one or nore

dat abases i I Ifglgﬁrgﬁ? r

aggregati oﬁfocs)?] Fﬁgﬁ%%sg%}?ilggsérg?gr%ﬁ%l |oﬁgﬁﬁpér3§%§%ﬁl{ﬂﬁ(§ Sys gﬁ%lgf% may be

net wor ked gpecoitiesushae 18.66 MMz wich andlowablofrequencipuirnse s0+4 MaHz| wHlickiiglual s
at vari ous éocati ons é%rt]%%] access data relative to those itens. [0032]

Col | ect i onOHEHssE oy Sentific agdYledica] ASMpnplcations nElpws¥er, 82| for a

number frequencies may be used for RFID applications, and the invention is not so limited.
[0031] The RFID interrogators or reader pads of smart storage areas 12 communicate
position information to file tracking system 14 that provides a central data store, e.g.,
within one or more databases of a relational database management system (RDBMS), for
aggregation of the position information. File tracking system 14 may be networked or
~ otherwise coupled to one or more computers so that individuals at various locations can )
access data relative to those items. |
[0032] Collection and aggregation of the position information may be useful for a number
of purposes. For example, a user may request the location of a particular item or group of
items, such as a file or a group of books. File 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



of purposes. For exanple, a user may request the location of a particular
itemor group of items, such as a file or a group of books. File tracking

system 14 ”Wo?ﬁﬁfokﬁ‘f? the file location informtion fro%éﬂﬁsg’ﬂg/ﬁa]§jqore,
oC

and report to e user the last location at which the itens were at ed
wi thin one of the storage areas. Optionally, the systemcan re-poll or
ot herwi se re-acquire the current location of the itemto verify that the
itemis in tthat a filedatdadn forneviewtand rédentlhpladed @thaser. hepf A83 | Nasratpdilber

le, file- Ki t 14 m tif . Wwh it ' | d
ot & cor tal KRR BRTIRCA PeARRpet i P eg AL Io0Rs AEPBE ey ray be
not 11 ed 6 4 200} 049248 ET] LRRAOFAI s, WBlhedie! i1y, aeich fes

review and recently plac I's or”her ‘desk. Naturally, fil'e tracking
system 14 cout tbchedappldesggnated sregal méditad professiadl may bo aptifiedpethaps throughta

houses, and used court personnel such. as.judges, clerk and the |ike.

S a1y e eHoRt Pl Pt eotibgesmeh it at HESRE nfrbaPstRe 285 bty

pr of essi onalthggyegﬁt&?qg&ja@}df&p@im% through a cellular telephone or a
pager, or by e-mail) that the file (and perhaps the person to whom the file
rel ates) is [003lyTleofact thati thevfild @a3lotatdhat f @ectnint loedtion e aftilgefunther firoczatieg at a

certain locatiqgn awaitjng.further processin an. be recorded. by file
Cracki ng. sy e saccated P gledfackif sBiigi e i of & Biskity Gh O6rIocatien of Hahfemnor
that a certaifelthdid eRGAAE 1Rl RS defthid sBEIbf 0@1%1_‘ %2«]51'3@& 1EhQSRGR WHIGRA | On, On

which a certain person is expected to work, is different than a storage
room cont ai néemginspersunge expactedpo efork,iis dgfe(qne thaapssforageaioomepnivinikg byargey

i t hi ization Stated differently, the.certai
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person, wherg@gqdaifaaety khd éér@jmlemhla%g lakgrtaihlfilé fdr@eft@in Ridon 1REPR6IR t8f 2
group. is not specific to anyone. [0035] In addition, the information

col | ect ed bythRReEsony wherens 8 geneyallfde troat hdusing alk filas faral mémbereabagronp. isnat| e
time in processigs, efficiency of one or nore people who work w th the
files, and effFFECRAYYVF the process. This information can also provide a

type of | ocmoBSNImAidahionethelinfolfadidl @Rkl B?H@)@?&t&hqi@]ﬁ wd ddefud id he :
software system [0036] Each of the smart storage areas 12 of system 10 may
be equi pped-taking i example; eyclaime ih processes, efftciancy ghonnmer mpwe repplesvitaowerkd i n

det erm ni ng \meh (t"lpe ffilieé,ea%d %fﬁacicl,n%(}:l%tf ?h% pargce%sa.1 CPhi(s:)finformation can also provide a type of
location archive if the information is maintained within the software system.
[0036] Each of the smart storage areas 12 of system 10 may be equipped with one or more
-antennas for interrogating the files to aid in determining which files are located at each of
the storage areas. For example, one or more antennas are positioned within open shelve
( - . 12A to create an electromagnetic field for communicating with the RFID tags associated
\ with the files. Similarly, antennas may be located within cabinet 12B, vertical file
separator 12C, smart cart 12D, desktop feader 12E, and the like. The antennas may be
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



the storage areas. For exanple, one or nore antennas are positioned wthin
open shelve 12A to create an electromagnetic field for comunicating with
the RFID Rﬂggmﬁ%%% giated with the files. Simlarly, antgspgsg ooy i1ke | ocated
Wi thin cabinet 1 vertical file separator 12C, smart cart 12D, desktop
reader 12E, and the |ike. The antennas may be positioned in various ways,
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fields of wHferregatien @@#qnauorﬁagﬂ\feeﬁg@%torwetwmlﬂml@femaw&p.f@id ¢regjedhy thegy er

t he storag 0
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tag is propy rbg%{/é%'flél&’hm magﬁ%da Rk B Snte 15 %ﬂ tp%fl&!l ﬁléﬂeﬂ%é@ f19 through

t he tag | oo ant ageous he antenna may
threshold magnitude for energizing an RFID tag. Moreover, the magnitude may meet or.

- exceed an interrogation threshold, such as 115 dBuA/m, for energizing tags throughout.a.
- substantial portion of the interrogation region. For example, by selecting different driven
and parasitic loops of the antenna, the field produced may have a magnitude substantially
throughout the interrogation region that exceeds the threshold magnitude for.50%, 75%, Iy
- 90%, 99%, or more of the area of the interrogation region. 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. Consequently, the techniques described herein can
improve the likelihood that all or substantially all of the tags associated with the files or
documents positioned within the storage areas can be energized, and the items can be
successfully detected.
[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



to produce a field having a nmagnitude over the interrogation period that
‘exceeéds a threshold magnitude for energizing an RFID tag: Mreover, the
magni t ude et Qr. exceed an interrogation threshold, 41

dBuA/ m forn%%gﬁgl}’?%sg tags throughout a, substanti al por%éfgﬁggﬁ({%‘eé
interrogation region. For exanple, by selecting different driven and
parasitic | oops of the antenna, the field produced may have a magnitude
subst anti al | yossibleriaagh@biiod gépéﬂaﬁwlm@ &gl 12 as Bdicated tiathe dxgakdstovi DE and

t hreshol d magnitude for. 50% 75% 90%. 99% or nore of the area of the

i nt er r ogat i oWithiagndpterrpgationiregiap At dacated in @ pianeaboyngnd pealipl 1o aueacd: for e
accurately d a i Lt h- i i At e within a
smart stora a&g(%}el%{’ qg.f&%%%@%%a\%&%g&?glgﬁﬁﬁ%ggg egéci:\gr%@é}ghggfei n can

i mprove the intdt@ighticrothrdshald nzbdedad efetgize alnd daglthrpughdut akubdtatinbgstias spci at ed
with the files or _docunents positioned within the storage areas_can be
ener gi zed, alMFIIOgatien EEIONCAne dl&?&@%ﬁgmll}ypedﬁ%@&%.to? oFfesto s a

per spective dloddt Abld HSHEMEARR IuSIATRL BeSERALAIRARgLAT 2N antenna 20

of an RFID reader relative to a socCi ate nitem]| ocated

Wi thi n one of0046)Hnlikesinai PREID eGSR adéhs ih Wwhighhyn RFIIDreagal indal tag iy be patallas

the smart storage areas 12 of RFID system 10, it is.often advantageous to
create as Ia?’{jjeﬁ%ﬁe‘EP’éEﬁPerr?&@fh@@l% antena2Oandgag\gy? athin p agart storage area 12 may
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i ndi cated by and hi'nan i nterroégation region

| ocat ed i n aanel @her radxous; aardnp20 alak dk 1dcatednvietiinar 2Adng hiresppetiviel tasd ar shelvigy
field should have a magnitude that neets or exceeds,a mninmuminterrogation
t hrieshol d nedBisHre 8f & yapg stosagerseea g 20dhthe d9FHNENLE 0L 1ig7as BYFY bastopsh tertasallys

| nter 1 0gat | opor SUAR. B biinbRSnlnhECS) A BE |dIck\YiuRE HRSAGHEULAIpchAntipg 22

in order to provi e communi cations throughout the interrogation
regi on. -[‘00402A USimikalyremy oiRhbid o pplehnat20ansy beloshtied lwithin Rbase of eadien] flad a
tag may be parallel _an aligned on top of each other, antenna 20 and tag 22

within a smafPa{rlale Flice qr doumepts WHEREKESF FIPIASEATSH il 2t WF VB AFBIcR Y ar to
cach other. hiafd@ (el Al QlesBRYE 94 adsBhal Al Bk oAfic@hDRAa! RARONS,
may be a

ant enna 20 l ocated W thin or ong a respective base or shelving
struct ure of oBemerbpdrpeidondaydo antemnald), amhuohay be lotatdrasdistanagrz aborersntamya o of

tored verti el Yer JFOLSAAI & Q08 8ol &y S 8RR 20l RShed B 205
- 20, depending upon the position of the associated item. For example, tag 22 may be
located near either end of shelf 12A, or anywhere in between.
[0041] A conventional single-loop RFID antenna may be unable to produce an
electromagnetic field that meets or exceeds the minimum interrogation threshold in a
( - direction perpendicular to tag 22 substantially throughout plane 24. In particular, a single
loop RFID antenna may produce a field having peaks’in field strength directly over the
loop, and a significant drop in the center of the antenna. As a result, conventional single-
loop RFID antennas may be less accurate or unworkable in that they may fail to detect a
number of items within the storage area. As described herein, each of smart storage areas
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



12A. Simlarly, one or nore of antennas 20 may be | ocated within a base of
vertical file separator 12C. Files or docunents within these storage areas

12, homvf}{'o.zﬁrﬁ%ﬁﬁ?i cally arranged vertically. As a re?l‘:”r)tus%ido%?l%%
Wi

associ at e one of the itens tends to be oriented perpendicular to

antenna 20, and may be | ocated a distance z above antenna 20 of the.reader.
Further, tag 22 may be positioned anywhere over the area occupi ed by antenna
20, dependipatpetiflionlat focanpwiintation'of b tigeithiasndntatreghtionaagiofr docated abiptecandt ag 22

may be | ocated near either end o hel f A .or. a ere in between.
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threshold in a Irectlion perpen ar to tag 22 substantial’ly throughout

pl ane 24. (60434 rAntawhad0,indudésrgler maye [pdRFaréd” dnopsand onapr provel (pzeasaid’i el d

havi ng peaks in field strengfh directly over the |oop, . si gnificant
drop in theOWSAP BuEs aqyEes {@ﬁh%f?“ ténir%ggm b e@&h@@ﬁﬁ?‘ﬁ'ﬁgl‘ﬁlgfﬁr@ql - 1 oop
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detect a nurr%ler %P i tens r\?ﬁh?n tﬁe stor agge ar ea.n Asd%gé%c?(?boed herei n, each

of smart sthurthgenaae,aay nubbeuodf the keps ofienternariby maybe saledtively pomtesrdrtaormapabl e

of producing magneti c field.that, neets or exceeds an interrq i on
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FIG 3 i's anRDEmRhiteith RIGREDS pRAE pREABRb and HHO B Bitefla, Dilfslihe | 00P

antenna 30. In particular, antenna 30 Is capable of producing an
el ect r onagneteirogdtiorlpdriody afiistdet af thedopyistmeyebeqfowenel 4rided RFkedrsmonicationeeds a

m ni mum i nterrogatij o reshold in a direction 9 WD 2004/.049278 .
BT USD003/ CRHSHBI3y FHIEC1S8 D e AP S SHPIORARA S i oo g

i nt errogat iROink@ReAor ed above and parallel to the antenna. In
particular, antenna 30 includes a plurality of concentric loops forned that
are pl anar [0#44) Banleloopondyeromyrise a, disceese ttacd, wirsher @hentonduqtive phthshitghlanes.

[ 0043] Antenna 30 Lncludes.one or nore "powered" | qops and ane or. nore
" par asi t1 10t SRS, PLAON cpe of mareobpsiBay he mals Gam rnelgoBfimiims ¢ ¢ he
magni t ude Qfacé Bewirk ed oné 8XENPIE, HE LGS 11 bk FbREddd8@h bR of MbRSERESWIthiaughout

the interrogation period. Furt.’h_erm)rez any nunber of the | oops of antenna
30 may be eingditdirgait Yogrdwe othgr rigidf eriflexible subsiraiet Hach trapganaysbe, forteamplgat i on

peri 'Od.’ ' ex%‘é?é 15 Irrnl-llﬂirn%yerr% {-nnvt&ll . Olgl%}tilp?enar}tgnrn%ss 98 Irndayibré 16Chted adjacent to each
- - other within a single smart storage area 12 to ensure the electromagnetic field spans the
entire storage area.
[0045] In general, the parasitic loops receive power via mutual coupling with the driven
loops causing current to flow within the parasitic loops, which contributes to the profile of
. . the magnetic field. As a result, each parasitic loop may be tuned to provide fine control
over the magnitude of the electromagnetic field. In accordance with the principle of field
superposition, the ultimate field produced by antenna 30 at any point during the
interrogation interval is based on the contributions of all the loops. Consequently, the
driven loops and the parasitic loops may be selected to finely control the magnetic field
- 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.

10



I nterrogation region |ocated in a plane parallel to and above the antenna.
Duri hg the interrogation period, a first set of the |oops may be powered

and a RFID ¢ ion may be initiated. This process ed for
any conbi naw%ﬂ“@ 4%?%% | oops during the interrogation peri ?ﬁf‘&gﬁ%%@ ch
| oop may conprise a discrete trace, wire, or other conductive path suitable

for current flow In addition, one or nore | oops may be nade froma single,

continuous 0046 IinénevdnitRddirént Oditerie 30Rh#) intlnde hlqom&'nbﬂiy)f ﬂx&)p{s osunkds fliresn one
or nore traces within a printed circuit board or ot her a}% id or flexible
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30, e.g., tion in FIG 3. Fur e po | oops and
parasitic I omggsoroiocatet withia a3l amepar dlée] vaandeabosde antempat (e Ammarexagmﬂa @an period

to forma field vin n|tu ets or exceeds the interrogation
{hrieshol d f oPOwere %&rgm%fg? ?gégiﬁﬁ% & PG GBLAPaRSIE P e maY bg

di rect i on perpeRdd fedbdite 4% 2F $MZ £ ThRA0Sa s ﬁu’.\éﬁ §,he i nterrogation
region. 10 WO 2004/ 049278 P 2003/ 031548 | 0046] one enbodi nent,

ant enna 30 nff048h&i adzlﬁaticanmemmbmerlapplhg;@paqenmmlbopasoﬂdmtwaa 30fmayebe fbr—med in -
fifteen, twent nore concentri.c Cut.er nmeas

2
appr oxi et ol § CUBTRAGHEE. 5 PO HIPIEOEIBAL « Bt oA R e SR gha base
Moreover, thgr {RORST a sRlardiir8i @e302. Wh&?gh"%feﬁ(ﬁfnﬁg% bénehAVRttAegRAcION Of

appr oxi rratel y 0.4 inches on center between each | oop.
horizontal position, the invention is not so limited, and antenna 30 may be oriented
- differently depending on the particular RFID application.

[0049] Further, although the embodiment of FIG. 3 is used as an example, other variations-
may be used to create fields having different profiles. For example, any combination of
driven and parasitic loops may be used. Furthermore, antenna 30 may easily be modified
to use one or more different geometric shapes, such as parallelograms, and by removing,

( : shorting, angling, or driving selected loops, the desired electromagnetic field profile can

\\ be obtained.
[0050] FIG. 4A is a graph that illustrates the magnitude of example magnetic fields 40, 42
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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[0047] CQuter loop 32 and an inner |oop 34 of antenna 30 may be powered, and
all of the other inner |oops may be parasitic elenents, i.e., passive

el enent s. %ﬁ?@a‘r#&zgtlc | oops may be tuned to resonant BtTRs (fo ﬁyﬁ]&cy to

al | ow maxi t flowin each of the parasitic |oops, n turn
creates the magnetic field strength needed in an |nterrogat|on regi on

| ocated within a plane parallel to and above antenna 30. As one exanple, a
power ed | o@pectremapeetidficlddmOaind 43, ﬁz@pd‘dtﬁlllyf (Aﬂl ahtanpther inaerdoapspae asddtdsc | oop

may be tuned fo resonate at a frequenc fromthis base frequency.
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be formed i &)LP ?2 pear ﬁ*%ﬁlﬁﬁnn%pzﬁ% atlé"fOBEé Sredte ?ésﬁgétﬁ'elrﬁégi'étlé)ﬁeﬁs 40,42 that
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area 12. Alekhibitgipgnifésot iedectianrin gmgartadle i differemtsppants along she Xaimemsieradf
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30 may easi.ly be nodjfie ne or nore di,ﬁ%erent geonetri c shapes,
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[ 0050] FIG I's a grap ustrates e magni tu exanpl e magnetic
fields 40, HG. 4Acfmmmdl d)/yr sreinmnqgagmdpérfmlrchmﬁlgdvhmke]mopmﬁﬂ @draa«ssetlecmvbkyops of

antenna 30 (FIG. 3 fIC FIG. 4A il]Justrates the nit ude of an
X- di r ect ed PRRGFS: i I%IP%HP ai"en teraqgaﬁan P‘Hé)dxsea?‘it’é(ﬁb’l Weé?flgggﬁg 4st or'age
area 12 wi taBth?ﬁans%n@l‘o%ﬁmﬁanﬁﬁbg f&ﬁf‘§h@l‘ﬂt44 Habin tzhhﬁgrﬁfﬁﬁ@ﬂla?me@ﬂ%r

magni t ude of the magnetic field strength was neasured using a

Packar d no@e;beeldﬁ’a béidinuin oltersezafipe tlnteqlnpbbm anwhteohgdtima regiompaeieldo fthmt or -at
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antenna 30 rggigppowered at different times during the interrogation interval
to produce 1 WO 2004/ 049278 PCTI US2003/ 031548 el ectronmagnetic fields 40
and 42, redpe]fAdvaptagauslypfntenna 3k hay bé witlized lto predues Beld4d dhaving a

magnitude over the interrogation period that exceeds a threshold interrogation magnitude,
such as 115 dBuA/m, to energize an RFID tag and provide reliable communications
substantially throughout an interrogation region above-antenna 30. For example, by

- selecting different driven and parasitic loops of antenna 30, field 44 may be produced that
exceeds the threshold interrogation magnitude for 50%, 75%, 90%, 99% or more of the
area of the interrogation region in a direction perpendicular to an orientation of a tag - il
within the interrogation region. For example, within the interrogation region and in a
direction perpendicular to an orientation of the tag, field 44 exhibits a single dip 46 in
which the magnitude falls below exemplary threshold 45. However, in this example, field
44 falls below threshold 45 for a very narrow region. In particular, dip 46 in field 44 may
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

12



parasitic |oops throughout the entire interval. As illustrated by the
"exanpl e, each driven |loop 32, 34 and the remaining parasitic | oops create
respective grRpaBiHH21¢ €l ds 40,42 that exhibit significantpdeddsodi/mnsssn
magnitude in different points along the X di nension of antenna 30. By

sel ectively powering |oops 32, 34 over an interrogation period, the

magni tude of the fields produced by antenna 30 may be enhanced to

subst ant i al | of thettrreogatioy regian Iofthis krampie eF G gét illusiratesghe maghigyde of Higld 44
magni tude of _the fi.el ds remains belo he . interrogat] t hreshol d

t hr oughout tﬁ'i“éasf‘l’ﬁﬁdé?ragé%ff’ir%gﬁnﬁ’@rr?%ﬂpngé’%‘%ﬂes ﬁ#’(ﬁ{e e nlngg ' graph that

i ITustrates fopss)E@Nistis 6l vidwef MH@FeixémPia@l ﬂﬁltflﬂ)og‘hﬁteﬂfla 56:| Buld4odpor med
over an interrogation period during which [oops 32, 34 are selectively

power ed. As ant¢nmgtspandudesavdtipleieopsiesiding gatiafipisdavesd, Meowl ragtiqualyy apienrs ed

‘| oops 32, 34.,and .the asitic | oo n na.30 f.orma tiel <pavi ng a
magni t ude t h%q lnﬁglg?%seé$gf’p@kvceé%@gogs ﬁ‘l}ﬂg?rgra](\ #%5@?? Bgﬁlﬁ%ﬂf}f’f ﬁ?%gh%dd%?%%an

i nterrogat i ofhaf B6idE Bn Bespadtlvellayeds. t A€irst 38t EPddvercd@ops 520 Sid $IB editle on a top
perpendicular to an orientation of a tag within the interrogation region.

[0053] Advanksgfeadsl speondrebairovatediepphelCand p2adesids qarabpitoa fayer. Pagasiti;avi ng

itud he, i ' ' h d hel
"t orogat i RoNREhE LN MR e BeBnite b T T AT R Bl B Beftugrran

provi de relipghlde S RTPLDL aRlyivRRSlectHDP Edvin With ¥ pbWEOIARRUSucARS aRUEERQGBEION
regi on above antenna 30. For exanple, by selecting different driven and

parasitic | obpsderto giatsrmmagptictictd. dWhan aaly ase op hsdatsed pewered lespseddse t he
Lhr eshol d | nker.004).80 RGNS, 0% R0 S0, 890 0. TRES e 150

arga of the rn ogation T eqgl i recti n

orientation efFiG. Bagowskkd [WoPs 5Dand pireditioURpk 60 afee@iadped fueh tex &ifhegnetct hin
the interrogation region and in a direction Ee_rpendi cular to an orientation
of the tag, -figlds Broducashhyi the {epps redugef aydiren ofghe imteryggation ragionubaie thede fal | s

Dot oW exerTD! a0 Shid Pend VRIS thd Ve SRR bElhuci T2 1 o

bel ow t hresh a very narrow region. Icular, infield
44 may haveingeriigdtibn péridd. 1 i nches, or 0.08 inches, or less at threshold 45.
In this manner, antenna 30 nay be utilized to nore accuratelt‘/) det ect and

8

comuni cat e (109A] Megg spesifisellnraslasromagnqtisroupiingbetveensprsraredsiogpageant ea 12.
00061 LS, AR Bl 8 kP B Moyl L IRTRL B il
field 44 i's gnodat@ad kithfparavitit loopsad4. The magnetic field created by parasitic loops 54 further .
+ enhances the magnetic field in areas in. which the magnetic field created by the -
- ~combination of powered loops 52 drops.
[0057] Although the example described in FIG. 5 includes powered loops 52A-52D and
( * . parasitic loops 54 A-54C residing on three layers, antenna 50 may include any number of
powered loops 52 and parasitic loops 54 residing on any number of respective layers.

- Antenna 50 may also have powered loops 52 and parasitic loops 54 arranged in a number
of ways, including having a portion of powered loops 52 residing on the same layer as
parasitic loops 54. Further, powered loops 52 and parasitic 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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i nterrogation regi on above antennae 30, and exceeds threshold 45 for a
substantial portion 12 WO 20114/049278 PCT/ US2003/ 031548 of the

i nterrogatyw@neds@ddmp. I n this example, FIG 4C ill ustrat eeTiRenosesRid ude of
field 44 neasured in an interrogation region 0.75 inches above antenna 30.

[0055] FIG 5 is a plan view of another exenplary multi-Iloop antenna 50.

Mul ti-loop antenna 50 includes multiple IooPs residing on nultiple | ayers.
More parti €581 FIG- @mtaemﬁalodgdmemﬁmn@é@@ BIG.powes é@cnb%b@osmn@ma("sz")
and par asi | o ‘046 («dhat A
first set % C%m'Pgéégé Séggg; §5 ( LJ e oﬁﬁgt%Faggﬁgéggl%%Jﬁg%%econd
set of pOW@hﬁtédlcﬁanSb&eZ@ &ayhrfsz@ doasprmes pdwaemmgﬁﬂAaneSZBPayaﬁéﬂ c loops
54 reside on a mddle |ayer between the togcla yer. and the bottom | ayer. Each

set of pofRmBEses PBSitsIooRy>We el ddaxFE PYC gPIpBReSAOMered IgeRer2 (st ce, such
as a curreg& psource, in order to create a magnetic field. \Wen only one of
the sets of "powered | oops 52 are driven, the | oops of the other set act as

parasi tic [@me3 AsAizsoMbel abbee, agerscanyy baireangad d0several Hifferens fashioner Bor | oops
52 and parasitic |oops 54 are arranged such that the nagnetlc fields

pr oduced bymiﬁﬁeﬂ@ﬁﬁ§6ﬁé@dé@§Iaﬁyb%ﬁﬁﬁdﬁmg@h%mhﬁh%ﬂ%@gé ¢ &2 topd¥sh ofiher e t he
magni tude gf th 56 L& lq %g% ?%d%@r%ﬁé?e FLith&' &%gfrltﬂl&@ léptyi‘ﬁeﬁlgft)g t hr oughout

the. intefr6gation pe e specifrca ectromagnetic

coupl i ng bedtuepdisdqichitw sh dnyafsayers 56 Povaédivopd 52 bxﬁtbpaiaﬁtﬂc ioagsiIsLman alsdr r ent
in para5|t|c | oops 54 and, in turn, a magnetic field _associated wth
parasitic Peepansd, mm&%@m&»c For @m@nﬁ, aBY epe pilayers 28 MaYComPBisg OBy f urt her

the- " combi o PG 5 subFheii BeBE3 7 s st fggho r HRFHEL Lot sEuil Slie o &
descri bed ilsopsl5& 5 |ncludes power ed | oops 52A-52D and parasutlc | oops

54A-54C resj di n%lon three | ayers, antenna_50 i ncl ude nunber of
powered | od}f6lf (énﬁlsﬁdPlé‘éV{eW&flaéB%r@@H}PéngﬁMé 100 antgnna Mulsfloqpespecu ve

layers.  —AjhRAide n(jgﬁ’ldm)!% ﬁhﬁ@l@ﬁ%ﬁ fé% r%gcqhaw i%: lﬁ%réﬁgA%Ba(f'l gérﬁ 6290PS 54

arranged ina nu g a portion o ower ed | oops
52 resi di nd/lan phftieukrdyplayaye@A msludpsaa plardlityof cmmpsntﬁdlodﬁsl,nmtiedmg polesst @fle | 00ps

gﬁ aggg Ipﬁlr %Sg%v}m%,g é%o%o(%is o nlg%i et%%f %%?1?1%12 Cotpg (tjo clen ance t%g ?nsaggltu? erofttl!;lea{I elt he
- . across the interrogation region above antenna 60. Layer 62B includes additional parasitic
' loops 66A-66B (“parasitic loops'66”). Each-loop of antenna 60, parasitic or powered, may .+
co comprise a discrete trace, wire, -or other-conductive path suitable for current flow. In
addition, one or more leops may be made from a single, continuous trace or wire. As one
example, the loops may be formed from one or more traces within a printed circuit board. -
© [0062] Powered loop 64 is driven with a power source in order:to create a magnetic field.: - (0
The other loops of antenna 60, i.e., the other loops of layer 62A and parasitic loops 66 of .
layer-62B, act as parasitic loops to enhance the magnetic field of antenna 60 as described
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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[ 0058] Antenna 50 maybe constructed, for exanple, on a nulti-layer printed
‘circuit board wusing any of a nunber of fabrication techniques including
chem cal vapey,{d§pRsis i on, sputtering, etching, photolithQeredbyssiBski ng,
and the like. Alternatively, printing techniques may be used to deposit
conductive traces on dielectric layers of the printed circuit board. 13 WO
2004/ 049278 PCT/ US2003/ 031548 [0059] FIG 6 is an expl oded view of antenna
50 of FI G 5in ofigerdesds, nodtiplabops needhb@macessBly bongectvedy pdwered Hayrg an 56A- 56C

"56"). Layers 56 r f le, .be | f inted cireuit. d.
Layer 5oA Lompoeatonisrionin S Bhlr SRt NP 85I, e Plgminiiny L Ffce Lis 1
parasitic | ogRmpdfHpedosesdiill biRYRmEE fodpd My LRGP wRANEIRE VRS iPesmBistion>2D.

[ 0060] As described above, |ayers 56 may be arr‘a.n%ed in several different
f ashi ons. Foto prodise ameagnetiafield vaEtha meinEa@gpaasiie 1pepser changed such t hat

| 56C i | f t | ay B6A i ttoml .
Py ther . onclo0FA Ry & i br A0 Tn At Bkt o BB el bt BFA g P
Pover ed | 00pgp24/efBHaR@iRAY0t | QtdrPRivelyOthyBRd) A1R9 be MEe Bétiodh B§Er dMhnkRME k6!

fashi ons. For exanple, any one of |ayerS 56 may conprise onl driven | oops
52, only parBailter,coneoop®rélayersmay keonisiapatsed hetwfeep tayassi G2Acan 54 and

dri | . 1] FIG. 7.is5.a pl i f t her ..
il 111 oop aMOBSHEIE A tarerson BT drRisa e bagtiR o] Aotk R ARG Rt by
residing on {RelahieRh£60 851G 76 3ApStiBular, IFA@Es & 162 two dinMﬁ%f%nﬂa%rhﬁlpﬂhhﬁiﬂlhéx’tratésayer

62A includes a plurality of concentric I oo[)s, i ncluding at Teast one
power ed | oopthganagndude eofithbmagesdticdieldiglong & dimason; o gemtidthcel anennadfnitiende of

the field across the.interrpgation region ove. antenna 60. lLayer 62B

{ ncl udes. adartPangp OhinHbieEE % WBRAEBICHEN Pt P iRBe Rain LR
Eachl oop of aiémiared 6fn aBRIEF) hdvén®s magyRide dhat MR%ts GrRABEEdS n @xAthSie igbdhold
trace, wre,or other conductive path suitable for current flow. 1n

addi ti on, oné2 f epgrgingobieg fomy substanda @ofticpraf an dntagpgationgpgipnabrrs anfeaoe or
wre. As one.,e 5] he |,00ps. ormed fromone or e trac
within a pri g?e%ﬁg}%rb clafﬁmg%'gﬁﬁgn%l%gfh {ggaglpgﬁatfsotglﬁnﬁa nﬁ%dego&irr{l/%grﬁle{\?\f ﬁ%lda'

power sour ce7( productdrbyt antehing 80 & en BREA Blop®4fis pblered.The. ot her | oops of

antenna 60,i.e., the other | oops of |ayer 62A and paragsitic |oops 66 of
[0066] Various e_mbodlments of the invention have been described. These and other

embodiments are within the scope of the following claims.
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| ayer 62B, act as parasitic |oops to enhance the magnetic field of antenna
60 as descri bed above. The parasitic |oops may be tuned to resonate at a
frequency to allow maxi mum current flow in each of the parasitic |oops,
which in turn creates the nagnetic field strength needed to produce a field
that exceeds a minimuminterrogation threshold for a substantial portion of
an interrogation plane parallel to antenna 60. [0063] In the exanple
illustrated in FIG 7, a single loop, e.g., outer |oop 64 of |ayer 62A, may
be pOMBredyﬁﬂﬁhﬂ&hﬁnghe powered | oop and the remaining parasitic |oops
generate a nmgnetic field that nmeets or exceeds the interrogation threshold
in a direction perpendlcular to an orientation of tags within the

i nt errogat,i on n_above.ant enn VWO 20 4 049278 P /USZ / 031548

I n ot her v{br dsAn%JFef’flf)FomPrés”&aﬂlg a(!ilgsynotilo?f’so 33 45/“0 8°H ecttrlo\r}1 gg%power ed
during an ﬁeldﬁaerrfgmgﬂigrﬁma@efatdréhsﬁamteh'ogatmnttlileSrfdchbﬁla tagdeoaerstubahmm t he
enbodi nent of FI G Is for exenplary purposes, and one or nore | oops may
be power edoBKnOLeR mrgpgafwri Feermpsatesin @ plane pasflelfa dhe 2topRaNet ic field with
the remaining parasitic |oops. [0064] Layers 62 may be arranged in different
fashi ons. For exanple, layer 62A may be a top |ayer of antenna 60.

Al t er nat i el y, ThagatenrgXA cirip lpwheien tb@icmpmmafmedqﬂamntoemnam@t@er andiare her ,
one or nore | ayers pay . be inter rsed.bhet ween I [ 0065]
FIG 8A .s"S“t&C!E’ fodiok tH pghefts YBld S“?’hthaﬁ%‘e RIS ‘ﬁ‘é‘gsrar‘a ‘ﬁ‘é?"%a ‘5. eld 70
creat ed byegidmhmeatsnbesneaeds@hointdrlogation. thlleﬁldldibfllhé ll;dgah a dﬁie&;orﬁkrpeﬁdﬁulav\o

di mensi onal graph that illustrates the magnitude of the magnetic field
al ong a dithrhetigiatiog ofthetag.qt h  of antenna 60 when outer |oop 64
is.powered. As illustrated, |loop 64 and the remaining parasitic | oops of

antenna 60 forma field 70 having a magnitude that neets or exceeds an
exanpl e t B eshdhdantgmnafaficlaime; gihgieimga frst a@seft@f the leepssraforined ingofitst on of an

i nterrogati.g ove ante three i nensi ona

o anh © Do PR 0 Posld 8 a8 BibreLh i lofe P el i F ST E bR 0"y

ant enna 6Qiredicboaedibi¢ntédsipalfed td the fieseprined ciréliGdardvar i ous enbodl ments of the
i nventi on have been descri bed. These and other enbodi nents are within the

scope of the following clains. 15 What is clainmed is:
4. The antenna of claim 2, wherein the loops are formed in a common layer of a

printed-circuit board.

5. The antenna of claim 1, wherein a subset of at least two of the loops are selectively

powered over an interrogation period to achieve the magnetic field.

6. The antenna of claim 1, wherein the loops include at least one powered loop and at

least one parasitic loop.

7. The antenna of claim 1, wherein the antenna is embedded within a base of a vertical

file or within a shelf.

8. The antenna of claim 7, wherein the antenna includes at least three concentric loops.
9. The antenna of claim 7, wherein the antenna includes at least fifteen concentric
loops.
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1. An antenna conprising a plurality of |oops oriented to produce an

el ectromagnetic field having a nmagnitude of at |east an interrogation
threshold of a tag for a substantial portion of an interrogation region

| ocated in a plane parallel to the antenna. 2. The antenna of claiml,
wherein the | oops are fornmed planar to one another and are oriented to
produce the magnetic field such that the magnitude within the interrogation
region neets or exceeds the interrogation threshold of the tag in a

di rection per pemeihﬁeﬁrﬁrofcia@mqnméﬂemh@tdogpcmpﬁAa%oﬁc%qtmaoo&he ant enna_of
claim2, wherein a first subsét of the ops are fornmed in a first printed
circuit board, and a second subset of the |loops are fornmed in a second
printed hreu te first.pricn Lrcuit board.
4 The anflennalTh Qr(&?{nao fia?rg gs’hgrﬁl athé qug% COIltlprng pluralltﬁ of R angcl§ DS | ayer of
a print edormeﬂcimtrmlthﬂaraglers5faEHﬁte&mtranﬂBoaed claim1, wherein a subset of at
| east two of the | oops are selectively powered over an interrogation period
to achieve the magnetic field. 6. The antenna of claim11, wherein the | oops
i ncl ude atypl eaghe REnRVIRIAS 11198 Rer@iidhoopd EfisoBRe BAhBRIdowerddQ8dps, 7 The
antenna of claim1, wherein the antenna is enbedded within a base of a
vertical Withirea top lwet hing oa mekepdwerd] lodpewilnin ermotiomflaysr cinchofie ommereei n t he

ant enna in%5%§g§ “m%asghtgregwcon qptﬁlc I%qgebo 9. éThe antenna of claim
7. wher ei RAPRECI9APE NN 3 @y iR CIQR {aYFT $1CRG PUMAIAYEY i ¢ | oops. 16 10.
The antenna of claim1, mhereln the | oops conprise concentric |oops. 11. The

antenna of claim 1, wherein the | oops conprise a gluralltXWof pl anar | oops
formed in lAul t B¢ anteapafslaim laWquemtéae'eftf%mgpe% Id formed byihe ae@Ana of

claimll, pheEel &résh@ld'rﬂéﬁﬂﬁu&@fﬁpéﬁé zﬂg% rédio @i’éganQY&%hﬁﬁcéu%R fotdet hin a top

| ayer, one or nore powered | oops w a bott | ayer, and one or nore

par asi ti c 1¢asioio of thhidimensiomyof thepatensan t he top | ayer and the bottom | ayer.
13. The antenna of claim 1, wherein the electromagnetic field formed by the
antenna exceeds a threshold magnitude for energizing a radio frequency

i dentifica® onThagntbmia oficlaim 1, wherein the electromagnetic field formed by the antenna

exceeds a threshold magnitude for energizing a radio frequency identification tag for at

least 75% of the dimension of the antenna.

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

a radio 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.

17.  The system of claim 16, wherein the electromagnetic field produced by the multi-

loop antenna has magnitude that exceeds an interrogation threshold of the tags over a time
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| east 50% of the dinension of the antenna. 14. The antenna of claim1,
wherein the electromagnetic field formed by the antenna exceeds a threshold
magni tude for energizing a radio frequency identification tag for at | east
75% of the dinmension of the antenna. 15. The antenna of claim 1, wherein the
el ectromagnetic field forned by the antenna exceeds a threshold magnitude
for energizing a radio frequency identification tag for at |east 90% of the
di rension of the antenna. 16. A radio frequency identification system
conprising&k%.storage area to store itens having associ ated radi o frequency
identification tags; an antenna proximte the storage area to produce an

el ectromagnetic field, wherein the antenna has nultiple | oops; and a radio

frequency, jdentificati rreader .coupled ta the.gntenna to sel ively power
ot Foast e ofte rERmSGT T haS Rl mat Rk e R s e

| 00ps 10 oC&EBads itiAhRriopitibnithRsKad fo? afsubsaHiaCYortiglest drf infaopaiontragén 17. The
system of claim 16, wherein the el ectromagnetic field produced by the nmulti-
| oop ant elpsated isa plagmparalisd te thgdoaps eEdIgant§ANa. nt er r ogat i on t hreshol d of the
tags over atime 17 period. 18. The systemof claim 17, wherein the

magni tude of the electromagnetic field neets or exceeds the interrogation

t hr eshol d19.or Ehesysetegftdlain [Howhemin thé amtennacbmprisayat least ane ppwared lanpat ed i n a
pl ane par%%L§I to the | ons of the antenna. 19. The system of claim 16,
wherein t (RS ONg PRERSINCIIQ%s at | east one powered |oop and at | east one
parasitic |loop. 20. The system of claim 16, wherein the antenna conprises
concentric loops. 21. The systemof claim 16, wherein the antenna conprises
| oops for A®d iﬁheaSYé@H%ﬁfrFlalﬁ‘l I9nwhergin thepriernacomprisgs conegntficllgoPsvher ei n t he
antenna conprises |l oops forned on a single layer of a printed-circuit

board. 23. The system of claim 16, wherein the antenna is enbedded w thin

t he storag@k ar€he sys@m of themshbs wheneof the hrterma kémpribesrieops foimeedant@omanogsonpri ses
a pIuraIiE%ngf pl anar | oops

22.  The system of claim 16, wherein the antenna comprises loops formed on a single

layer of a printed-circuit board.
23.  The system of claim 16, wherein the antenna is embedded within the storage area.

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.

27.  The system of claim 26, further comprising a remote computer coupled to the file
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formed in nultiple 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 |oops of the antenna at different tinmes during an
interrogation period. 26. The systemof claim 16, further conprising a file
tracking systemto receive the information fromthe radio frequency
identification reader and store the information within a database. 27. The
system of claim 26, further conprising a renote conputer coupled to the file
18 tracki : ks j a renote user. 28. The

syst em of H%?@?%@%H@ﬁgsgﬁﬁﬂé Wg&gag?gg%%ygﬁsﬁgl udes at |east one of a
shelving wunit, a cabinet, a vertical file separator, a smart cart, and a
desktop reader .., 29. . The. syst f claiml16, wherein t i,nf or pat,i on received
from the. i oTh Sigtraas Wi bierein B S gttt AP PER MR ot 1 on
for the i ugikE cabinbl, B vetticalile sepatat@! £8marBbart, iida dysktapieadercl ai m 16, wherein
the itens having associated radio frequency identification tags include at

| east one of files and docunents. 31. A nethod conprising: selectively
powering ab | eqfd ARG bOIRNOT6, Whehid the o AA0h FRRR MWIHLROME rRRVREGRAC he
remai ning |l oops to produce an electromagnetic field proximate to a storage
area dur i ndgntification tags iredades tacatpey inbutmaterdfop Htedtenisrwithim fherstraisgecmeadur i ng t he
interrogation period fromone or nore radio frequency identification tags
fixed to itenms within the storage area. 32. The nethod of claim 31, wherein

powering B0e nThé systedDEr Adiiel8) avhere@ the @8ms ABHAE hdsuchtyd Wfrécﬂ@néwm or nore
| oops of the nmulti-loop antenna at different tinmes during the interrogation

period t oldspilcatian tags ingluderat ksastpne of les prd documenidve a magni tude of at | east
an interrogation threshold of the tags for a substantial portion of an
interrogation region |located in a plane parallel to the antenna. 33. The
met hod of 3t! ai AmBdthodwmmmisingooweri ng the nulti-1oop antenna incl udes
poweri ng one or

re loops of .th | ti-}oop.antenna to produce th
El ect romagnet | SR PORB PR APt BLERBIER-RanpY Oy e B e
i nt er r ogakdndinihf l@ph el stodicetah@ldc&Omhghetic field proximate to a storage area during an
interrogation period; and
obtaining information during the interrogation period from one or more radio

frequency identification tags fixed to items within the storage area.

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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direction perpendicular to an orientation of the tag. 34. The nmethod of
claim31l, further conprising storing the information fromthe radio
frequency identification tags within a database. 19 35. The nmethod of claim
31, further conprising presenting the information fromthe tags to a renote
user. 36. The nethod of claim 31, wherein obtaining information fromthe
energi zed radio frequency identification tags includes obtaining |ocation
information for items to which the radio frequency identification tags are
fixed, and<fur reln: i i . . of, Sy nd
docunents%Fbcaﬁggﬁﬁp?ﬁfﬁbgﬁéagggbgggog?ggﬂggvgaﬁwgtw%ﬁﬁgﬁa%?{g#gﬁw?Bl,
wher ei n t ltegsnad tamdtooger.ant enna i ncl udes at | east one powered | oop and at

| east one parasitic |oop, and powering the multi-loop antenna further
conprises selectively powering the powered |oop to create the

el ectromagget i ¢hé hethdddfdiairh BUUSKeréin GbfaigRY infdtmiatiéh Ramand édeﬁ%ikémﬁdihsi a mutual
coupling with the powered loop to contribute to a profile of the

el ect r omadisauaney fdeatiticatiop tagyirclydes Rbldingig lesatiomirfermatioa fay itemsparhichthe he

mul ti-1 oop, e lati } : AR Uharebd et d pe | oops
o or eat oy eQy HehdiRaof AP AlTRE G I Gurehd B R ARl She BT

i nt er r ogatbaks, fles andldocanensdosmtdadnyittan ectomagesadzset of the | oops to create a
second el ectronmagnetic field during a second portion of the interrogation
peri od, wherein the contributions of the first and second el ectronmagnetic

fiel ds prgduceTadmetlod G cRIBINSheteih it HulfiavbmshténnaBaddidedd deleadt @he t hE
interrogation period of at least an interrogation threshold of a tag. 39.

The net hodowered legprand @t leg ope p#rasitie loopyrand pawgring the mepltidean atenna furthee

i nterrogat. . ' = ' T : i, 38,
wherein t%gﬁp?$§§ag%§wggggﬁ%m§efﬁ&%%ﬂgﬂggT%ﬁ%%n?@gfggﬁgﬁ%ggagghﬁgﬁhpIane.
41. The mitduoela ofrragit & the PBrasivib doopi via mhmaf ¢auplingwith deqomaraldbep of t he | oops

reside w tcgrlltplbut% (t)o a profile of the electromagnetic field.

38.  The method of claim 31, wherein powering the multi-loop antenna further
comprises:

powering a first subset of the loops to create a first electromagnetic field during a
first portion of the interrogation period; and

powering a second subset of the loops to create a second electromagnetic field
during a second portion of the interrogation period,

wherein the contributions of the first and second electromagnetic fields produce an
electromagnetic field having a magnitude 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
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multiple layers. 42. The nethod of claim 31, wherein a nmagnitude of the

el ectromagnetic field exceeds a threshold nagnitude for energizing the
radio frequency identification tags for at |least 50%of an interrogation
region located in a plane parallel to the antenna. 43. The method of claim
31, wherein a magnitude of the electromagnetic field exceeds a threshold
magni tude for energizing the radio frequency identification tags for at

| east 75% of an interrogation region located in a plane parallel to the
ant enna. : thod of claim 31, wherein a nagnitude of the
electronagﬁg¥ﬁ£%¥§§1d exceeds a threshold magnitude for energizing the
radi o frequency identification tags for at |least 90% of an interrogation

region | Oﬁ?.t edThep m%th%li PR 5?,' vlvheelreig 9 rrgaggitl?c{yo?%]eaélec%r]émagnetic field exceeds
a threshold magnitude for energizing the radio frequency identification tags for at least

50% of an interrogation region located in a plane parallel to the antenna.

43.  The method of claim 31, wherein a magnitude of the electromagnetic field exceeds
a threshold magnitude for energizing the radio frequency identification tags for at least

75% of an interrogation region located in a plane parallel to the antenna.
44.  The method of claim 31, wherein a magnitude of the electromagnetic field exceeds

a threshold magnitude for energizing the radio frequency identification tags for at least

90% of an interrogation region located in a plane parallel to the antenna.
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