-1- APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS | NCORPORATI ON
BY REFERENCE 5 This patent application clainms priority fromU. S. application
serial number 09/134,686, filed August 14, 1998 with the sane title, and
U.S. application serial nunber 091344,758, filed June 25, 1999 with the
same title, both of which were assigned, to the assignee of the present

i nvention, and the contents of both of “lihi ch are i ncor porated by reference

herein. 10 TECHN CAL FI ELD The invention rel ates t%@ﬁﬁ&H ions for radio
frequency identification (f’Fﬁ"E)’CAQMQ%M%F ﬁo t he use of

such systens in libraries. 15 B ON El ectronic article
surveill ance ("EAS") systens deﬁme&fgﬁgyml | electronic
devices placed on or in an article or carried by a person of interest, and
are often used in retail or library environments to deter theft or other
unaut hori zed remgm@@%m devi ces, which are commonly known
as tags or garkers, hayepiibht hfpecadbn 888S pERL AInE Y. Pplidhtibd¥edl FBEBeoN regar di ng
the presence of an item This information ‘could be_obtained by.

el ectronical |y i PPEpfHE8afieddususel 4 58 vdnthrsams teet il 3 @pplicgpiog seral
continuously. At ,e8stoolaurselhied uR€ts, tyasitQke EAS Y BtR BBwiidMerexaimeed over
the years, based on howthis interrogation was carrjed out: magnetic,

magnet omechani calt® tegsigsnee hiepirast nveRe). andifecopents GhbarR of Wichffase four,
magneti c syst ens iRRvRrddddyiriaehct R@eirS> hi ghest |evel of security in npst
applications. Magnetic tags are easily hidden in or on an object, difficult
to detect (IBecause they are | ess susceptible to shielding, bending, and
pressure), and eapcgcdgagtipyate and reactivate, thereby providing a high
degree of security and sone information regard,i ng the, tat% us of _the tagged
article. 30 Many user < hoinvesjes relytes i pppligations far réio fRRNTYT B G RULT ) whet her
a tagged object sySery eseRticudiay trlusors@tisystems kndwiriehi ch tagged object is
present, for exanple. Detailed information regarding the characteristics of
obj ects, such as their date of nmanufacture, inventory status, and owner
have generalsl y beeACKOROUNDGH B INVENTION

Electronic article surveillance (“EAS”) systems detect the presence of small

electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter thef or other unauthonzed removal
of articles. These devices, which are commonly known as tags or markers, have in the

20 past contained only information regarding the presence of an item. This information
could be obtained by electronically interrogating the tag, either intermittently or
continuously. At least four distinct types of EAS systems have evolved over the years,
based on how this interrogation was carried out: magnetic, magnetomechanical, radio

[ frequency (RF), and microwave. Of these four, magnetic systems have provided the

25 highest level of secunty in most applications. Magnetic tags are easily hidden in or on
an object, difficult to detect (because they are less susceptible to shielding, bending, and
pressure), and easy to deactivate and reactivate, thereby providing a high degree of

security and some information regarding the status of the tagged article.

30 Many users of EAS systems desire to know more than just whether a tagged
object is present. They also want to know which tagged object is present, for example.
Detailed information regarding the characteristics of objects, such as their date of

manufacture, inventory status, and owner have generally been communicated to



-7- automated handling and control systens through an optical bar code.
Wi | e i nexpensive and effective, the optical bar code system has certain
limtations. Bar codes nust be visible, which limts the locations in which
they may be placed, and bar codes can easily be obscured, either
accidentally or intentionally. The rangesat which a detector can sense the

bar code is also conparatively small. The bar code may al so have to be
appr opr i at el Yy, paakitd AAgthe! cgﬁhoq’g;}s{e%gthrétll%%%h opRERUR o RAWRRYESpELR e Of €1
exposed to permt det ect ode s s sceptl ge that can

result in dete&ﬂteﬂbmvejthc b;urcelsbar l:cai%tsj/sye,m Imaglctitgdd iEnitdhens Bﬂuswelsenuptrhrcessed one
at a tinme. Thes con trai nEs of . bar de S aﬁ%lFR nmake .t he unde3|{abl e or

i nefficient f‘ﬁ?’ﬁg’o‘ﬁ@ clLisgfsiteeJoraieas ‘“é‘fj‘tc they 3RS PIAPREFRACHE ZSYMor e
recently, el egtdefirgd, edRPbéddepally SMntbRiotNyK MRWRNES ail AihG detREHHRRECY
identification or RFI'D) techniques have béen devel oped to address the
linitations ofnseghe barapdajapiseaempararripsmafis tldpbatrademsydtcietr b provi di ng
obj ect identif r g obj ect
sccur ity becaRetrisaly o BEAhahn, Mho, BEG ) Elabllre bRTEBU N0, OV 2%
above) in \Ahlp:ekmttldetetta:g the baasddxysmlebﬁﬁt sddariigeethatses orsilt yaddeﬁiam' ency

associ ated w fre Uﬁ tq\%stt ari ses, because tl}ﬁ%} e "shi el ded"
by, for exa f’“rest e TP e CRER AP Cot 24 ﬁ]cf’"bsram even

pl aci ng t he tlﬁgcbcﬂa @sthepﬂﬁakeauaﬂuhmitaearew pRikadcf attcappiiceadenuyh kags may be
bl ocked, altho % hei r ange i s superior and bl ocking would be nore
difficult. &t ’@8&@" ‘tagged with an RFID tag may escape detection,

ei ther i nadvertent ly or intentionally. This greatly reduces their
effectiveness as security devices. RFID markers are also related to "snmart
cards. " Both cont dpreagrgnido aleaieanicadentifgaripn (alsa kaewhasiadia Sseusnad in

comer ci al anpLiRkdARe RFEAEdn LISy dEBH oL R10bE BSIARLA Sihitiibl & Speci fiC
person rather than with a tagged object es related to the security and
tracki ng of tdpticaarcodesaRdD fyoremphave hecpdrsomproating vyt ide)tifigreonsingi | ar to

t hose di scus r ciated with
RFI D mar kersstga(r%g]% i %eﬁﬂ:ﬂt i &gwga[?rngqjegsecfj I%t?%g‘%moyn%&%ﬁﬁﬁfggéﬁﬁ the art of
radio f requerﬂppFalamdrem@py)mgﬁ-(bhhﬂru aEAD dvags whlcSmlbstta@mm@l}/ defefted.tThhas been
expended in t flciencies of ncy- and

m cr owave- bagseélﬁ'@g% CR%Y ﬁ%\%ﬁ'\fie‘?"ﬁ r%ﬁ%ge “aegcyst"Lif'bss‘a‘tn%feStbiec ?ethey cag%\g/ed their
performance dshisidedivbyt ﬁor bagple, thvBnngRat entwilNea. habd &dalyrdigbn fd\lao&mmet al .),
entitled

nd

placing the tag in 2 book. Even battery-powered radio frequency tags may be blocked,

- although their range is superior and blocking would be more difficult. Thus, objects
tagged with an RFID tag may escape detection, either inadvertently or intentionally.
This greatly reduces their effectiveness as secunty devices, RFID markers are also
related to “smart cards.” Both contact and contactless smart cards have appeared in
commercial applications. Smart cards tend to be associated with a specific person rather
than with a tagged object. Issues related to the security and tracking of the smart card

(or of the person carrying it} are similar to those discussed above for RFID markers.

The security issues associated with RFID markers are simular to those famiiiar to
anyone skilled in the art of radio frequency- and microwave-based EAS tags.
Substantial effort has been expended in attempts to remedy the deficiencies of radio
frequency- and microwave-based EAS tags. However, none has substantially improved
their performance as security tags. U.S. Patent No. 5,517,195 (Narlow et al.), entitled
"Dual Frequency EAS Tag with Deactivation Coll,” descnbes a dual frequency



"Dual Frequency EAS Tag wth Deactivation Coil," describes a dual frequency
-3- mcrowave EAS tag that includes an antenna circuit having a diode, and a
deactivation circuit. The deactivation circuit responds to a | ow energy
alternating nmagnetic field by inducing a voltage in the diode of the
antenna circuit so as to disable the diode and the antenna, thereby
deactivating the tag. Al though useful for Some applications, the

capacitor-based tag disclosed in Narlow et al. may |eak electrical charge
over tine, whi cHnigiowre EASIamthtinsludeipnppea st h&‘ﬁ&&“\ﬁé‘ﬂé@?“ﬁﬁﬁ?ﬂ%ﬁ‘?’bnal ly.

Radi o frequency EARit agsQtiahis ctrw@res%%lt@m@ ch@tg)hiSmafatrtiphetNaeld fy 745, 401
(Montean et al.) include a magnetic elenent. The nagnetjc elenent alters the

tuning of the tagufiRenvelieenadnegodnokihs %“%P%F‘fﬁﬁb%?éﬂoz% Ipihedipdeaddisory

device, and ther ebndl QEKS) debdiPating e Qagf ABHUBRGYLA R5 RARSH Rhtidnband ag.
Al t hough these tagsm%ave P ceertaau% Stl M%t hey still po rllcl)]t address the

i ssues of enhanc é?ép@é@fth&fieé yagaiselosed et 4ﬂPWc9aEI| Bay JeaRslgrtacy shatRg eMeyime,

i dentification te»ﬂbéh%agxamﬁea%me@&mc%%@utéaxteﬁmamber of ~conpani es,
i ncluding Motorol a/lndala (see Pat ent Nunmbers 5,378, 880 and

5, 565, 846), Texas Instrurrents (sée- U. S. Patent Nunbers 5, 347,280 and

5,541,604), IvlikrongBhi héq@&céﬁ%?%@gﬂﬁé 8E§dnsc§'séagxlxgscﬁt&t Rs4 eapof see U. S
Pat ent Nunbers 4,442,507; 4 296 722; and 5, 407, 851),

CSIR (see Eur opedhonisanse#brirclude presnstioeiensest. {the magnetigelgpmt Ao ty tunig 698 624

Al; and 0 615 283 A%%when 1Bk Béﬁ@ut&n@mag@{lﬁﬂg M%oﬁ/ Rvied @ndérebybloeRd, 547,
5,521,601; and 5,682,143), and Sensormatic 15 | 'ectronics (see. U. Pat ent No.

5. 625, 341). Theseht mgie Fafyencyiresapnse Ofithe tagr Hiiowb thesprigehavaesrriamuelwithey wi t hout

the need for a bakifigt Yot a]&?@s\!thE’s@Je@B?enﬁincedfs"e&ﬁHeaHQld@rﬁxﬁE@x’Bg' ng from 125 KHz to
2.45 GHz. The lower frequency tags ( -125 Hz) are noderately resistant to

shi el ding, but have only limted radio frequency functionality due to

bandwi dt h constrai nkadio Fré?;uéh%i lab@iabAbn teEHBloRfRas b@ﬁe@e@peddyammbmf kers
general ly operate reli, ablg%u Il%ot?rBen a single ta i_nt rrogatl on

zone at a timne. °PHBgMEY! laffpdajadyeg S, Bprign NSP‘R‘VS gvhﬂa %?ﬁé sive to
manuf acture. At hsgﬂsesms) ieﬁgmaﬂﬁieets(sez(Uprﬁa:kNymﬂeBs35:647Msnanc951,ﬂlwbt2), and 2. 45

GHz), the added d avai | abl e_has erm tt devel opnent of
systenms which can ‘Pﬁ/seﬁ}‘%’e‘hﬁ?rﬁ'rﬁﬂ“gfaﬁ Y?%‘@isef Wﬁ@tc’i‘tﬂ%&%gat i on zone
in a short periods, 04‘2 Sov:rer96,01d: S,005341t sibdey72demi 5,201 8515, OSIRGEYEurppeatiuct

appl i cations. In addition, sque, of, A% sk88,085) 96‘33629%" afb%100ehHe of being
IBM (see U.S. Patent Numbers 5,528,222 5,550,547, 5,521,601; and 5,682,143), and
Sensormatic Electronics (see U.S. Patent No. 5,625,341). These tags all attempt to

provide remote identification without the need for a battery. They operate at

frequencies ranging from 125 KHz to 2.45 GHz The lower frequency tags { ~125

KHz) are moderately resistant to shielding, but have only limited radio frequency

functionality due to bandwidth constraints. In particular, systems based on these

markers generally operate reliably only when a single tag is in the interrogation zone at a

time. They also tend te be relatively bulky and expensive to manufacture. At higher

frequencies, (typically 13.56 MHz, 915 MHz, and 2.45 GHz), the added bandwidth

available has permitted the development of systems which can reliably process multiple

tags in the interrogation zone in a short period of time, This is highly desirable for many

product applications. In addition, some of the tag designs hold the promise of being

relatively inexpensive to manufacture and therefore more attractive to a customer.

However, these higher frequency devices share to varying degrees the susceptibility to



relatively inexpensive to manufacture and therefore nore attractive to a
custoner. However, these higher frequency devices share to varying degrees
the susceptibility to -4- shielding discussed earlier. Thus, they cannot
provi de the high level of security denmanded in certain applications, such
as a library Fromthe foregoing drscussrgn it should be clear that there
are a nunber of appllcatlons for RFID tags in varlous envrronnents in which

the identity the ta is i rtant anp PCT Publi cation
WD 99/ 05660, %&Bﬁ%ﬂ@ﬂgﬁ%&rf 35“& they O‘dHHW%Fs‘éF @ﬁgﬁev féﬁ‘féwpou nt Systens,
Inc., descri b@gnaaded iREMPIPLSSALIHS Nbradf ticles wWith RFEID tags. The
preferred ermbodi nent described therein contéenplates the use of RFID tags in

l'ibrary materials, which may then be checked out automatically by

| nterrogating tpl%nﬁg\[e??%%gr%&scq?ﬁﬁr ﬂr{&%rdttgecrekrdéﬂ tihdr¥ afa dy ‘Ber”&{ erial.

However, a nunber ant or’ desira rary or ot i nventory
functi ons renmphcatihat foaREILhegs mdrerscms|einerdmmrsntsmg»gec$1ttm:dem:ry brfehe 680ed

BTl o S VB T RS DL B R £, © °

devi ces. The cbevraﬁ@SssEgneH BNeti@aint Qﬂ&n’malyrcb@esbtﬂﬁdarh Rver& BB6dM G¥ngwi th i tens
that are associ ated vmth an REID ta and op tlonaléjjy a magnetic '}fecurity

el ement. The YEYssuth BREY 'aﬁsprﬂwﬁferré eqbpdipe defcHaed ReeR ca%rrw'ei&‘r

reference to. Jskbbnenytatg@tn%ra@,}ﬁaeﬁgbu@r&hMan bR ehdcpd Sdhgomandiy®gnet i ¢ and
optical media. Qther applications for the present invention are al so

envi si oned. BRIEEFSDERESUR] OFlemAREInDRATENGS of e mptesisk ifoyerge atioberi s
described in &ﬂrﬂ?&r‘?{m gﬁﬁéirible"qb}{}é E%tﬁ&?&%ﬁto& x’iﬁ%uﬂ%ﬁn%hﬁg areflo@Ur €s, in

whi ch |'ike nunbe repr esent structure rou ut the several views,
and i n whi chdesirtpas es subggsteaninl tht * @%uehcsmherratr c i I | ustrations of radio
frequency identification tags; Figure 2 is a schematic of a second

enbodi mrent of a radio frequency identification tag; Figure 3 is a schematic

top view of aSUMNVAREORTHE AJVERT{UKe 4 is a bl ock di agram of an RFID

Interrogation SyStﬁl@ﬂr&Erﬁqr%%rtmtgoqgel\é\feg trc]) i n devices, including handheid RFID devices,

and applications for such devices. The devices and applications may be used in
connection with items that are associated with an RFID tag, and optionally a magnetic
security element. The devices and applications are descrnibed with particular reference to
library materials such as boaoks, periodicals, and magnetic and optical media. Other

applications for the present invention are also envisioned.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is descrnibed in greater detail with reference to the attached

Figures, in which like numbers represent like structure throughout the several views, and
in which

Figures 1A and 1B are schematic tllustrations of radio frequency identification
tags,

Figure 2 1s a schematic of a second embodiment of a radio frequency
identification tag;

Figure 3 is a schematic top view of a combination tag;

Figure 4 is a block diagram of an RFID interrogation system interacting with an
RFID tag;



RFID tag; -5- Figures 5, 6, 7, and 8 are illustrations of conbination tags
according to the present invention; and Figures 9, 10, 11, 12, 13, and 14
are illustrations of various enbodinents of the present invention, DETAILED
DESCRI PTI ON OF THE | NVENTI ON The enbodi nents of the present invention

descri bed herein make use of RFID tags, -and preferably of conbi nation

RFTD/ magnetic security tags. Tags of this type were disclosed in U S.
Application Serial hpurbes, 609/ 083 adedMustrhfidnedf domitenaBon L9 8ccarkhg B1td t 1 ed
"lIdentification Tag Wth "Enhanced Security,” which was assigned to the

assi gnee of th@fﬂmé§é%¥mﬂﬁvéntlon and was incorporated by reference into the
U S. application fg ehy t r i A
detail ed descrlptlongﬂ}y@tﬁelhggngtﬁﬁqagEﬁﬁﬁﬁhgﬁﬁ0@%gﬁ%g%ﬁ§%ﬂ?gggﬁhﬁzd in
conj uncti on wi ptesenhmventtbodi nents of the present invention is described in
Section 1, below, and the enbodinents of the present invention are then set
forth in detail in Section 11, below. 1. Tags and El enents For Use Wth
Enbodi nent s of DENaBEESHESCRIFVEON OPMHA INYENIIEN with the enbodi nents of the
i nvention described_in tion C porat both ect

i dentification and QFﬁ@gP&V@"§QtJFPF¢mfWvﬁmgpﬂﬁ¥ﬁmﬁévrﬁﬁ“ H@@Olgggferably
include an el ep®tand fidterdvsy JFREPBINSIOM RFII/nA g RERGRNEJuHE thglt EMagOGRkiE QipeSi gnal ,
and an elenent that is res onsive to a radio frequency interrogation

signal . In oneveistssgiomsie U Wé’%ﬁ‘@?fé@ﬁ”&'&ﬂ‘ﬂ?‘leﬁ'8%’[98%%?%§}éélj\éﬁﬁegmt19 A8 provi des

the antenna fog,fipe: xeamﬁgmwﬁ b&@mqm&ap@mmgﬁ kiSRRI assi G 14 @M
“responsi ve" nmeans, in the context of the preésent invention, that the

elr{lement provi dé%fﬁ'??t@liﬂqFg?sbmeﬂ‘ienﬁ@raﬁéwabﬁwméfﬁteé@bf@@'@@é intg ther). Sappr opri at e

i nterrogation C | .ew,

foll onwed by a %dggéa?ﬁbﬁigjla@n\mg e g}é%t aﬁ;gﬁlgﬁ& aalﬁ{s%ng‘% ﬁ&gaggé !rjr'“récﬁji t%gro £ t he

enbodi nent s of the megpatie SRFTD, amﬂ/mntbmmprdwmscdmd:omnnc&ietcwtbmhelelmbotl)lmemwof rray

i ncl ude either I i FLD el enent

and a magneti cthseiéeﬁgxlgfngerﬁmf]n?&ts?% %%cm labe ‘?’mc%a ﬁ' ggéa'gﬁ@?vg El enent The
magnet i cal | y- rﬁmpmnmvmmoehmnmnucumnmmem@ﬂaﬁkyumaﬂéxmﬁva Iom1coer0|ve force,

L Tags and Elements For Use With Embodiments of the Present Invention

A tag used with the embodiments of the invention described in Section II, below,
may incorporate both object identification and effective security in a single device. They
preferably include an element that is responsive to a magnetic interrogation signal, and
an element that i1s responsive to a radio frequency interrogation signal. In one
embodiment, the magnetically-responsive element also provides the antenna for the radio
frequency-responsive element, The term “responsive” means, in the context of the
present invention, that the element provides intelligible information when subjected to an
appropriate interrogation field. The individual elements are described first below,
followed by a description of a combination tag. As will become apparent, the
embodiments of the present invention described in Section II, below, may include either
an RFID element alone, or a combination of an RFID element and a magnetic security

element.

A. The Magnetically-Responsive Element

The magnetically-responsive element is preferably made of a low coercive force,

high permeability ferromagnetic matertal, such as the matenal used in the strips sold by



hi gh pernmeability ferromagnetic material, such as the material used in the
strips sold by -6- the Mnnesota M ning and Manufacturing Conpany of St.
Paul , M nnesota (3M under the designation "TATTLE- TAPETM brand strips.
These strips, or marker assenblies, are described in several patents
assigned to 3M including U S. Patent Nos. 5,331,313 (Koning) and 3,747,086
(Peterson), the contents of which are incorporated by reference herein.

Exenpl ary | ow,cqercive force i er bilit r net i terials

i ncl ude ~ per n¥fl g‘\’?“?sgtar{\fhé‘w&aﬁ F%ﬁ‘t}s‘ﬁ%‘{;@mé’ﬁw %ﬂ%ﬁlgaﬁg% reﬁ%ﬁ@ﬁguﬁg?rphous
metal s such athetdasig@atioRVPATADE-T APFOMN tirhel sMidsi F0&e gmiak, cCarapa@nyssadbLibdr ri st own,
NY under the designations as 2705M and Met

[ Vet gl gl.as 2714A. ghe
magnet i cal | y- MESSHASEY B seyeErBrEM prasyispe ‘éi:”%é‘}‘:l”glnﬁéﬁ% Fategt les 9 48K st at us,

dependi ng on {AsiNALHE 8797 0dd\@eRfsbAICIHE Wil s YHiEh £ DRGHEARAbY Fer@RSOCi at ed.
For exanple, certain reference books in [ibraries are not to be renoved

fromthe |ibrberyip. Bxeshplarhios @esivadbree, dightrasnegnioy {efoamgnatiatmatdanely inshidker woul d
al ways i ndicate et her . such bogk. passed within . ,an interrogation zone.

Ot her articl ege,""%%‘h@é“sd‘%drmmon aﬂmf)i %‘gg"r@ peﬁ%’f“é?ffeé’lmsor%hrouscrgem*retaﬁ %clﬂgf ¥h§geods, may
requi re a duahvaiiitdé fismnky Kiied Agae Cbhpanyo Mduddiowh) 7Y uidaethadésigabonhas been

properly processed the marker appropriately deactivated to prevent
det ection by {‘drs‘?ég??sr?t?gghﬂ&ﬁgﬁ%ﬂg@%&?’ge. Dual status functionality is
generally provi.ded through the addition of sections of higher coercivity

magnetic material in proximty to the | ow coercivity nmagnetic material, as
descri bed bel ow an&hg RagnpicalpErspyngiyn cipmens A2y PhEiepypEt By by quaiséfence above.

Certain magnefdeakihyof GRRAIR HenLlRTBREF whaY e LRfeAN! hkddfadd Fpi tch magneti c
orientation rapidly when passed through a | ow frequency alternating magnetic

field (50 HzexeoPlOOerdbz eiefare bockapl ib)ariensrd netdo e crved Gopeddteey rthed
charact eri sti g,,f ¢SRAESE: M-délﬁyvaeﬁlteﬁglﬁ%g éaPMwB}}%%ﬁ%&%%h{&lgsu%Rh: s of a

detector. The sw tc% ng lfstgn(;tl on o ) asse y 1s controlled by
t he magnet i zabdakrpasted tvethofantifterrdyjagbn cwer Oiheearfides euchak ermenergibrasy " keeper

el enents. " Wien t. keeper, el tLs are netized, e .apil]j f the
mar ker to mgﬁg&el}}%gﬁﬁ/or%r&@?%%%ggsgﬁﬂ nd 1 of @T@g\%u fnﬁgie#es?eﬂbﬁ/e%ong]wwéegnagneti C
field of thethentietetogatdngnomdnerocsssal themeder randetappropeméledeatyypiadabl y is not

detected. Wepn _th keeper el.enents are de neti zed,. the marker can again
per for m i he. SUiCt e G OR e oBabI AG HE TIar g RSt e To det ect
t he presence giovidee thisugkele ad@hen keepiins of higher coercivity magnetic material in

proximity to the low coercivity magnetic material, as described below and in the

Peterson patent incorporated by reference above.

Certain magnetically-responsive elements have the ability to switch magnetic
orientation rapidly when passed through a low frequency alternating magnetic field (50
Hz to 100 KHz, for example), and to produce a predetermined charactenstic response
that may be detected by the receiving coils of a detector. The switching function of the
marker assembly is controlled by the magnetization state of the high coercive force
elements, or “keeper elements.” When these keeper elements are magnetized, the ability
of the marker to magnetically swilch back and forth within the alternating magnetic field
of the interrogation zone is altered, and the marker typically 1s not detected. When the
keeper elements are demagnetized, the marker can again perform the switching function,
enabling the interrogation source to detect the presence of the marker. The keeper

elements may be provided in different ways, as is known in the art.



el ements may be provided in different ways, as is known in the art. -7- The
mar ker assenbly may al so i nclude adhesive on one or both sides thereof, to
enabl e the marker to be bonded to a book or other article. The adhesive

| ayer(s) may be covered by a renovable liner, to prevent adhesion of the
mar ker to an unintended surface prior tajapplication to the intended
surface. These and other features of the marker assenbly are described in
the U.S. Patent NO%he?qu&Q asifmb i E?@El?{ﬁg)ncluée 283iE 1R onk Bl 84tk eMEKhdreoraRd

5,331, 313 (Koning), all 1 ncorporated by reference above. Because | ow
frequency nagnetblethelnememtsbofontd to athpple onetberditidd. clietadbasive hyerd nfay ben

detection, they may, be effectivel uged n.awde variety of .ite when
security is i%ﬁgf‘h%? fewoﬁgbgﬁléﬁef’it%ﬁfc\f%égheﬁﬁ’&\%@e é@(g{ ﬁ’v%ltuélaueé]ﬁ#‘r;eacti vat ed

nore conveni endutice prie® tPApplictiyn toandintapeniudidey Thbanndaikefesuespl Gyi ng ot her
EAS technol ogies, making themnore suitable for_use in certain_ applications
(such as |ibram%fk%f)assm@g'eﬂ% #rsebed mha bt e PretiNosi 3 790.§ Feews »-8%1 82 B. The
Radi o Fr equencgﬁ;dﬁ%%@ﬁm%hwzﬂ,@rﬁqwonﬁgj,Ql &S 0/aRA b fefBlehdaborct i ve or
passive. An active tag incorporates an additional energy source, such as a
battery, into the tag construction. This energy source permts active RFD)
tags to create and{.ransm res: I I i i wher e
the i nterrogati ng FAGRE Freiaih] hapith Hae S bR b Y ERmdy o RS
tag can be det éxtdcech, aieygnagdt effecriahgesed dowswdrvaritthef tehavhanskgpnghert |ifeti nme
of the batter, Iinitib%@e.USEful ije of thdt%g“ I n, addi tion, Jhe battery
adds to the si'Z8HHY itiog NG ARy g E ARV S BN erCh X B P FREV PR e ner gy
needed to powegonipleeety,agd fepemdin@an makes egdling thedlA S tdchadenCyakiagel d,  and
ugses that energy to transnmt response codes by nodul ating the inpedance the
ant enna pr esent&m fMre faable o8 piegy sttanrmritans (fusb e Bfanshittatihg the signa
refl ected backcQckhQicieagay d@mpenna . Thus, their range is more Ilimted.
Because passive tags are preferred for many applications, the remai nder of
the discussion will be confined to this class of tag. Those skilled in the
art, however, Wl g recooRiZs.dbal-tRESRIVE PREYPES of tags share many
features and that both can be used wth this invention. As shown in Figure
1, a passive radi o FhiBdwssseybeeibponsyae passeaet acli@e tagpicosdarates anncl udes two

conponent s: - an, JqibRA Rk fflsdutde Cibit askoaR, Al ANRLERBR: héion! AisleAgPr at ed

source permits active RFID tags to create and transmit strong response signals even in

regions where the interrogating radio frequency field is weak, and thus an active RFID
tag can be detected at greater range. However, the relatively short lifetime of the
battery limits the useful life of the tag. In addition, the battery adds to the size and cost
of the tag. A passive tag derives the energy needed to power the tag from the
interrogating radio frequency field, and uses that energy to transmit response codes by
modulating the impedance the antenna presents to the interrogating field, thereby
modulating the signal reflected back to the reader antenna . Thus, their range 1s more
limited. Because passive tags are preferred for many applications, the remainder of the
discussion will be confined to this class of tag. Those skilled in the art, however, will
recognize that these two types of tags share many features and that both can be used

with this invention.

As shown in Figure 1, a passive radio frequency-responsive element 10 typically
includes two components: an integrated circuit 12 and an antenna 14, The integrated

circuit provides the primary identification function. It includes software and curcuitry to



circuit provides the primary identification function. It includes software
and circuitry to -g- permanently store the tag identification and ot her
desirable information, interpret and process comands received fromthe
interrogation hardware, respond to requests for information by the
interrogator, and assist the hardware iné8resolving conflicts resulting from
multiple tags responding to interrogation sinultaneously. Optionally, the
integrated ci p@tﬂaﬁenmaymwmvia@ede‘noﬁcmpxdmdidﬂgzrtﬂsseammnﬁmmﬁdrpmesmremﬂ inits
menory (read/wite) as op ose&l ust reading the informtion ? (read
only). Integr BiOSEs CE'T‘?’E'EHSHEEGE’G {rawﬁe PEFogRIan P?{dWFDeWﬁP@E’r@Q‘feﬁ‘éIﬂde t hose

avai | abl e fromelaxas dyat fn%li'?%ﬁt%r aﬁdi ﬁ’ssﬁzthﬁé lﬁara-\laﬁé R r@§olvTr%95‘ohﬂ1cﬂs'r&§an§

products), Philips (in their Mfare and Htag I'ine of products),
Mot or ol a/ | ndafragm raﬂ@blﬁaagte@pcmdmg t@w@n@gﬁlonamﬁ@mv%ﬁr@mlwﬁé Wt enna geonetry

R T T
typically i nc[mdﬂwﬁte}iasptmpeseanb ann@adiguahinfsmite dut (rearondd) pbiteeraed ennas 4a

shown in Figure I A or the. f ed di oleatenns 1 attached to
the radio fre&‘ﬂ%‘l’f&?’“ﬁ@%ﬁ%ﬁ’é? \Pe@lﬁ’lné%%eﬁ nglefle t ‘PFEIQV%GW“%PYBSIQA GBBEE (or
simlar) RFl D%l;l AR Lo ISR - 1Bl h Al du QY), P?ﬁlﬂisl(maﬁﬁﬂn@@elﬂkﬁreﬁﬁd sit@pmeat t ached
to the radio frequency responsive el enment lob in Figure 2. In either ease,

the antenna 14f preustgddpwraipindalacang Singlsdibendysieanermppg oligisat ed by  an
interrogation source, This signal energy carries both power and conmands to
the tag. The antenna enabl es the RF-responsive el enent to absorb energy
sufficient to powere ankeand ooty aadhplopdrerseloyeng oo viiediesitel @peresmpingctcp be

detected. Thus, .t acLeristi of the 36 JBtehed to the
systemin whi eht'¥ P?sp?n'g'éf’ptg‘r atte Ore"lamplfehe4§§gé?%{ S'"tm‘és opers t“‘|’°r‘fg“d| n the

hi gh Mz to Gpidangeudd hdépastesttednappact Bnlic linehradimtd Bitdnsdsi4a showi ihdFignd enna
sel ected so

| ength. Typically, t ffective | 0 ntenna is

that 11 14"l otediitt B HrofiaplPerigen Ao FpRan P RAVBFRGENIST ( he

i nterrogati onerahxgmaba mlmgdrbeﬁcass SBIMHAGS sPPRH MALD gagl woulldesela@pirdi@r m d M-z
region (13.56 for re a half wavel ength antenn

i npractical d&¥ "l‘%e“§? . aff’g'lg“t"é‘flﬁ%‘ E‘O‘f‘%’éd‘iorfﬁﬂ‘l‘&t“éhfeswa?’% ‘E'@"r’i‘é&? €s are
antenna i nducFaife. anéiheN@sURDAenRf 14 HERS s AR rAdiE fréle/YNBegPiddiatdddy bot h
antenna types, good electri cal conductivity is required. Typically, netals

such as coppefim BRemoBHANARCHho GTiE S B! ereE caihigt bk H‘é‘?’eré%%’&’?ﬂ‘#démt fncl udi ng
nmagneti c net alay JWUE BnidhaRRAVIB!thONF-rapfisidd SOnak cERLaBlesrgnd & «d N fact,

power the IC chip and thereby provide the response to be detected. Thus, the
characteristics of the antenna must be matched to the system in which it is incorporated.
In the case of tags operating in the high MHz to GHz range, the most important
characteristic is the antenna length. Typically, the effective length of a dipole antenna is
selected so that it is close to a half wavelength or multiple half wavelength of the
interrogation signal. In the case of tags operating in the low to mid MHz region (13.56
MKz, for example) where a half wavelength antenna is impractical due to size
limitations, the important characteristics are antenna inductance and the number of tums
on the antenna coil. For both antenna types, good electrical conductivity 1s required.
Typically, metals such as copper or aluminum wouid be used, but other conductors,
including magnetic metals such as permalloy, are also acceptabie and are, in fact,
preferred for purposes of this invention. It is also important that the input impedance of
the selected IC chip match the impedance of the antenna for maximum energy transfer.

Additional information about antennas is known to those of ordinary skall tn the art



preferred for purposes of this invention. It is also inportant that the

i nput i npedance of the selected IC chip match the inpedance of the antenna
for maxi mum energy transfer. Additional information about antennas is known
to those of ordinary skill in the art -9- from for exanple, reference texts
such as J.D. Kraus, Antennas (2d ed. 14883%- MG aw Hill, Inc., New York). A
capacitor 16 is often included to increase the performance of the marker, as
shown i n Fi gurgord, fol BRmPRPREr¢n0¢ 1e@ suddhe N DDKeREe Mnterdnti@8 chBsepdt@taivag
frequency of the tag to a particular value. This is desirable for obtaining
maxi mum oper atHWgI“Fagﬁe Yoild i nsuri ng conpliance with regul atory

requi renments. The capacitor may either be a discrete conponent, or
integrated into the antenna as described below. In sone tag designs,
particularly tags desigred 6o dgemabdeddp inﬁeemye the ghfdrmwa@ﬁdiew,rkesweh as 2.45
GHz, a tuning ga aC| Qr t e S ected £SO t hat ,
when coupl ed @8 fe 'iglﬁ(§uc't1?‘i§1)m)a(ﬁ[(r%(lflj\l/zl5 dn 4 'j/es‘fnﬁg‘? %heo eraﬁ? Eeq'uenc nant
frequency of tieapaoaositicear \&tuEUEhlblrsej,es:ngde‘r ddyainide mdximurh cgérkting rhfge Where C
= capaci tance (i,n Farads) . nduct ance (in Henries) .closely tches the
desired operat ?fﬁgﬂwr%%!#ewsw ﬁ@“ﬁﬁrﬁ%y’ﬁ”&ﬁﬂs %’H%C@aﬁ%uf‘t%rﬁ“?figg %al so be a

di stributed capasiit eénﬁede&qﬁzbge@d Iy He Sntedi@a@BdsciIRE belbwo I8 sl Draf Tai t et
al.) and 4,578,654 (Tait et al whi ch are assigned to 3M Distributed

capacitance | sdesigas pRrisbler Iytt@gsrd@agr@étq aRpraie peverygusht frequensiesysuehasckess, and to
mnimze ”a”“abflﬂsastﬁﬂﬂé)!api&{%r QRGT t% L, RS g&%?:s sge&cg%r fRat wh&ﬂ%uél@@“ 0

frequency responsi ve terrogat y an S security system 100,
which is typi cta:lthg/mﬂmmcentowéaibytthfearpmnnttheartesonv\m|fchuctnh3eoft‘tagsorawceltet o0 be

npnit ored. An % te'rer%g,%“))pn zone may be established by placing spaced
detection panel’s acr he exits fromthe roomln whi ch the tagged

articles are | ocated, near a conveyor carr ens to be nonitored, or the
i ke. Hand hel d detection devices may A (y ed. An interrogation source
102 (typically

where
C = capacitance (in Farads)

L = inductance (in Henries)

closely matches the desired operating frequency of the RFID system. The capacitor may
also be a distributed capacitor as described in U.S. Patent Nos. 4,598,276 (Tait et al.)
and 4,578,654 (Tait et al.), which are assigned to 3JM. Distributed capacitance is

desirable to reduce tag size, particularly thickness, and to minimize manual assembly.

In operation, as shown in Figure 4, the radio frequency-responsive tag 110 is
interrogated by an EAS security system 100, which is typically located near the point at
which the tags are to be monitored. An interrogation zone may be established by
placing spaced detection panels across the exits from the room in which the tagged
articles are located, near a conveyor carrying items to be monitored, or the like. Hand
held detection devices may also be used. An interrogation source 102 (typically
including a drive oscillator and an amplifier) is coupled to an antenna 104 (sometimes
described as a field coil) for transmitting an alternating radio frequency field, or

interrogation signal, in the interrogation zone. The system 100 also includes an antenna



including a drive oscillator and an anplifier) is coupled to an antenna 104
(sonmetines described as a field coil) for transmtting an alternating radio
frequency field, or interrogation signal, in the interrogation zone. The
system 100 al so includes an antenna -10- for receiving a signal (shown as
antenna 104, and sonetines descri bed as-&-receiving coil) and detector 106
for processing signals produced by tags in the interrogation zone. The

i nt errogat i onfoscenéiciag 2Q2nd! (shnsimiat snierna il 0, @nd agatimendathrdbs 2@&0vindii ch may

be sel ected mﬁtpin ertaHn Fnomn frequenc angg t hat Ene referred because
Chey do not  §ot B aes!i D6 o8 prers iag SR POTES Daitel BERHTEEORIEY “Mmpl y wi th
appl i cabl e governnent regul ations. When the radi o frequency-responsive

el enent receives an interrogation signal it transmts its own response code
signal 202 that i stheegeresedohspurdsd 03 treesrvia an Derogripnisigan SADtwieeh 4y det ect or

O ot e et ! YR SRR AN SSAOASEroy BRI LE Bedifta bR (NMIGRL | v, Pased
on information stored i n a conputer "or bther men y devi ce ¥0 , and takes
action based ioterfedaevidodber spginationsahe bécatke (Mgrchopls withdhippliceldt porsinaht t he

illustrated system a known,.to those of skill in the art including, for
ol & uei et tEs abger B VB Bt e P e G SL RS and ¢ he

detector 106 dighabit Be@ndHs its HRn PdspeHs€coRRzRNNB2 HAdis tdrabed 1§ thé hitsdns ad0ed. Modern
RFID tags al so provide significant amounts of user accessible menory,

soneti mes in AHETANBRIHEGIC deleaigr Aty Thredeiseipr Bpcodisitheteenpats. idemficythe g~ mor e
preferabl y  Offeningyki6; HEEhaldS ARl histighOe! BREAT G- URdRl Rishheg TeTOr Y by

rewmriting its contents froma distance. The anount of rmenory provided can

vary, and i nflakesncewn hdswed @ithecaiedignddstiected. Yaeus mpdifrapedofche iustetegor ti on of

an RFID tag. ' | its. . 512 bits of t |, .menory can

e pr ovi dod eVSSBaR TS HIRE A Bl i Ble RE bR, Plad S P To s

| nst runment s odntddadsl fasihe Teoagatiamserce tl ikardabd dpnatdrdA6 Tlidage iof the sipglovi des 256

bits of user %{o gi nb Nenory in addition to 128 bits of nenory reserved
L /

. ten atI i€l . . ;
for itens such as uni que tag serial nunber, version and manufacturing

information, and the like. Simlarly, an RPID tag avail able from Philips
Sem conductors  of ﬁ%gdgfﬁgn)%%bthetlangs undertthF desi%n tion °1-Code"
provi des 384 bits 6P BRHETAP AT EB e N 22U YEOHET 58" BI°Ds r eser ved
for the afor eygenrtineniadhd pPes! @fd-ohif memo@tor Ofie-dite SnetBBl, bRGERS picbdrablymenory
may be exploiH;d tq]enhapcg.the perfO{nance of an o

offering the user the ability to repeatedly update the memory by rewriting its contents
from a distance. The amount of memory provided can vary, and influences the size and
cost of the integrated circuit portion of an RFID tag. Typically, between 128 bits and
512 bits of total memory can be provided economically. For example an RFID tag
available from Texas Instruments of Dallas, Texas, under the designation “Tag-1t”
provides 256 bits of user programmable memory in addition to 128 bits of memory
reserved for items such as the unique tag serial number, version and manufactuning
information, and the like. Similarly, an RFID tag available from Philips Semiconductors
of Eindhoven, Netherlands, under the designation “I-Code” provides 384 bits of user

memory along with an additional 128 bits reserved for the aforementioned types of

information.

This user accessible memory may be exploited to enhance the performance of an
item identification system depioyed, for example, in a library environment. Presently,
libraries identify items by scanning an optical barcode. The unique identifier contained

in this barcode is used to access a circulation database including software provided by



itemidentification system deployed, for exanple, in a library environnent.
Presently, libraries identify itens by scanning an optical barcode. The

uni que identifier contained in this barcode is used to access a circulation
dat abase i ncluding software provided by library automati on vendors (LAV
software), where nore extensive informati,Qn about the itemis permanently
mai ntai ned. While this system has been highly devel oped and works very well
in many applications, it may have t di sadvantages. First, a. cpnnection to
the circulatio r%t‘"&ﬁ%%"%f‘“ﬁﬁ%&f% af‘ih‘@‘bﬂ‘f PO EEEEEV G O THICB AR on.

This linits thgeqvaid RBhhdehty Ahinfbi. VKR ABL AR MIBRerdfghly ®@Atibfedahd a

| ocation renmbte froma connection to this database. Second, the retrieval

of i nformati onwhrksmery el &t man arplicovpns,damatbey e teadisasorpigeheldst.@qui re an
unacceptably | | rihc i | f - By
storing certai g&‘g?c‘ﬁl# riqr?atlhp?ltréél}rag“h? gl%%?egw&??%sﬁﬁg%ggﬁoegﬁﬁ {%f} %’%ﬁ‘g?'h of

t hese |imtati Ohslimisnhdevaitelitg ofrie infmeatewanhen aémiisdt alovatiororsmedziicim £oul d

i nprove the performance, of, a |ibgar identification.systemif present on
the RFID tag | FERIFONGUING BEbHeT PPL (PeiraRtal Pl ERrT e TeuhBer e HaR, i ¢ hout
accessing a dagafasean &métin@Br&uirhMRacckpBialang ¢iokdl Shrir@lapyidGHl gperiadichf
conveniently determ ned by sinply scanning the RFID | abel . Another exanple
of informati oheaw'é‘F-eB&lﬂo)’/‘“%F%gaéTﬁ”“%“%{ﬁs PripTRaygn P 81N TRdRE 80B@f a code
designating Whelghiaddi chl &MWASHA book, a video tape, an audio tape, a CD,
or sone other 1tem This code could, for exanple, conprise the nmedia type
code specified in the 3M Standard | nterchange Protocol, which is avail able
fromthe assignee ol tDgmAL 8BRRmatl UGN LON: B ol SHEALAL LY KPOWOG t he
nmedia type, a library's ferial rranagerrenlf sys\fems coul'd Thsure’that an

i ttem was bei ngidapiicaiph isgdteh if ppet es se dFD taadut!f ivagd be b figrantibetifiakiay and

i nconveni ence of .consulting a remote circul ati on, datahase. er . exanples
of Lt of rmt § onmUHiFL aBieB. ¥ HEEP B R SETBR FAten e Hao R DA T i
apparent to th@senekiehthedbidrided By ahply sARQENSE RFTS Babkin AN exRmbl oSy St €N

of fer an advant ?ge over barcode-based _systens is in the identification of
mul ti pl e items™aRR8PHIeTaRpRTCETY eht'dtF DGR hsH evould ReGroofh s I8 toBD r eader s

and nmarkers co@p&reatR ifeth WRSWoBK Ao Blpk. dnl88B 1h 2, § BO HERARMMRT item.
interrogation zone are successfully identified without intervention by the

operator. ThisThigegdappyld+fr enaplecsmphe levetivpiemdcopeisrer basMusef ul -
appl i cations i g,id&t BfefdanRIProloBY QLAY 2208 Bdm tel803del BEHE Plsenfind sOrting
that would be difficult of inpossible to

invention. By immediately knowing the media type, a library’s material management

systems could insure that an item was being appropriately processed without incurring

the delay and inconvemence of consulling a remote circulation database. Other

examples of information suitabie for incorporation into the RFID label will be apparent

to those slolled in the art.

Another area in which RFID systems offer an advantage over barcode-based
systems is in the identification of multiple items. By using sophisticated software
algorithms, RFID readers and markers cooperate to insure that all items in the reader's
interrogation zone are successfully identified without intervention by the operator. This
capability enables the development of numerous useful applications in the areas of
inventory control, item tracking, and sorting that would be difficult of impossible to

implement with barcode-based identification systems.



i npl ement with barcode-based identification systens. -12- C. The Conbi nation
Tae As shown in Figures 3 and 5 through 8, the conbination tag 20 conbi nes a
magneti cal | y-responsi ve el ement with an RF-responsive el enent to Provide the
advant ages of both. Thus, the two el ements can be applied to an item of
interest at the same time, thereby reduci®hg cost. The conbination tag may

be provided with a gressure_ sensitive adhesive covered by a renovable

| i ner, which enabl C ingaflemn tag to be adhered to a surface of the

article when the lije n d. | not - [ the tag
Jhouﬁ‘gn ﬁg&‘res § SN Bfugn B o %nl%fr{auor‘?&?gﬁ cgrﬁdg.’ies a

uses the magneticall'y-responsSive el enent "as an ant enna radi o
f requency- r espasigievaiigrerentve elEhentmagnatircabdoysiveespams iongoeteahent , when used

as an antenna, is electrica oupled to the radi o frequency-responsi ve
el ement, and r?é‘)‘/a'?t?ﬁ“ Hgéo‘ﬁoH“!ﬂ @8 “g cifR5e ?f‘éfgf’ 9""@6‘&9 Bé‘dgf“oor}f‘%eé“‘s? S‘E‘g%
frequency-respapsisug, ﬁ%geembrducﬂg&s@omzlcte%ah%n&aaggnmepr@%@rvglgla%résm he

present invention may be "interrogated two ways. First, the R
i nterrogation ssaui\ecadhgiivedoypsed byaecnemovqbéeqmernwﬁch giablsaths copbipgigneagtto dnd

recei ve codes f [ ' ity I S..I [ Id indicate,
for exanpl e, ﬁggai@%ke&r‘fﬂ@%gg{@%%@%g@% P?%Imesso\%nérp{?wv?hq?ag hlﬂt %Pek’ ag is
associ ated, amtodimetmhehe kheseatieincdgectvaly-oensigreipent 35 proeesdadhe Second, a

magneti c int erroe et er mi ne whet her

tion field wuld.interrogate the ta 0
the magnet | ¢ BORERSALGFY THE P Rrens doE by ul Aok OE < PprhEh Btk o

assenbly was astansetentd)& deatresihyogagied (5olddic g eyrdtydresfynoidelclemdan, 2686 panse,
such as a notificationI %Tgat th@l mar ked arti I? had not been e(_Er){{i‘_({?tperly
processed. BecHUR® NohASpRGAEFEY cAY Prdr'83]§‘trf* P IFPLeRyFESROBE Y& ‘to shielding

than the radio frequency interrogation, the nagnetic portion of the
conbi nation tag would provide enhanced security. Thus, the features of both
magneti c and RFD) tRY<oap@ationgahmpieCrHEins & s prgicat @vrbPhari¥n tag. In a

preferred enbagichBRited LREWSRTRI-AAKL RPTS ag:nioH&ﬂoHQ&ﬁc@wmuﬁtrM@bé@a@w
responsi ve el enent that also functions as the antenna in the circuitry of

the radio fredfrelidy reuspanbsicrivedodendmm T piegesdecingut hTHiumErnyios, woule
antenna mat er gk fIUSh: ex&%le ik ideﬂmcmrb?pi GrfcRELR! WAL 8 DY i VRLkiaflagh
magnetic perneabili'ty (to serve as an e fi'ci ent security eTement , and
noder at e t o hiagd vdieter theeaicleden desotprapietly protesselufetdnde magnegmntefrégatipent

antenna). In atﬂ:% %&Bum&ﬂ?gd&‘%%"ﬁ& Ifcydc(?grnﬁng%vh@lﬂgrqn@%aéﬂéﬁé p&ﬁoncm%jir?ére Wi th

assembly was active. If the marker assembly was active, the interrogation source would
produce a response, such as a notification that the marked article had not been properly
processed. Because the magnetic interrogation is more resistant to shielding than the
radio frequency interrogation, the magnetic portion of the combination tag would
provide enhanced security. Thus, the features of both magnretic and RFID tags are

( combined into a single combination tag,

In a preferred embodiment, the combination tag includes a magnetically-
responsive element that also functions as the antenna in the circuitry of the radio
frequency-responsive element. To serve both functions, the antenna material must
exhibit low magnetic coercivity and very high magnetic permeability (to serve as an
efficient security element), and moderate to high electrical conductivity (to function as
an efficient antenna). In addition, the geometry of the antenna must be compatible with
both functions. In this embodiment, the antenna could, for exampie, be fabnicated from

permalloy, an alloy of nickel and iron.



both functions. In this enbodi nent, the antenna could, for exanple, be
fabricated from pernalloy, an alloy of nickel and iron. In one enbodi nent,
a 3M"Tattl e-Tape" brand security strip, or other equivalent magnetic

el enent, may be used as a linear dipole antenna to operate at 2.45 GHz or a
simlar high frequency. The length, wdth and t hi ckness of this strip are
sel ected to match the particul ar operating frequency and ot her
characteristics of the RF1D chip used. Typically, the strip would be nade
frompermall oy (available froma nunber of sources including Carpenter
Specialty Alloys, ReasikBgbodifent WG TANE The@een antinBurit Jl—y:wwo)heor an

anor phous alloy such as that available fromthe AlliedSignal any of
Morri st own, NYEquiMsEar megieliciiamenh atay Of useros Mingan dipple aniEa de ACSARE F@D

bet ween 6. 35 af 6: , f ..t he
integrated ci rcﬁiljt]Oqs \%o"ﬁmd %heé?o g’g TF? %Hégﬁﬁ)é[gtaggﬁ‘t%ﬁ{s eﬂg#r'? gfﬁoafréthe
security stri pseleEteécD matghlthempasukementisg Frocﬁuenwmdaﬁcechawdtcpmnepf @ai n have
established th i C.SLII t he A0 t al

el ectrical chat ?%%efjgg%'cat”f" 18° 3 Q@@d em§ Efn‘?m 8‘3””‘5@%‘3%‘%‘3@'?5%&

normal | y used Wrmh:rsﬂfdmcas ehuging amﬁeﬁth@emhy\wmlyd Regdigx pacitreldr the typéy f or m

both functions torily. he nagn tical|y-res enent is
used as at | ea’%z’cmepé'kﬁm@% X958 ARPR ?fé?ah?)b?“c? Pret ?‘é‘d?‘lﬂLFff@ﬁ‘dgﬁé@ %{@%fﬁl)nsi ve

el ement, the tgBmpi® &mﬁémwwy uR @ Pl el sif RiBRETDSMOLREIKs ledgieGbil Gl
coupllng may occur because of a physical connection between multiple

el ements (as shrween h3 FgUee ) (2-5omd 6 inghee. dbs ieppisalpd! the Wiapeatedagircuit

connectl on, byWBQlB‘begaf?yrHcho%ﬁ‘eEG&ﬂ@%ﬂ&‘s"df%e‘&@é&% B%Jﬂgp @@ctﬁ&??ﬁ@ashﬁm@h@ures 6,
7,0 and 8). Non-contact’ coupling can include parasitic coupling, capacitive

coupl ing, or ieldopedanes vGwplemggn andestapieed thehsuaing enamuwnp@rcefrﬁesthas
parasitic ante '&%fﬁk&ﬁ?&%&iec&%@'C%Erﬁé%éns% g, egﬁ%e?"ror alnfxﬁltnglqrbﬂ%}’!e @i asUda
ant ennas or Sul

: I'e “ant enna. conf igura e conbl nation tag
shown in Figur mrﬁlallﬁasledldas sgabi al chipparashusadeodid baepagaiat iperformelicel fattionThe t ag
could be, for ex le, a 13.56 Mz tag having an antenna structure such as
l4c in which 128 Wectors are provided at the conmers to inprove the
magneti c function of the tag. OQher types of flux coIIectors may be

provi ded. The conbi on ta’}(;zF Q shown. in Fi ureg | udes ? physi cal
connection between EH‘P% HEE g 5esPOISIVE FieME™ Hhithe ﬁffa‘ Jmet cE 4P Bs ponsi ve

material, and fdaehe railib GG REGCresioh&Ll dlerdedt, tHNG0QFe dmrr@aﬂy&@pﬁred &) @pents or the
type descri bed above al so
other. Electrical coupling may occur because of a physical connection between multiple
elements (as shown in Figure 5), or, in the absence of a physical connection, by non-
contact electromagnetic coupling (as shown in Figures 6, 7, and 8). Non-contact
coupling can include parasitic coupling, capacitive coupling, or inductive couphing, and
{ use such antenna components as parasitic antenna elements, reflector and director

antennas, Yagi-Uda antennas, or other suitable antenna configurations.

The combination tag shown in Figure 3 includes coil tums made from magnetic
material. The tag could be, for example, a 13.56 MHz tag having an antenna structure
such as 14c in which flux collectors are provided at the comners to improve the magnetic

function of the tag. Other types of flux collectors may be provided.

The combination tag 20 shown in Figure 5 includes a physical connection
between the antenna 22, which is made of magnetically-responsive material, and the

integrated circuit 12. One or more keeper elements or the type described above also



-14- may be applied to the nmagnetically-responsive material, so that it may
be selectively activated and deactivated to provide a dual status tag. The
antenna 22a shown in Figure 6, however, is not physically connected to the
integrated circuit 12 or the dipole antenna 23, but is nonetheless

el ectrically coupled to the dipole antenh& by parasitic dipole coupling to
provide a conbination tag 20a. The di pole antenna 23 may conprise either
magnet i cal | y- rag ponsilive 101t efapakicaly- ra@ﬁlnsrmgrwatnialcai thyt it espeeienevelyat eri al .
Figures 7 and 8 |IIus$rate enbodi nents i n which pore than one an%enna 22 is
provided to ePERPER @AY ARCHIfS 8 Pwvtdﬁaa?Hf'éﬁHé§3823T6‘eéﬁ‘a“f2ﬂ3’€aS*Pé”é‘ﬁ% & Fely. In
the conbi nat isOpuedst, %%t Erks@mylcamléagmcemz,meg%&m,%a@qh 61 thE libble Ak ehmic| udes
di pol e antenna 23b, arasitically coupled to antennas 22b.

Ant ennas 22b 33émnﬁd@n@ﬁdﬂﬁﬁ@ﬁéﬁmba@ﬂwﬂﬂeﬂde@kV@hHQRhwﬁ%%ﬂUCéWGkantenna(s)
23b may be ma [ & tion tag
20c shown in %ﬁ %HQQQQEégg$ly?m$ﬁﬁgggg-¥#%£%%n%¥%%ae#Hh%aﬁmﬁggg}gﬁtype
shown i n Fi guragiticdlypasmssitd matday oedcactaohaakilyregoapledattdel. ant ennas 22c.
Ant ennas 22c are nade of magnetically-responsive material, and antenna(s)
23c may be made of magnetically-responsive material. Qther variations of
these embodi ments gpEre€ashd ¥ 0G5 ORRdimENR iPWBERMbre tRiCdaa@asnaf22tihe

conbi nation tag should be as small as possible, to enable the tag to be

i nconspi cuous Pievisedteeedncaly couplearithantanpgsd b Pt 236scarRsriaelyt hetheag may be
applied with agheslig t%%mm AT BADF S ygr ad QR;%W?@%E dibcte fRSnsabl e to
make the tag thin eno to preveht €as etec I on serving the end of
t he book. Coﬁi’ﬂemlﬁabnabarh@ssahmoutded aapqmtmmasr?ﬁbehytemaszhmnémawoﬁ n) thick, and

the overall thickn a refe €3S yhap 0 635, mn (0,025
in). The conblnﬁf?B%F Sém%¥eT%F%[|nvéHnna eeﬁ?%v o anFthéuoll form to

enable the alntis{)diml\/ed"tamqudntﬂhea:lomalpﬁlidnaa; Iamh@fm unrfmguve guakdid gguebey-arti cl es.

Thi s general stem i r exanpl e,. Publ.i cation No. WO

07 36970 ( DeVATEoTBTe Smp S 7 Hh OB ARCRGHUFUGECGHLY SPARIE sur f aces

of which may beesayeredanynnan22cathesde\wE nagidiballasesgoidhe@ sifanel, sensi ti ve

adhesi ve), may be ved fro e roll and applied between two ges of a
(5 A5 P b op i

book, near |t§mﬂWﬁ Pagfibralliasresve BRERY dH T 327248 ¢ at e

insertion of ihe GHAIMGEI DOedRAlesigt@ Ot her options such as sensors to
detect the position of various conmponents in the systemmay al so be

provi ded.

The overall thickness of the combination tag should be as small as possible, to
enable the tag to be inconspicuously placed on or in an articie. For example, the tag
may be applied with adhesive between the pages of a book, and it 1s desirable to make
the tag thin enough to prevent easy detection by abserving the end of the book.
Conventional 1Cs may be approximately 0.5 mm {0.02 in) thick, and the overall

thickness of the tag is preferably less than 0 635 mm (0.025 in).

The combination tags of this invention may be provided in roll form, to enable
the automated sequential application of individual tags to articles. This general system is
described in, for example, PCT Publication No. W0 97/36270 (DeVale et al.).
Individual combination tags, one or more surfaces of which may be covered by an
adhesive (such as a pressure sensitive adhesive), may be removed from the roll and
applied between two pages of 2 book, near its binding, A page spreader may be
provided to facilitate insertion of the combination tag, and other options such as sensors

to detect the position of various components ir: the system may also be provided.



_15- The conbination tag is believed to have particul ar, although not
exclusive, use in the processing of library materials. Library materials
having an RFID tag of this type could be checked in and out nore easily,
per haps w t hout human assi stance. That is, the materials would
automatically be checked out to a particdbar patron (who may herself have
an RFID tag associated with her library card) when the patron passes through
a suitable detection zone, and checked back in when the patron re-enters
the library with the materials. The tag of the invention may al so assi-st in
i nventory managenmentie AHHCINIRAIARSE BelicyRyl 1 amsIPRIGYRT BYhavgh Bt R eYs BiedP s to
keep track of i.a } u : i Thes d ot her
features of thtg@ F%\%éesglk)? 8%%%%%%? g@'o?r%@%%é“@@%&%ﬁ? Qﬁméaga#%ﬁﬁ t her

appl i cations, ubtibeasedvedt ierhdbs rixandisiygeihmpsstitoeshunwaredrarse sThaardthe he (

i ke. I n another enbodinent, the conbination tag coul vi de dual.- st at us
mar ker i nf or fBYFEH BOY a%‘ﬂ?%ﬁ&ﬁ%%ﬁ%‘ﬁ@??@"P@%%Burq]asr aﬁ?'ﬁé?’coa'f‘?yn}bﬂefet her the
rragng_t [ c]c f eat Ua@&an RFIIL th@ais@i(jgl&ﬁdilbﬁ@ﬂibﬁ% dﬁv@tveﬁn mﬁ pdeacpds?aamedag}mq t hr ough
a radi o frequency respaonse i ndi cating, through the use o ropriate

sof tware, whetWERDIS FreccHaR 29538 SPeckpOIkrisniey twafrﬁﬁfm‘%s&fﬁﬁ*gpwwrf showed
that the itemhag.RRan "@}Qﬁﬁé)@frth@?n@!:rﬁ(ioﬁHﬁfﬂ?&%@i}t-in%@nt&@'rﬁrﬁ%%éﬂrﬂ:n%@' es
provide still further information as to the tags used in the enbodi nents of
the invention aelsss ibbetkbling [Bewy pdminbiatonéd kesr tExapphac@irdnpancowpisianion t ag
was nmade in accarl ' t I t o0V I ip
produced from %ﬂ'@ﬂggyﬂaﬁ%ﬁﬂd%l@ f%?%%‘]tf He% 1@&%@%3’?%2‘%&%% (l%'g}gég& Br poration
of Readi ng, Pemasyl athetizapligntttes, subieasdes erghabnding inHydévb8 Varehassegtabdidieed to a
test fixture n@réuf actured by Single Chip Systens (SCS) of San Diego,
California. The " strip neasured approximately 1.6 mm (0.625 in) w de by
0.0254 mm (0.001 in) thick by 10.16 cm (4 in) long. The test fixture

consi sted of a standard SCS 2. .45 Ca)—iz (g&t,enna connect d tg an LED di ode. The
devi ce was desi gned® &R EPOUPBI P ERTHRR P g Coulg Brovideuglsi Y " Yng enough
to power a typhlahat@edofRithibugitgmkdiRtd EEponeUtmdicaliWhetRF éintighgicdtatiregTedi at e
visible confirmation of the proper operation of the power- receiving portion
of the devi ce.ofthfods Pedhtesictiyateher dravaiss pndesouahantia fRRtaRcy 1Keranis-

(indicating, through the use of appropriate software, whether the database or the

memory on the RFID chip itself showed that the item had been appropriately processed).

The following Examples provide stitl further information as to the tags used in

the embodiments of the invention described in Section 11, below.

Example One

A combination tag was made in accordance with the present invention. A
permalloy strip produced from an alloy available from the Carpenter Technology
Corporation of Reading, Pennsylvania under the designation “HyMu80" was attached to
a test fixture manufactured by Single Chip Systems (SCS) of San Diego, Califorrua. The
strip measured approximately 1.6 mm (0.625 in) wide by 0.0254 mm (0.001 n) thuck by
10.16 cm (4 in) long. The test fixture consisted of a standard SCS 2.45 GHz antenna
connected to an LED diode.  The device was designed so that upon exposure to a 2.45
GHz field strong enough to power a typical SCS RFID tag the LED would giow,
providing an immediate visible conftrmation of the proper operation of the power-

receiving portion of the device. Upon replacing the standard SCS antenna with the



prototype permal |l oy antenna, the LED illum nated at approxi mately the sane
field strength, confirmng the successful operation of the prototype.
Exanple Two Figure 3 illustrates another enbodi nent of an antenna that is
believed useful with a 13.56 Mz RFID design. At this frequency, a

coil -type antenna geonetry is preferred.-16The spiral turns conprising the
coil are fornmed froma magnetic alloy such as permall oy, either by etching
(physi cal or ohggisapermaltby@nehid tHRLEDONuHRRGS hitdpPrdxInkbih G sandmuk. The
straight "armi portions of the coil serve also as the nagnetically

responsi ve el &ignsths corfirmingithe Yeseh G op¢avmadithe grpi@tipeduced | ength of these
netallic elenents in this geonetry |imts the effectiveness of the magnetic
security portion of the device, In the enbodi nent shown in Figure 3, flux
col l ecti on el &vemgls Tpoovi ded at the corners have been added to the antenna

coil to overcone this_ lLimtation. The construction shown.in Figure 3 would,
preferably, incl 5”836155{15%{?? Wﬂﬁéeftﬁ?‘ﬁém’%gf 3 aﬁ@%'?‘ﬁtéﬁge%vetdd‘ﬁ@gt‘ﬂ@a
operating frequepeyHARFING@sAt ANNd FeQuidde PoRSFleiBRHANd ROREPEYdf@RA.
frequency. The characteristics of the antenna described in this exanple were

conpar ed wi t h The prirabgissemansing jhe soilae [anmomhiram e srgagsiclaley sugirerrdigtiency

i ntegrated ci g ‘ F ac LStk L , 1t is
el  oved t hat e R e BRE R FET Y Geh O BB b TR Bl B I i sueh
an appl i cat i ontraifhéamityodiore nf e ofil ehe apsp es ewrtmagmyesityi responkesciemsats irbel ow nmay

use either a tag, havi only an REILD el enent, or a combination tag, both of
which are desdbr e abage e Ya Med iteft e o thie SeFRLein T BURHIT on A RFI D
Devi ce wi t h Mignetheefeapatesd osftthesagnBecatsey Ritibh bags demeg. bewthshi el ded ei t her
intentionally or unintentionall a . librar atron, it is often inportant
o provi de. betRorETaR R b e tellrtst Cahain it PreSTSSHEA |1 brary
(rjrat feri al , prefbednaiabiad t@ﬁhet dvgenfi OF tB@Qerc?M@ih}stlilﬂfli‘[aﬁ@Qnl_&feicﬁnsér%aﬁ:i(&jll’sh%\yn iel ement OIi S
ual status, aning that it may be selectively activated an eacti vat ed,
its status i sgf% %%P‘v*gfp REFERBE By e taP Bl S PABIWHY SFsCEPIgAEEie fiel d to

that el ement opdlagipetdodaic) OMheRMERL1ODS phdedbedtudritipggidlAv@ueey ef f ect on
library materials such -17- as books and magazi nes, but can have harnf ul

effects on magnetically-recorded nedia. The inventive RFID device with
magnetic capabil it rRScraflMEsicsYEMe BLARL QR LR LI &BhYle were compared with

the characteristics of known antennas for radio (requency integrated circuits, and
because those characteristics were sunilar, it is believed that the antenna of this example

would function adequately in such an application

The embodiments of the present invention described below may use either a tag

having only an RFID element, or a combination tag, both of which are descnbed above.

IL Embodiments of the Present Invention

Al RFID Device with Magnetic Capabilities.

Because RFID tags may be shielded either intentionally or unintentionally by a
library patron, it is often tmportant to provide both RFID and magnetic security
elements in the tagged library material, preferably on the same tag. When the magnetic
secunty element is dual status, meaning that it may be selectively activated and
deactivated, its status is typically changed by the application of a magnetic field to that

element. Magnetization operations such as this have no effect on library matenals such



e —

wi t hout any invol venent by library staff nmenbers. As shown in Figure 9, an
RFI D device is equipped to read information froman RFID tag on an item
such as a patron card, book, or other nmaterial. Preferably, the information
read fromthe RFID tag includes a designation of nedia type (rmagnetic,

print, or optical, for exanple), which cap, be used to insure the proper
subsequent processing of the item The D device is al so equi pped with a

devi ce, such as th coi | ned to.e t he actlva

deactivation of® b[OHE s g ey S‘/esg‘f gﬁ%h}favﬁo‘?rt@ gﬁﬁ%fs on Iﬂa@"ﬂfca rec‘}lgeﬂd?“fde‘? t he

RFI D devi ce repgsinidaevdRFID daBe uﬁth@ra@ﬁéﬂc&@pabi]:ﬂﬂ%mvb&lkhﬁrobieﬁhﬁnp(referably
identification information to a conputer having software provided by a
library aut onﬁﬁﬁ’%a%ﬁ%}‘em%‘rbyﬂwryNﬁgﬁ&mé‘“ﬁbrOX| mately SO current LAV
software systenms are "Dynix," which is available fromAmeritech Library
Servi ces of Provo, Utah, " Carl ILS" which is available from CARL

Cor por at i on of Demsehpwm foguael 8, andiFd D deres 18 equigried o iegd ferinkedsl feort fliom DRA,  of
St. Louis, a nunb ha tr formation
obt ai ned from gﬁﬁ%‘ﬁ? 9" a? é‘em’t%eﬁﬁ $ HARY" §ar§‘tbeow'{j1 Ofe b maﬁadamﬁt&‘o szy lEI};S):I ng the
conmands i npl exﬂﬁ)lﬂrhaibrﬂrﬂadihﬂn BMRFQDaxgjmlddels ﬂﬁéﬁighhmgﬁrﬁrdmtgmcﬂnagrﬁhp) Anot her

Iectro ic ice known as to transmt the
i nformation asP gtOPB? JPrREeRReF [ngfy é%%ﬁf%‘ﬁﬂ‘%éﬁt eB%?lp gﬂ%”g‘f?&hner These
and ot her techpbeiiass 8f tBe Wah | THIOMD dQick RQRE e&dsp,iehezﬂmlaruem@ sidhlas thd N this
manner, the | D conponent of the RED device perfornms the functions
formerly perf of@qwledjestgyechw Wpitls dapcvanotyddeasuine of thaiteRbResY PaTEg Hot
continue to  bg ;@ﬁ‘i’ oM Adl; HRR BV GiEe reIEE‘{ﬁ e REITP % dh@éevﬂ:%%a QYRS O use
their existing £ oftwar e systemintertraces and termnals while enjoying
t he added funcrﬂﬂmﬁa:htmynfam@tlorﬁ Eaawmmtqmmmmgzheﬂwbvy pRF»thdtbg@hhr@hogy The RFID

devt oo need noby A5, O PRl S, SEPEIRL Py Btk 1 1

Optionally, a 4k szpyraay whﬂth@tmarabfeéeﬁbamkntﬁeahmm:mwbrevm ﬂ.ﬁh}udéd‘ll n the
RFI D device as_anp I n devi ces ot h nd opti cal
bar code readi M 3 %fb?‘l“’a ‘i%gesfp ﬁé%gegf?re‘ga“oé’ﬁ eﬂ""beéc‘g‘%la‘g" ! I?Fg}fgl e library
materi al s tagg\eﬁicmstahaaii’&e&“r@@a&)m,adfsm.qctﬁjrsl ghedsi, or both. 18 In operation,
t he device would process an itemfor check-in by scanning for an RFID tag,

a barcode, or both, retrieving the itemidentification code and, preferably,
the nedi a There are a number of ways to transmit the information obtained from an RFID

tag to the LAV system. One would involve using the commands implemented in the 3M
Standard Interchange Protocol (SIP). Another would involve using an electronic device
known as a “wedge” to transmit the information as if it originated from a conventional
barcode scanner. These and other techniques are well-known to those skilied in the art.
In this manner, the RFID component of the RFID device performs the functions
formerly performed by an optical bar-code scanner, which may or may not continue to
be used with the device. Thus, libraries may continue to use their existing LAV
software system interfaces and terminals while enjoying the added functionality and
features provided by RFID technology. The RFID device need not include a display if it
would cooperate with an existing LAV software system display to provide feedback to
the operator. Optionally, a display and other feedback mechanisms may be included in

the RFID device as an integrated package.

In devices having both RF and optical bar code reading capabilities, the device

should be able to handle library materials tagged with RF tags, bar code labels, or both.



type fromone or both of these tags, and passing this information on to the
LAV software system Wen the device includes both an RFLD system and an
optical bar code scanning system the device may al so be used to create
RFD) tags for nedia that is only bar-coded. First, the bar code woul d be
scanned, and then the identifier (or an ‘D code associated with that
identifier, depending on systemdesign) would be witten to (recorded onto)
the RFID tag 3P epeiatdnt he deververdd rocesyaegsfonediainty seanging (gt Psel ect ed

information r I - AtIVE,, di a.
The. RED tag coirat Ao b st N o TR b, e ed™ e
present i nventymarfrqm efesr abihyof #esotage arfdqresmg tBimafdrthatianesenshe L4Vng and

desensitizing of the magnetic security el emen ttached to libyar

T or 8l 5 VSRRVHE ST S S Ehakier B 2] KuRG ST GHiop SPUfAbbe cbde

i dentificati ORcanhidh @yt itiRteli@e MBFalleAY LSQS th WA e RITDRads AN Hafid arigoRan be
programmed to respond w th an indication of the type of library materi al

wi th which thdarmded t Bigst,the bis sodd waukdbe scanped, ljed thap/the fepier éorraedBeREs with an

| ndi cation t hat.tiRq LAdIRE JRIRE | R) ngiﬁ%g,gg{%m [{1959)&9@1 WHuéh gpeci al i zed

magneti zati on operation is require I'ca recorded nedi a,
typically), tleaotibdordeMmheBFEargaohg wal ethemlaya, tuee asyedietypt laad otper f or ns t hat
operation. For_example, if the V sof.tware indicates that the RFID tag is
Sbsoci ated | weercahRrarisas BsbEem AR e BRI e Relkedbit by
t he requesti NRHBLEDIDLIC théret :ppedn@gB@thzat i on system nay be activated to
deactivate the magnetic el enent associated with that book. However, if the
LAV software indicates that an RFID tag is associated with a video tape,
for exanpl e, thenTge RFfY RVREbS IBIRGN EadliONp SRS ARY S “@aitvated to
deactivate the magnetic security el enent associated with that video tape.
Thi's di f f er entTeStRYRLI P4 LPsERFEABIE HE Maghrtic seppBIlneements pitackadsl brary weaker
magneti c fiel gnynQlsa virefhid &ORE FARdnd RFIDNG, LEAFAGmitnd REnddtiRAi ate vicinity
of the security elenent, so as to prevent damage to the nagnetic nedia
i tsel f, dependipgnasnn tchibe HéVaiofteerechak A¥tseltwat cashe pofgrathmed wonastiony t ags i n
use. Dependi ng, .qn .t i i - he . [ } m ght
"ol ude i bt Al B PLpORRLAR Rheklt RS 1B o PLACEONE ™ Tedi a.
_19_  Pref er alif yhe Lo fofteiammtspondsoriwat indivananthiehesiegued chatamat heomativog y of t he
iRE ]Ic (E))r tr:'?l I();S'?l)fg[t \hgat%{ylgga!lz@é g}%éﬂ%ﬁﬁhb@@pﬁ?ﬁ% (z:seretpu?rgtg (n@a%tneﬁc%ﬁ}n%%r%e& hat

media, typically), then the device can activate only the system that performs that

operation. For example, if the LAV software indicates that the RFID tag is associated
with an ordinary book, and that the book may be checked out by the requesting patron,
then one magnetization system may be activated to deactivate the magnetic element
associated with that book. However, if the LAV sofiware indicates that an RFID tag is
{ associated with a video tape, for example, then a different magnetization system may be
activated to deactivate the magnetic security element associated with that video tape.
This different magneltization system might involve, for example, a weaker magnetic field
or a field confined to the region in the immediate vicinity of the security element, so as
to prevent damage to the magnetic media itself, depending on the detailed characteristics
of the security tags in use. Depending on the detailed design of the device, the
procedure might include inhibiting automatic activation so as not 1o damage magnetic

media.



software, and can instead invoke the appropriate magnetization system
directly. This enbodinent would likely inprove system perfornance, because
fewer steps are required to reach the sane result. As a mininum the RFID
tag should store a nedia type in the nenory of the RFID el ement, but could
as noted above include additional informatiyon. This type of processing,

W t hout transm ssion back to a database separate fromthe RFID device, is

referred to herein as happeni i.n."real tipe." An advanta of RFI D
ovi o sueh ns' that TeaRP ooty PRatp mindF et PaRo R BB B i 1
| ess dependenceésen tHah@ik int@fde@iidradoliRB nde@nat irMBmlt that Morh@Nd Lo thelltwrg,  al t hough

a library material nmay be processed by an optical bar code scanner, .only when
the bar code | al98maiesingriaparsied BudetheAna@paHE MReMdaIo8 Syen fiecdtafiiier, ~ a

book having an . kil 890Q8 1EARLARE SRR Bedd %&'@E% el Do fire Nt
cover either upe or0 ﬁ‘c?vm,oand Wi tpﬂgutﬁt hel?%fggg%fd ga?ef ufvl y F%}ger{?qné a | abel
wi th a scanner .toTtack thedumateage Aofa REInDm, shesRidPeapshonldcomy & medio gk iropei cal

o DR C0e LI SRRSO R R S o

tags, and ot herTiGORPOGEIbGssitpUvithdut irsnshBkioR¥RA b BdktaBast Sparatedt@ethef
approxi mately 15 centjneters %6 i nches) would be satisfactory. To facilitate

) £ :
reliable RF D BicRfsving,'s KRS & herqin astigpraswadiedry 48e to position the RFID
tags for various itens at the sanme fixed position relative to an edge of
the item For exanple, RFID tags provided on |ibrary books mght all be
posi tioned 2 i nches Aargventagsef hoREibrdeyice sush as hoolescrite s dfmay acespt tde

inventive RFID dgvic nﬁr»ﬁtmm%%ﬂéqn@éqgn fﬁLiQQth&mmam@@gjmkesdieesi%bé}vi ng only

. : ite (
a single station at which to i tity, resensitize, and desensitize |library

materials, the aihpyshridibram metericmay it brocesse tyian gposl bitdogreschmenemy whe
different nmag I I rat. i o the
Feduction of or ot pie Rk AP ik AELBTARA P RESOINT, SRRRIaMEL D * o
decreased | i kel #fibodg of condpetiit by may st pasgsnédnyitlr yortt coapeittat oy st dokrmowker

benefit is that_ it is.faster. | taqgs. than T ode,
especially for ‘g%}i?élls&f ﬁ%t% lgfgggﬁié}%@n?gggg&'g‘ra Sg?nng%ggtsgfj%?%é%@n?ci n

| arge part becaystem$ hver ogeentnegdpnot arlddsatele aysknalregits @ doasidecadibetimd ast | y,
the system al so cost onetzgfecg]us‘e RFI D .r eade

| ess than hi gh-sﬁ‘éiﬁsof?'h%ag%ggs TGO ol SR HEF 57 a%e;dsége?%” ﬁ%lt% E%&g"betngf |C? :t
and advant ages sskidnkrspegapibsteatcodiporeme, Wf it is believed that a read range of

approximately 15 centimeters {6 inches) would be satisfactory. To facilitate reliable

RFID scanning, however, it may be desirable to position the RFID tags for vanous items

at the same fixed position relative to an edge of the item. For example, RFID tags

provided on library books might all be positioned 2 inches above the bottom of the
book.

The benefits of the inventive REID device are numerous and significant, and
include having only a single station at which to identify, resensitize, and desensitize
library materials, the elimination of operator training on and performance of different
magrnetization operations, increased processing speed due to the reduction of ortentation
constraints present in bar-code only systems, and decreased likelihood of repetitive
stress injury to operators. Another benefit is that it is faster to scan RFID tags than to
read a bar code, especially for codes that are inside the cover or case of the item, in
large part because the user need not locate and align a bar code. Lastly, the system also

is a low cost one because RFID readers are expected to cost less than high-performance



skill in the art. B. Use of RFID Device with Multiple Itens. Another benefit
of an RFID device is the ability to process nultiple itens at one tine, as
shown in Figure 10. Wereas conventional devices having only optical bar
code scanners can process only a single itempresented to the bar code
scanner at one time, a group of itenms f8ving RFID el ements may be processed
essentially sinultaneousl This my be achieved by having nultiple RFID

i nterrogat i orbas-emtcse@nélr-‘ieéﬁ@lt@)d etberipereditsi and edvantagestwil beleppiaisel toere By having a
si ngl e hi gh- ?Sgﬁed FLD reader that possesses the nmulti- itemidentification
al gorithns. I's capabl lity greatly reduces the tine required for |ibrary
staff to process nmultiple items. To avoid having the device performa
nmagneti zation ogeratlo t hat lnaﬁ opriate for one or nore of a group of
mat eri al s bei ng 5842 : tiplg apted to provide a nessage
to the user requesiopg, $éﬂ@ﬁt cﬁlaxl‘.RPEj@é’vlc@hsﬁh@fibllﬁy@@%%@és@mul'ﬁbIQQe&pﬂ%S and
magazi nes, for exanple) be presented together d by all nmaterials of
anot her ki nd tmd, deshowndn BEwe d0t Mpetsas opyengeatpeades having oRly| ptisab Agedt an
determne frq I I ts
whet her the J&%@?&%@{,@éﬁ?éﬂgi%@@&ﬁérﬁﬁ%ségﬁ(&g‘%%gja}&%g?%agtﬂga%ﬁétﬁé@egan pr onpt
the user if hgogrofsteeshasng RAD, elavens howbe prockdseflieseentidly slmultanmot:ﬁ:er'i‘tus

enbodi ment, the devj.ce includes one area for .proces one type
(books and mRuieacicr 57 Fasiaan EE el ie-Sapichispu cantsateDaro Bid vl ng

medi a of anotdiehe ByRR, &r\byd@an%mdngaumgmsﬂea@%m feQBeremapRbeles theaulfir oper
magneti zati on operatl on be reljably perfornmed as to each material.
The device me¥F apeyh Fﬁt?PGB@“@mdl Ihs sapattibny erdadly Ecduces PeHG TRITSd fems beari ng
RFI D t ags hav;g,rggfgggpgg@gégg gdiibRhieRs 0cessing by the device. That is, the RFD
reader would obtain information fromeach item presented to the deV| ce, and
update the display to indicate that there were, for exanple, five itens
present. An optical, @Bld%ﬁ@ﬁ%th@%E\@&tpgffompé)HLa%eﬁLa?gnQﬁer Rithat verify that the
sanme nunber of itens were | present ert the patron or

li brary st af finiffprepriatetfermngior h@mofargrwlfmaga!hadna)sewssedadvm@mabry or

intentionally.l t etectors of

this type mayb a’&%ﬁ Fﬁ%} %\ﬁ%sag'%ﬁ "Esg% g\(@gsé?tr%esgngb% Llﬂjpﬁg‘paaol é%tg'{i oﬁ Seri al

Nunber 09/ 058lp5<86>o(>Bealnkmag¢zme21fer fakm;)h:) bﬁ|plrteelm¢xpmgtthérﬂfpllci}%8:yahd entitled
Apparat us anmaten als &danotﬂer nrclie(vglpo an% aud;g)?apes or cxample) The RFID reader can
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determune from the information obtatned from individual RFID elements whether the
user has segregated the materials appropriately, and can prompt the user if he or she has
not, as shown in Figure 12, In another embodiment, the device includes one area for
processing media of one type (books and magazines, for example), and a separate area
for processing media of another type (video and audio tapes, for example). The proper

magnetization operation may then be reliably performed as to each matenal.

The device may also include a display for indicating how many items bearing
RFID tags have been presented for processing by the device. That is, the RFID reader
would obtain information from each item presented to the device, and update the display
to indicate that there were, for example, five items present. An optical or other detector
could also be used to verify that the same number of items were indeed present, so as to
alert the patron or library staff if an item without an RFID tag had been inadvertently or
intentionaily included in the stack of other materials. Optical detectors of this type may

include those described in U.S. Patent Application Serial Number 09/058,585 (Belka et



of Multiple Items on a Platform"™ which is assigned to the assignee of the
present invention, the contents of which is incorporated by reference
herein. O her detectors may include ones based on weight (in which the RFID
reader can determine fromthe RFID tag or the LAV software the wei ght of
the itenms detected, and conpare it to they;.actual weight of the materials
presented), or the nunber of magnetic elenents detected (as described in

U S. Patent No, -k [ Iy St

i ncor por at ed b%/l')’iiel%gggﬁgg' ?1%@&9 %?f?‘“‘?:‘lén%%"rﬁ}%‘gsnﬁ@weﬁ ﬁg%or{gir%ég@cgi?b %tﬁé‘%

det ect ed by the MRFpIPIesaden Pandmt, hehivt idmssigide tett edighse @nhegptsemal or ot her
detector insures that, the mag}nzt'bc security, el gments assQ&iﬂa‘{ ed with

non- RFI D t aggellV§ Highdhesqutent ot §RISh 15 e Refatet Py HITACS HEEh -t 8RS '%Ri ng

charged out toma B8E&d dde§ bRRE bRWeigh/ WAV GERFBYreldePEfSRIerhiAe flbinaRes after a
predet er mi ned nunber of itens have been presented (five itens, for

exanpl e), or aRF@¥tagar Bedr el snftwareshe weelt aflike igay detectedy apsh Ewes it 1RehG tens, or
automatically Q@gét (?glyq[ tﬂg‘?ﬁa?st;f?éscht@%)?&}[’ ﬁgmrﬁﬁr oﬁn%ﬁéﬁc@énﬁeng'dﬁﬁw may

advi se the operator st'at us e operati Anot her enbodi ment
of the inventifaeddevtiedan UsS. Phawntadihn. 15i260,600 (Maemief 3i.)t thecavemteritwhohh s a package

or case having nmultiple itens inside,. as sho in Figure 11. For anple, a
cet “of audi o vapetnRy By R hBRF T CoBRE Iy By it Rl BE T Sy o
that only thoREID @pds anduhd nahber détedtbdBear @ities or @@ deettoginpirenessied

together, the RFID.reader can identiJ%}Et he ﬁ@ée and identif(%é?e.ach of the

tapes inside tREEEUGIFCUTIY GIEMSTS Fosodieq b PP RED tagpat BF s B PR RSN ] he
materials to bgikdeeatedmiko He@l%ﬁhapﬁeﬂrd&[‘to Jﬁ%?sﬁFdaQoﬁ_aghmﬁcb% ﬁ?r%@ess nmay

a
i iclude the information as to the contents of the case, or that information
may be st or edhf Hemhalter Apresisriiegdeauainer Hdems suvd bearmarsgriied (ige jtefenfarf i cati on

I nformation Obéx@in?rgg or bAQ T P& aBFhRrRGhe E&YéeQf@o%yih@ge%ﬁﬁﬁahvﬁn&wl} 0

process multiple erials further 1ncreases t spee ich raterials

may be checkedwitmupamrepertar igtrveption.bAzsnyableThwlad vy edvisrdle treratdaptidel to

transmt only g,si &thoai'rag%ﬁl to the LAV software systemto process multiple
itens, and to receive only a single signal back fromthat software in
response. -22- C. Portable RFID Devices. For a nunber of applications, it is

sesTab & L0, o e A ORI PEELSEARLY AN I 1 B e o
a package or case having multiple items inside, as shown in Figure 11. For example, a
set of audio tapes may be packaged together inside a single case. To insure that only
those tapes, and all of those tapes, are being processed together, the RFID reader can
identify the case, and identify each of the tapes inside the case, and match the identities
before permitting the materials to be checked out to a patron. The RFID tag on the case
( may include the information as to the contents of the case, or that information may be

stored in the LAV software and accessed through the identification information obtained
from the RFID tag,

Devices having the ability to process multiple materials further increases the
speed with which materials may be checked into and out of a library. The device may be
adapted to transmit only a single signal to the LAV software system to process multiple

items, and to receive only a single signal back from that software in response.



shel ves, bins, piles and library carts. It can essentially search wherever
it can be positioned close enough to the itens. It is capable of
identifying nultiple itens that are wthin the range of the device. These
and ot her features nmake the inventive portable RFID device a val uable
library tool. For sinplicity, portable R D devices will be described first
internms of their conponents and operation, and second |n ternms of wvarious
useful functions f@r oPonedidkd® ofviagsi ng such devi ces. is |nportant to
note that the fu tlons n_ar applicabl e
to non-portabl e B nﬂ@ﬁ“8e@”’%ﬁ8”%ﬁéi&TH@Eiﬂﬂg?d8ﬁ§° gﬂng¥%?a Ydescri bed
above in ref efaa0ed! RFMOdvicHOTiicahe hBF REXTHeNice ascapate &sedrtiagd amorgpl i cabl e to
portabl e RFID devices. The different. functions and nmet hods have nerely been

grouped togetHevesP¥h Pk YRIaYSRIRAN BMFEPEdY eI SFYBHt (98 to perform
that functi Oy Rtiol&L & hod enojuéh @ﬂpgg}ﬁ@t@s@mm%ﬂd@ﬁtlfﬁﬂg thEEP@ﬁgthlaﬂug RFI D

device of the present invention preferab includes”an REID reader and
writer, menoryithin ﬁlepmmﬁhsdm@e Thawdmégthcrvfamget walgrthbingenyiae petedlef unct i ons

of the types The FID T eader #ﬁ'_ﬁ sist of a
Commander 320@%&6{' E/I—Izvg‘i-?ﬁ£J 2 ra QJ 1!%mrrgncd a%(fr{#% d ‘g%ég“lfﬁé;trurrents of

Dal | as, Texasdesdiba® fipst inpéret ef albilryom;libn‘érlﬂe;irfdm’pﬁ’rlamﬁn afd masmiuh esrps oy be

prOV|ded by, for exagpéﬁ,.a "paln}go " or. handhel d cg nputer available from
3Com Conpany BoeEHER! Bgiens foegl PeEpds of uintfuFh tHE el i gRRRTBhI P Pi | ot .
The portabl e GRURAEIIHBY: hARdddAescABeARRIALE AGalBYSlhetbledo hoHfdhaber een

di splay, several buttons for devel opi ng user interfaces, a recharge

station, a doRRIChéFvsEaeRriGhatibe UpRGRS PaPelipst aesprahed@bpver el deivE &ndhd anot her

conputer, on &{abm@%é&a:teqfn%ﬂ?ﬁﬁﬂlcabl%%'p@rlfb%feafhsmt&vk&e ThaRfrhet d device
(such as an | D reader) and a battery power upply. Sonme units may al so

i ncl ude a buifupctions premasinds é@ves%#y begn groppad-tegrdleer S‘ttféri‘rfi‘ellfpe PftRFIelgvisg so
contai n vari oiis..fagdbaghk s n{)ﬁjln&gdn%gh]@gobl ghts, audio and a display. As

€
descri bed above, (ﬁhere are a nunber of options for transferring data between
t he hand-hel d devi ce and anot her processing station. A docking station

h b d d 14.
T s mthod coul o e uden i arelis iRt e BRaREHT Ll P o

i nformati on peresnt ineenper ;ﬁrdlewbhy@caldsseaﬂblﬁDtr@deQ«i&d wWriterdmethogeappeei fic itens.
Anot her exanpl e wou | | ect+on of itens

that have peciroteetcupfRirh A R GRARShh b B fbhe &
RFID reader/writer could consist of a Commander 320 13.56 MHz RFID reader,
manufactured by Texas Instruments of Dallas, Texas. Memory, preferably in the form of
a computer, may be provided by, for example, a “palm-top” or handheld computer
available from 3Com Company of Santa Clara, California under the designation Palm
Pilot. The portable computer may include an operating system, a touch-screen display,
several buttons for developing user interfaces, a recharge station, a docking station 1o
transfer data between the device and another computer, one or more ports to connect
peripherals to the hand-held device (such as an RFID reader) and a battery power
supply. Some units may also include a buiit-in peripheral such as a bar-code scanner. It

may also contain vanous feedback systems, including lights, audio and a display.

As described above, there are a number of options for transferring data between
the hand-held device and another processing station. A docking station approach can be
used to upload or download data, as shown in Figure 14. This method could be used,

for example, to upload item identification information prior to performing a search to



i npl enented as a docking station (as illustrated); as a wireless or cabl ed
downl oad and/or upload; as a wreless or cabled, real-tine |ink between the
hand- hel d devi ce and another processor, or in any other nmanner suitable for
transferring such data. One such exanple is a Spectrun24 wreless LAN
system from Synbol Technol ogies of HoltsMille, New York. Systens. |like the
Spectrun4 allow nobile users to wirelessly communicate between nobile

devi ces and | oals e R IBLKS s FRL LS. ORRY B 1:OburkdiE an TP hedni ¢ v 1

typi cally include a conmuni cat’i on co to support wr
conmruni cat i on, cslihoasf iSymshidt hevelbde?dR0 Wihin efedbmary. ANhPD Cautl. beThe user

interface for the device i lesi gned, both ta. communj cate the, status of
sear chi ng and fﬁpﬁﬁ$ﬁﬁf?%%aﬁ QES@BWbﬁfgwﬂﬁgﬁﬁfsEﬁT@%Fﬁﬁcaﬁ?gkwggm?nclude
switching the ad@¥i GRoRANBNGwWNAEdsQHSabRRRfENiNIIR Setdeeh BBheld- g eacaaspeci fic

to a task (for exanple, to check out an item or to put an item on hol d)
Feedback to t h@NeiE@TPrPIEsyr.oF & Al Ayher Grsvd aadble fir sagHeane sisbicrat Pesss? sound,

lights and a digphayis aMRcimR @YeillRY AN 06k TSI FERREgibsd0 the unit or
separ ated. When separate, it can be designed in various ways, including as

a "wear abl e" diHstsalje, et Yordin Shuteranisiel the Seetmusel4imjlow meobilg esers tawrakesshycul ar | y
useful enbodi ment. of..t.h nd- h I i fal - d- hel d
RFI D devi ce iscg%3W%ﬁéa%ﬁ§%ﬁﬂW8ﬁktQ§E%EP%&¥%§?8P§“@§SF%Ph€§$?géggbg%mer
sour ce, ant ennagobie omewdiaypicainthciof b wameuataoatdmppnenitadagpbm varegssngl e

i nt ted it, . sh ' [ , . . Usi d- hel d t h
s the. Pal m P BETHBERATgA b b ndob e TEPCTRRL Funct ons. of the

type descri bed bel ow can be achieved, in contrast to systens in which the

REI D devi ce nust interact . w {h a separate conputer, database soft%are
system and the |ikdhe s intelacser ghecdemicars SeyiasroRatile eammaicaleithy sales Gy

ful | -range capabirkiitd 83 tb @llows R b BAef HNCIELRARy §fta AGInEMBEsWIRARE iled
herein, as desired. The hand-held RFID device a sowﬁreferably i ncl udes an

i ntegral power 98WEF ¥BONEA2fIpRSIEHCh MRdEaRd preingpia seag icde a 13sk (igerapBlfeP sour ce

_Of the type thahed@htn P@n,"é‘?'{@plﬁﬁg‘ﬂ@q ol hol‘dfq{eleﬁ)an-osthc uéepistplf@erﬁ’(ﬁfe of an
i ntegral power source, the source may or may not power the processor, and

may be rechar g@aovdrdniresgineetdunation af woekliglys adatdisohy. Tvedisray mayrdbiel d

conputer is usgd,n ' ' QWM : rechar ged
O o U T g

i nfor mati on, agvayshesludingrps Bi ‘gasrebld Adisplay that can be easily viewed by the user.

A particularly useful embodiment of the hand-held RFID device is as follows. A
hand-held RFID device is provided in which the RFID reader, user interface, power
source, antenna, processor, and sofiware are all provided in a single integrated unit, as
shown in Figure 13. By using a hand-held computer such as the Palm Pilot descnibed
above, 2 number of real-time functions of the type described below can be achieved, in
contrast to systems in which the RFID device must interact with a separate computer,
database, software system, and the like. The sofiware can also provide either limited or
full-range capabilities for supporting functions of the type described herein, as desired.
The hand-held RFID device also preferably includes an integral power source, although
it can be tethered to a farger power source of the type that might be worn around a
user’s waist. In the case of an integral power source, the source may or may not power
the processor, and may be recharged when connected to a docking station. When a

hand-held computer 1s used, it may include its own power source, and may be recharged



A hand-hel d RED device can interrogate and identify RFID-tagged itens
whenever it is activated within range of the itens. Intermttent activation
can be provided by, for exanple, a trigger associated with the device, so
that the elapsed tine for which power is required for the RFID device is
mnim zed. The reading distance is a fwdetion of many factors, but is
expected to be between 15 and 45 centineters (6 and 18 inches) given
current technehagpnaattdtheieldokiehystitve quencidesdar dovwiledd infhenaipstaem woul d
operate. In sQne_a Iicqglons it may be desirable to restrict the operating
range of the *G&Vi'te®%8§ 'that it only interrogates RFID tags associated with
itenms at a closer range. In other cases, the | ongest avail abl e range of

operation will be deS| red. In other appl i cations, preferred to
restrict the out put "deheld P%Fal:ﬁ)oljef“i‘i‘a%a“t“ﬁ%’”?&’éb?d‘inﬁgden?féﬁgémig@e%é?”ﬁﬁt | onger
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i nfl uenced by the design of the antenna as well as the orientation of the
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operati on, rticul arl re of a hand-h devi ce is, obtaining
oal e | PR Ay g i IR S Rafbenas B SERHER "B he
device. That #pratd @ sohabshialcds, dtawaycbed@imaalen@relstﬁf:tqr]mﬁdmmgfrzrr@ahme RF1D
tag, and either immediately displays._ that information, or imrediately
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the tagged itgm: J&Snd Q)n%é?.t mmblrcaﬁ&geto@op&a&lo%%nB@@éxréwsm offgr docked with or
ot herwi se communicate with a separate database of information before that

i nformati on cipRliggEoR; Qmaa)?édfef%fedM@fS[U%téhe oathiet eamdardings devirdiegof t he
present | nVGnFah@eZto ?e?ﬁxtaé O #%em‘m;ﬁ#&% rafibn ﬁxtﬂl %‘?tre pE&.Oﬂ{UFHJH Qrﬁ%qﬂﬂ“ th a
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The uni que i d'gnqou]s I[rXé 3 cangbaceﬁwaxonedeb aed on tEe partlcu?ar application fo fsrhtﬁe device.

In operation, a particularly useful feature of a hand-held device 1s obtaining real-
time information regarding an item that has been scanned by the device. That is, the
hand-held device obtains information from the RFID tag, and either immediately displays
that information, or immediately displays information stored within the hand-held device
that is related to the tagged item. This is in contrast to devices that must be docked with
or otherwise communicate with a separate database of information before that
information can be displayed for the user. The hand-held device of the present invention
can also be docked or can otherwise communicate with a separate database, if such

features are desired.

2. Functions Methods, and Applications, The hand-held RFID

device of the present invention can be used for a number of functions, methods, and

applications, including the following.



itemwuld be stored in a reserved nenory | ocation in the handhel d conputer.
As the identifiers of, for exanple, itens on a shelve were read by the RF
reader, each would be conpared, using standard software routines known to
those skilled in the an, with the 1list of itens stored in nenory. Wen a
mat ch occurred, the device would then cregate one or nore visual, audio,
tactile, or other signals indicating the presence of the item One

appl i cation for thig,finghian mrd'%%eb,%ﬁa%p%cms fulnB@lin AS1cR&ldneved to
be mssing. Alibrary ty plcaf1 mai ntains a mssmgltems - those
itens that ar eFaquemple,dhe devie comlmbt preglamipred wyth smﬂﬁcoaﬁonmanobeiemdungl By
downl oadi ng t hose. msm&gltemldetlfllerstf f %wc% t he
operator can pSEin ems 4ba) AR aPeiY o5 Wighes 'lkerly ]}f‘ﬁ“qf‘é B'ééek Wi ssi ng
itemis encountigh @duldAR A& in @X&BNEEmEdorl ®ochimah ehel HaRdRIdtddAbutBAVAS thet
circulated or been used within a given nunber of nonths. Again, the

i dentifiers of ideridises ol fontrapisl enpendohmivosteaas by therl feade- eﬁ@;h wowgbr ce for
searching. At v i irectly
on the nenory o %m#d %:N%t&nla%d%ﬁ&gh?}sultlgéa}skgwp&osthﬁ&& gd erc]srer\@/l|“§§’qh%oes not
need to downl oad 0én§mm¢rad hrrmmcano\t\/hera rommpmceu’redswm@mce thd eendsdaed d

devi ce only COH acI;ren?ore wsua! mamar tche hot‘i\gr sreggxglts mgxcgtrt]ne Crr'ege%éo R 1genpr ovi des
feedback to 't per at or Bas8d on P'61%S.° Anot ner exanpl e

of where data @aa a;lq:ﬂacaﬁioh li@rthig Ounkcodatdied lboating nl:m:brhar yte Helieeed tbas missimg! he

hand-hel d or o ined directly fromthe REIDtag is to locate itens, in the
by Chat nAVBrRE DT i Gaidb i PSR 10 RO iEtre ot CIREEkLE M coul d

be obtained andhé iRiydQapiadedoina. 1}351Q!ohallaﬁhzrkget|t1dsedﬁ1\!d:1€‘geteﬂfxdérﬁ"ﬁﬁctﬁlfd Bet ag
could maintain a menory. location to indicate the check-in_status of an

item Wen the mdrhsldtd&&%mrvfatqrﬁm Reat B8 dpiRe BYHERR 2phottiafesback HBShand- hel d
devi ce does notmsrg,agqeramsyene@tnaergdrom an external database to performthe
search. A natural application of obtaining matching data directly fromthe
RFID tag is to locate itens that belong to different |ibrary buildings or

to different |ibrary,g¥ste@Mhie Y 10t &nﬁn%mg\@td@@amuﬁm R'OBinNGed WRRARY 1S
preferably encoded onto the RFID tag and the hand-held device alerts the

oper at or when &ien REIESF efaponphst Heaindhé deptdigts %W@ﬁm@emi donldrby dewuleaded to
encount ered. _The \aanadgh . IELD. 26 URMARIEANHoalan Beubssdcto deterni ne,

as with the RFID evi ce escri be ove, er a nbers of a set of
associ at ed it emsingired direstls ot thegrpatonesf, lhta&Fm ttelgl Inhbis cagoelbe hand-held device

does not need to download any data from another computer system. The hand-held
device only compares RFID memory data to established cnteria and provides feedback

to the operator based on the selected parameters.

Another example of where data can be either downloaded from a library data
base to the hand-held or obtained directly from the RFID tag is to locate items in the
library that have not been checked in. A list of items not checked-in could be obtained
and then downloaded to the hand-heid device or the RFID tag could maintain a memory
location to indicate the check-in status of an item. When the RFID tag memory
indicates the check-in status, the hand-held device does not need any data from an
external database to perform the search. A natural application of obtaining matching
data directly from the RFID tag is to locate items that belong to different library
buildings or to different library systems. For this application, the owning library is
preferably encoded onto the RFID tag and the hand-held device alerts the operator when

an RFID tag with a different owning library code s encountered. The hand-held RFID



in a books-on-tape case. The RFID device of the present invention could also
be used to verify the order of materials on a shelf In this node, the
device is scanned across one or nore rows of itenms. The device reads each
itemand indicates, to the operator, which itens are not shelved in the
correct order. As input, the device has agcess to the shelving algorithm
used by the Iibrary for the section being scanned. Possible algorithns

i ncl ude: ev,P@eaLE@hsooaeclgEd g:l-depernﬁi nY agtmmmmeofrcd@émmqb&ut hor | ast
nane/TltIe or der er nethods of sorting, as determ ned by each library,
are possi bl e. whetiehelt mpmbdnpaf ofet elstswioiaied emeamspedséntitogetheras wdh thesapes

associ ate each i a_location. Shelf |ocations can be as specific or
as general as'th Oﬁ%ﬁ?ﬁ?vﬂa@%lres For exanple, a general shelf |ocation

m ght include all "Adult Fiction titles." A nore specific shelf |ocation

m ght be "Adult Fiction, Authors AA - AB." In the preferred . _enbodj nent t he
shel f |ocation for &ﬁpr%H?W§‘5H86ﬂ§ﬁ“&WF@6FN?”@ﬁ“Pﬁé“ﬁﬁﬂ?ﬁ?ﬁb”ﬁ@ for
that item An df%?eﬁa@%n%méne%rﬂmymaéess?lefa@w&s@@camd%@r\e@s mrmwre;%@sbhat a
short code nunber is used to indicate a shelf location. For exanple, the
nunber | coul diemseghedaie rwdﬁnmchmﬁr@tan@mdmethﬁetmthlﬁﬁeqrratzr e‘émhdteméprre@@Ient
Juvenile Ficti e u all shelf
| ocati ons depeﬁ%guﬁﬁ eﬁ@”ﬁﬁﬁ%%? A?%Hﬁoggdggﬁgﬁgg%%ﬁﬂggg%g E Aﬁgther
enbodi nent |sLmaimbmahMa@Hermegmn@dmﬁmeb&mh©C%ﬁﬁmaa@ﬁnmmmamhdbdhmyydatabase
and then download tho e Hpcatlﬁns as art %A %hq transﬁeg of data to the
hand- hel d devit&!™ iR ©4 @“ﬁ?&B A ERU MNP A "R e OEER: PERT by eit her
net hod above, rhdieods@PedrRtg)hs EadniiRe by Elﬁhhﬁr@ﬁk helpdssitgyi ce to | ocate itens
that are in the wong |ocation. Two processing nethods can be used to
determ ne which shelf location is currently being processed in order to
search for items WANRHRON=MBA 64UsRBlishiAE Hel fORISrmatiBn RNE ass8HNO S ABRBE withhe
correct shelf location is obtained by reading several RFID tags and
heuri sti cal | y l9f8eRsshedoenensdat b assPicHicer an2qngehtsitbhlibrapestgankre, if the
RFI D devi ce eamﬁeaa petiaiciashy raumaﬁl;mm mtcﬁ%a[t h@émfg%oh ngexed olgp. (fagrAdul t
fiction area, the device can programmed to alert the user when non-Adul t
Fi ction itenBShﬂébéﬁﬁﬂmn@ébédAd$Hﬁd@?wAﬁh@$H@r ARpobithepreferrehe |ibrary

pl aces "1 ocat iRkl thghélhgca%m?l"Ygr?ntgﬁ:s%@oqf LOGAL hARSREHPDEA ched.

These location tags arfe first read € hand evice to indicate
for that item. An indexing system may also be used to save memory, so that a shon

code number is used to indicate a shelf location. For example, the number 1 could
represent Adult Fiction, the number 2 could represent Juvenile Fiction, and so on. The
amount of memory needed to store all shelf locations depends on the number of
locations within a hibrary. Another embodiment is to obtain the desired shelf jocation
from a library database and then download those locations as part of the transfer of data

1o the hand-held device.

When items are associated with a shelf location, by either method above, the
operator can use the hand-held device to locate items that are in the wrong location,
Two processing methods can be used to determine which shelf location is currently
being processed in order to search for items with non-matching locations. In one
embodiment, the correct shelf location is obtained by reading several RFID tags and
heunstically processing the data to infer a location. For example, if the RFID device
reads a certain number of tags that are indexed to the Adult fiction area, the device can

be programumed to alert the user when non-Adult Fiction items are encountered. In



t hat subsequent itens read should belong to that | ocation and an alert is
provi ded when a m smatch occurs. In another enbodi nent, the hand-held RFID
device may be used to enter data into the device as to a specific item

That information nay be either transmtted imediately and directly to the
LAV software, or may be transmtted subseguently when the hand-held device
is reconnected to a docking station and downl oads the information to the
LAV software. For exa 4 e au akes a |ibrary materjal, fromits

| ocation, the @&¥gher ﬁ‘ﬁgg REGng bgan@ C‘ést CHONG 85t Pl'b“‘&?%l‘ﬁ ar pifigrdocarians

hand- hel d RF D Ak £ BnedBERAW IR atidH 1854 £ BfTREL BNnehSk-HoR RULEo8RtidaRs O t he LAV
software eventually, it saves the oOperator tine to be able to indicate this
state direct! ytahaibjemenditemeieyd should belsos wdhatdosatgn sndgn alaetiiy praedesrvighe can
access an LAV soft rhecu\;stemterm nal. In yet another enbodi nent, the

hand- hel d devi &&"¢8ul e"used to provide additional information about a
specific item once the item has been obtained and its RFID tag scanned by

t he RFI D devi ce. np ect material t hat have
boen used i n the | Ao emRhekan e oA B S BEC B 5 34 ror e

i nformati on abgwd tht Bevicermt®x bpatifi¢ wWha. T8 infehR0keay He dabériranamtied ten has it
been used) or . to provide information to a database that %erat es

statistical pr %qué’ée’b‘f“dlq”ﬁ?‘ar‘? Uiedt/eY pefiware 9aFaY beoranyatisd Sumsedue i

sinply reads the h%@eﬁ@&sﬂcgﬁs rEéH?méch%rfﬁ a%@c&@ah@ﬁ €nd (ﬁﬂlnhcﬁQ; ed ifsamishe
various locations in the library at which they were used. itenms are

col | ect ed, thetQﬂbeLéVcﬁpﬂb’aﬂq pspxainpigi whana useropeqh Brarytripserjal EEWB l{Was col | ect ed
by[ sel ecting [ol_c)ﬁ[ﬁhax,hlz hie? mQ{: gsantCtﬁl; b S H L %];ﬂgﬁﬁ\td QE R S0 reading

"l ocation RF assocl ated w ocatl on an woul d
preferably be aévﬁqexedcausn s mferaratlbrhalt:stlbccatned)mo the LAMﬁoﬁmma:yevertnkv@yllt brary
staff is able to ogtaln aqdltl where i.n fyhe l'ibrary

savest e at)he 10 |ﬂ816£¥a$hls s{tate g)mzc )é%{xd, 1mn{eﬁlatp aBr ary are

such material s>Were: ueed Al't eria
first placed opposediockitmgutiti eor slex:ampdcas ah hamﬁdadaemerd&wnms coul d make a
single pass by the itenms on the cart to record them The functions

described in this paragraph are referred to herein as "sweeping," -28- The
benefits of a hand- Ih@rhtchnaﬂﬁlsr[lndﬁdin&et Hechalii@d Ovee candbd teel w}aoﬁbe ability to

Locate Lo e A R AL L e AL . ang, Sach oal T numer

t hen exam ne i REMBtag scanned by the RFID device. For example, library staff may collect materials
that have been used in the tibrary, and scan those materials either to obtain more
information about that material (who last checked it out; how often has it been used) or
to provide information to a database that generates statistical profiles of library matenal
usage, or both. The operator simply reads the RFID tags of the items as they are

{ collected from the various locations in the library at which they were used. As items are
collected, the operator can aiso indicate from where the items was collected by selecting
from a list of locations, entering a location code or reading a "location RFID Tag" that is
associated with that location and would preferably be affixed to or near that location. In
this way, the library staff is able to obtain additional information about where in the
library such matenals were used. Altematively, if items used in the library are first
placed on a book cart, for example, the hand-held device could make a single pass by the
items on the cart to record them. The functions described in this paragraph are referred

to herein as “sweeping.”



nore closely to locate itemof interest, the ability to quickly identify
items matching a given set of criteria (lost, not checked out, matching
specific circulation values, etc.), and the ability to identify itens that
are m s-shelved and indicate, to the operator, the <correct |ocation for the
items. This would include itens that doff®t belong in the collection being
scanned. O her advantages include the ability to enter transactions

directly into the Thabendialo 2 timidtheldRFIDI deens aramembocg hadincihdahainlityty t o

identify an item. w t hout .h@vi ng to scan_a g% code or aﬁy Oﬁt) her mar ki ngs on
the item sudRSIRATGF WK P1GeGHA Y APTPHEMISIF Bl HE "ABRI Of 180
determne if @o@itMRe) tict /My 1S “BQANRMEEE @ePBd Aem §HELI) anPMerPexainbE akyscart, in a
bin, on a table or even in a pile. These and other advantages wll be
apparent to thergslosgly gidpgate item efatergpt the phifity e awiridy iWentdp perrdenciveg &t o,

persons of ordi V.Sl il I I r.echd coul d be
l'ibrary nater%q‘éﬁr;‘ggt(?f%gehglﬂﬁ%’ Oéglﬁegg)&prué%?nggglﬂ@glsg&%h%é&n@?&él Vglﬁésbgtgi)bal medi a,
and t he |ike)andaole abouy o ithntiftiteer tieo agp Imés-shell verharell iadiexde, nathe bpaidtsr, shech as
packages, letter ai ptings, electronic, device ni.mal s,. aut onobi | es,

D ycles. o SaiytapeBet i idings TOSMaET PG ety Gp R PRok w00 of

processi ng a ¢Btctioh bass Qahit 60k hbt RN RBCACIRGhOghilRf td¥dnhd? tahQewmG

conprising the steps of. (a) interrogating each of the itens to obtain

i nformation i WeFMeght pradihgldmpit phen Staffgel‘oi:at‘@mfhe(aﬁ)l”ﬁ‘Hf‘@f“i‘%@‘ét‘?’ﬁg an RFID
el ement that \JighadBRA%Igab &hnWibhitob8r S5t mA&HRE bR Geml Ju8HTEs; aulifak, Conmpari ng
the information obtained in step (a) wth the information obtained in step
(b) to det er ritisandiat meioet, prd the sty a deerintre g 2iYe8 IISMESWMCRAETE 8YEt her; and
() per for m e AGREH ZA¢ [0/ RRALAIAN 0fh FRPNEH oS R YavahagaN S
associated with the itens. 2. A nethod of processing multiple itens each
havi ng an RFI'Dll&k epramn! tctbogsrof shithg the dte st eps of . (a) presenting nore than
one of said items to an RFID reader; (b) obtaining information fromthe RFID

el enments approxi mately
In the claims appended hereto, persons of ordinary skill will recognize that the

items recited could be library materials (including books, periodicals, magnetic or optical
media, and the like), or could be other completed unrelated materials such as packages,
letters, paintings, electronic devices, anunals, automobiles, bicycles, or any other ttems

of value,



si mul t aneously; and (c) using the information obtained fromthe RFID
elements to determne whether different types of itens are anong the itens
presented. 3. The nethod of claim2, wherein the nethod further includes the
step of: (d) providing an indication to a user that different types of itens
are anong the itens presented. 4. A nethod of managing nultiple itens each
having an RFID el enent, conprising t&&-steps of: (a) presenting nore than
one of the itens to an RFID reader; (b) obtaining information fromthe RFID
el enents approximately sinultaneously; (c) detecting the nunber of RFID

el enent s @@ﬁﬁgnted; -30- (d) automatically processing the itens presented in
step (a) only a predeterm ned nunber of itens have been detected. 5.
The nethod of claim4, wherein the processing step conprises perfornm ng an

w Un Che T t oromiod Ohp@he BB e b ot T REN B e g,

wher ei n tdaglpﬂgigggﬁsgtépgo&t ep conprises updating a database that includes
information as to the items presented to the RFID reader. 7. A method of
managi ng nul t il e iintemesaing p#r o therEnD te phigininformatipn insludipgitheidertitips of :
(a) presepying ore than one of the items to an RFID reader; (b) obtaining
i nfor mation Trom the REID el enents approxi mately sinultaneously; (c)

detecti ng t he (Bunbeéite®bgaling Bh RFEDreRenphaiseBiseciated tithdhs it ay as3geistbe nunber
of RFID elenments detected to a user; and (e) permtting the user to direct
that the 4%¥"is presented in step (a) be processed. 8. The method of claim

7, wherein theoprocesshig Gt GRohRRBE bbGRe@ S O &) WGinaRe nfRRGEAR | at e
magnet i zat i on?%)ger at ]?lgnﬁ}%é’n mag?let I C secur"s?t y g‘f@mnt S alsnsom ated with the
obtained in step (b) to determine whether the associated items are presented together; and
(d)  performing a magnetization operation on magnetic security elements

associated with the items.

2. A method of processing multiple items each having an RFID element, comprising
the steps of:

(a) presenting more than one of said items to an RFID reader;

(b)  obtaining information from the RFID elements approximately
simultaneously; and

(¢)  using the information obtained from the RFID elements to determine

whether different types of items are among the items presented.

3. The method of claim 2, wherein the method further includes the step of:
(d)  providing an indication to a user that different types of items are among

the items presented.

4. A method of managing multiple items each having an RFID element, comprising
the steps of:

(a) presenting more than one of the items to an RFID reader;

(b)  obtaining information from the RFID elements approximately
simultaneously;

(©) detecting the number of RFID elements presented,;



items presented to the RFID reader. 9. The nmethod of claim7, wherein the
processi ng step conprises updating a database that includes information as
to the itens presented to the RFID reader.

-30-

(d)  automatically processing the items presented in step (a) when only a

predetermined number of items have been detected.

3. The method of claim 4, wherein the processing step comprises performing an
appropriate magnetization operation on magnetic security elements associated with the

items presented to the RFID reader.

6. The method of claim 4, wherein the processing step comprises updating a

database that includes information as to the items presented to the RFID reader.

7. A method of managing multiple items having an RFID element, comprising the
steps of:

(a) presenting more than one of the items to an RFID reader;

(b)  obtaining information from the RFID elements approximately
simultaneously;

(c) detecting the number of RFID elements presented;

(d) displaying the number of RFID elements detected to a user; and

(e) permitting the user to direct that the items presented in step (a) be

processed.

8. The method of claim 7, wherein the processing step comprises performing an
appropriate magnetization operation on magnetic security elements associated with the

items presented to the RFID reader.

9. The method of claim 7, wherein the processing step comprises updating a

database that includes information as to the items presented to the RFID reader.



