, €3eF| 46TF, APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS

I NCORPORATI ON BY REFERENCE Thi s patent application clains pri Wmm

S, application serial nunber 09/ 134, 686, fi'l ed August 14, 19 W JV
sane title, and U S. application serial nunber 09/344, 758, filed.«Jyne 2
1999 with the sane title, both of which were assigned to the assignee of
the present invention, and the contents of both of which are incorporated

by reference herein, 10 T s to
applications for radio fr%ﬁéﬁ#%am@ﬁ%%uﬁb@ﬁ and
particularly to the use of such TEMS 1S BACKGRClJND OF THE
| NVENTI ON El ectronic article su%%%ﬁpqg?géTgbggg?? systens detect the
presence of small electronic devices placed on or in an article or carried
by a person of i;lé@ibpi;?ﬂ%ﬁ?%%ﬁmc gsed in retail or library
environments to or O ut hori zed renoval of articles.
These devi cds, whi ch Zhiepagewamikaonoirivyprigstyfimgd). Srappligatioaserial umber i n t he 20

past _cont ai ned onjg 34 BEQERBALA 142038 dmmemﬁ Rk SAE DS afpficafbn gehﬁm Thi s
i nformati on coul d tal ne P&@e ectroni c |nterro%at|n eta,

ei ther int ermttéﬁﬂwoa/ﬁ%biwl %35y199ﬂﬂ“th§&§¥mef‘§\9rb°dl twhich ver f EAS

systems have evoliye aQigke iR pYeSaht BvenRGHS Bl tRcoleNYs bidoth df WhRA RROat i on was
carried out: magnetic, magnetomachanl cal', radio frequency (RF), and

m crowave. OF t heBOrRoRlEd yr‘?ﬁ@'ﬁ@f“"ée"’systerrs have provi ded the 25 hi ghest
| evel of semurity in nost applications. Magnetic tags are easily hidden in

or on an object, M&é@]det ect (because they are | ess susceptible to
shi el di ng, bendi . re), and easy to deactivate and reactivate,
t hereby providing a h'rrghm@kagmﬂaatem‘tosmwxbﬁs)foxaﬁkdo freyivency ltemifioRioh RFIDEgar di ng
the status of the La ed ar Ic Crlyi NE% ?g EAS systens desire to
know rore t han j U¥Ten &4 paticyary o éﬁseé’f %f’yseg‘sﬂ '$8%t. They also want to

know whi ch tagged object is present, for exanple. Detailed information

regarding the chagask@kb Qﬁ:ﬂfE Sy such as their date of
manuf acture, inve have general |y been comruni cat ed
to Electronic amcle 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 theft or other unauthorized 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 security 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

LT
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-2 automat ed handling and control systens through an optical bar code.

Wi | e i nexpensive and effective, the opti caI bar code system has certain
linitati ons Bar codes nust be visible, 'which limits the locations in which
they may be placed, and bar codes can easily be obscured, either
accidentally or intentionally. The range.at which a detector can sense the
bar code is al so conparatively small. The bar code may al so have to be
appropri at el Xu»%%’téd'h%tﬁiﬂg coGlﬁBl%g érﬁ%rihr%{xﬁpan &ﬁ%ﬁ%o@@r%mﬁ&p@ﬂsﬁre of ten
exposed to permt detection arcode 1Ts susceptible to damage that can
result in de@e‘tpﬂ@nvm&emmteaé bar|cade system had qeftph Emjtatiang  Barsodasanystfcessed one
at atime. T GRS ees‘,hfabl e or

i nefficient P%?O?eéone tgfnﬂ% P‘tgz c?d%[}sgﬂ{w}ﬁ&ﬂﬁ%ﬁ%@%@cw% ragr%é‘aeﬁgﬂx y
recently, el beobssored, mhmuccrﬂcmdbuoomte(nadmkly k'Hmmgast which a)defwoequemcy
identificati | D hni gues. hav efn dev pEss t he
limtations g?"s }ﬁ%graf()dﬁasrago parﬂﬁfe@sg‘ast ene13b ave s glé(}aga %?iéjl % provi di ng
obj ect ident la]')pmptuitdylpemdmtd ﬁn:ldetag:pn bAIlEo deeausketiar codenreiofterpexpuseditmg obj ect

ty b . RE| t t f ~1 MHz and
Shove) | n whpthe fedigh (bRt s o et S BOTHE i BTE ency
gS)so;:l ated V\ﬁfdlllhrd’saqﬂaﬂlyfrhﬂﬂpleﬂer)is h@gbe FocaRd oheMaltife. tThese coadralngs ofshi el ded”
y or exa

rTB coverin ktg‘e;tagwgl a?f%rg'j‘ r alumpumfoil) or even

pl aci ng t he PHCAdR SYStetsHrake Eemnhsirble gy ! BT PR PPREERPTEY 2t ags may be
bl ocked, alt lnfvighe lidi&y metiange is superior and bl ocki ng would be nore
difficult. Thus, objects tagged with an RFID tag nmay escape detection,
either inadvertently or intentionally. This greatly reduces their

ef fectiveness as mwebémydaéa@a@.de.ﬁ%‘ﬁhéaomxiﬂn%wara@raaio%qnaﬂcﬁt ed to "snmart
cards." Both_ contact and contactless smart cards have appeared |n

commerci al apisPibeatipeerRFIB)iachniguss brye besndeyelppsd tosadesss ‘Q? igitatiopholy speci fic
person rat h%ﬁﬁ&marweb mbemc& 1@&8ssaieedeh%wead.mgbaamdemﬁaam aAcurity and
tracking of the smart card (or of person carrying it) are simlar to

t hose di scus&@ekiagbyeare deficm 'DPFPdeR‘éIOEJCCVFH@”@/é&G‘NS? 91°$t R 8YSies¥oci at ed with
RFI D mar ker s og&Riesh mdleﬁcytrgngebpsmﬁﬁmdlabwe) Qv iR G Skdabilydfehiad i@ art of
radi o frequency- and m crowave-based EAS tags. Substantial effort has been
expended in sequehpAeiciensy paepangd M radiofegpesr tagsanses besgise they ealency- and

mi cr owave- basgfel§AB v, aasexa.lﬁemeeb%nngnm& \K‘ﬁ‘ﬁa ﬁa’h@%?ﬁlﬂﬁﬁn@ln'fbm iofBvepved their
perfornance as security tags S. Patent . 17) 195 (Harlow et al.),
entitled " DuRlacopdhflaming ok %bm%pwaeq riadlatfteswneoﬁass mayechigckeths a dual

frequency aﬁhdﬂgﬁﬁli&%&’@e@%ﬁp&ﬁﬂaﬂd@&ckfngQJoUQ%E nftile &RlcEIRNMBhG] seetst having a
di ode, and a deactivation circuit eactivation circuit responds to a

| ow ener gy aftaggeshith apyREERy 186 May escpreldgtepjon; pithgtingdyegenylyof itfationdllY-ne di ode of
the antenna qihfscgf'éafny%a Af’e% 1kt éfli'eéﬁfme% afsgé‘cuﬁfy%@@cén%@%a%ﬁs%waso t her eby
deactivating thet 33 useful for sone applications, the

capaci t or - baS‘é@ie@Hg sma@emdse atihcongaet| apgycentacggss smary cardgbeve pRReRted #al  char ge

over time) wh ,(m:% fRhhgnal ly.
Radi o frequency %ﬁj%%h ?set%%%tc&%gte ?é‘g ge%la?e%t‘h%aaég%a ee?lsto )

4,745, 401 (Mhmmnoath astlagsaﬂ OPJectndssunjeelaedmgmemmtxehmhng ofibe smgh@cdc el enent
altersthet d by an
accessory destlmcdgQhe edston%a y %/ Far Z’°$§‘§Q%S§¢Hr%§€4efﬁégﬁ%§%ﬁ§e of the
tag. Although these tags have a certal nutility, they still do not address
t he i ssues of enh ced ecurlt a ication. j [

identification te n%ﬂ’) has @ So% e@g%) 'aa' Ak i St g{roq‘d‘isez%urr%g?l‘?/es,

i ncl udi ng Moaoyonk akillsddmthe aﬁsxfeudldf&qudaajz—emti nﬁdmdoane&a.&dm 18530 and

5, S65, 846), In ts 5,347 0 and

3501, 604), PRRuRARRPR T s Mot e T AR S s o U s

Pat ent Nunbefgqdenéyt andMicrowavéBased EAS t@so%waﬁa?,,noﬁe RAGubstAtialidprBye07, 851) ,
CSI R (see European_ docunent nunbers 0 494 A2: 0 585 132 Al;.0,598 624
Al: and O 61 thelrgrs pomance aS9equsinaiagy. §.S. rBaEeéHt‘c’ Neﬁh?e‘ﬁé (Marloweet sb)y eritigled 5 547

S, 521 601; anrgyua ﬁ&%c&?@&s PRAVRTR QN IR Coill! REbEY il k&@ency. S. Patent No.
5,625,341). These tags all attenpt to provide renote |dent| fication wthout
the need for a battery. They operate at frequencies ranging from 125 KHz to
2.45 GHz. The lower frequency tags ( 125 KHz) are noderately resistant to
shi el ding, but have only Iimted radio frequency fianctionality due to
bandw dth constraints. In particular, systens based on these markers
generally operate reliably only when a single tag is in the interrogation
zone at a tine. They also tend to be relatively bul ky and expensive to
manufacture. At higher frequencies, (typically 13.56 Miz) 915 MHz) and 2.45
GHz) the added bandvvl dth ava| I abl e has permtted the devel oprrent of

o .y o o o v o . o



shi el ding discussed earlier. Thus, they cannot provide the high | evel of
security demanded in certain applications, such as a library Fromthe
foregoi ng discussion) it should be clear that there are a nunber of
applications for RFID tags in various environnents in which the identity of
the tagged itemis inportant. For exanple, PCT Publication W 99/05660,
publ i shed February 4, 1999 and assi gned t&'Checkpoint Systens, Inc.

descri bes an inventor temusing articles with RFID tags., The preferred
enbodi ment  descr PERVHERS 1A teh RELHS FLanising Qg hadingf cipge, 8 AAsectran | by o
mat eri al s, whi cheify. Thedtadieatioh eiedak cespuatis 18 Wllcviieigy akdratiiymagnttirfielddat | ng t he
RFID tag to determine the identi.f f the material . However . n er of

i mportant or desf"tq‘%cb’lgea ‘1°ﬁ?§r°éﬂ‘5° ‘8?%&? H‘&ramFW@Fﬁ'"éF%/asft%ﬁ'é%gﬁéﬁesd'?%ﬁﬁ‘ﬁﬁpt hat are
not descri bed or asermaeabdrebyl deaotivating thétag) Alkhohighanéfuldior. soibéadphidadorsfthd HE

| NVENTI ON The present inventi.on rel s to, REI D devjces, including handhel d
RFI D devi cos. - angoPanr PRt o b S il Pob B SetoR ety

appl i cati ons may whigh oaitcaiise thecagte dédomn activited uningambortaliyat are associ ated with
an RFID tag, and optionally a magnetic security elenment. The devices and

applications are described with particular reference to |ibrary materials
such as books, peri odRadinl feequeaeyEAfigesal the typadisdgsed indl.S. PagntdNo. €7H%401
applications for r M\ | ARV

oRScR 1 on o o ﬁlgg&hllﬁée} 'E%é%‘@%@?’ﬁ-v‘%“"n@?%ﬁ&‘}‘§@{1§§???’%‘?Wﬁg o eat er
detai|l with ref etheteswhep ittharbeen sunablyaopamitigedrty on adcessamh deviee] dni therehy/begks

represent |ike stiighieubis RUIIRE RS, SONRRRIn R Rave Aethaif it 68 1 205

Figures 1 A an are schematic illustrations o i o frequency

i dentification Fisglganopaddeesytheisprespiephanced sequrigpendidenéfiesd®i nent of a radio
frequency identification tag; Figure 3 is a schematic top view of a

combi nati on 20 Pl ek e hRStS e ) DR o
companies, including Motorola/Indala (see U.S. Patent Numbers 5,378,880 and
5,565,846), Texas Instruments (see U.S. Patent Numbers 5,347,280 and 5,541,604),
Mikron/Philips Semiconductors, Single Chip Systems (see U.S. Patent Numbers
4,442,507, 4,796,074; 5,095,362; 5,296,722; and 5,407,851), CSIR (see European
document numbers 0 494 114 A2; 0 585 132 Al; 0 598 624 Al; and 0 615 285 A2),
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 to 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



-5 Figures 5, 6, 7, and 8 are illustrations of conbination tags according
to the present invention; and Figures 9, 10) 11, ! 2) | 3, and 14 are
illustrations of various enbodi nents of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The enbodi nents of the present invention
described herein make use of RFID tags, ,and preferably of court>ination
RPI DY magneti c security tags. Tags of this type were disclosed in U S

i cation Serjal Number 09/093 120, filed 8, 1998 and entitl ed
“Vlent 11 cat | BHOPEGNPER EianDb 83amict Hodh e ninied ol eBiinGd o che

assi gnee of tdimafided secdnainRpslithiiods, sadhchs waibrabyncor por ated by reference into
the U S. application fromwhich the present application clains priority. A
detail ed description of the magnetic, RFID, and conbination tags used in

conj unction w t frohife RFEQRMHE WRBIsSIoR it shbifd B¢ @&e Mat iheQRd d Aimbesofdescri bed in
Section 1) below .and the enbodi nents of the present invention are then set

forth in det aippliationsder RIJR tags in yaslowsygnvironmegig én whigh the kleptiy of e tagged Wt h

Enbodi ments Ofend i fngdr@se For &R PONPUILABn WEE Fo/0kd60, fubfishedbathaipat s of the
i nvention described in Section Il, below mnmay incorporate both object

i denti ficati off9&nef assigesdite GheckpeiniSysigms, fncy deseribsan inventery. sYSFHRYSINE ef er abl y
i nclude an el ﬁdi@?rﬁtwiimﬂim'@sf %ﬁp@%ﬁh!@exﬁ&d%eﬂﬁ%'a&{bh&tﬂemxﬁ!ohf}%tate@Ehes' gnal ,
t that eto a

and an el enen I's responsiVve 1 radi o frequency interrogation
signal . | n oniseefiNHM taesin libratyanateriglsewhichamanthendeshecked eut aptomatieally by o
provides the ; rR%;tHg I8 dL@m: QOG LY e L SR N umblie term
"responsive" 'ﬁntggﬁgﬁﬂ%&gt e gagr%? g’f(t'?n% ¢ :ﬁﬁggg%eéfgﬁétm?%%n??on, '?i h"zg{n t he

el ement pr ovi efémpartanedr degjiable dibianf agothet invantagh fnctinnb jeswinghiattage oy appr opri at e

interrogati ondegén%wm éﬂ?ges@egﬁhm %ﬁ%ub%{%ﬁ-m s are described first bel ow,
n of a co

foll owed by a descrip Ination tag. As will becone apparent,
the enbodi nents of the present invention described in Section Il, bel ow,

may i ncl ude eé@%#’@?&%wpﬁl (r)r[le, or a conbi nation of an RFID

el ement and A. The Mageti cail y- Responsi ve
El enent The nagnetlihe atesent mespion silares 1@ REMEdavices inpluding hardheid REHR devices, | ow

coercive force, hiah.perneabil .t rromagneti c. materia yeh as the

material use cr'mld HPFE'%E""E‘E ?olr Fs)%clg SdSYu(:]Qé‘bfgﬁe VBN ap;ﬁnca 10ns’ may LQ used' fh
connection with items that are associated with an RFID tag, and optionally a magnetic
security element. The devices and applications are described with particular reference to
library materials such as books, periodicals, and magnetic and optical media. Other

applications for the present invention are also envisioned.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described 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 illustrations of radio frequency identification
tags;

Figure 2 is 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;



-6 the M nnesota M ning and Manufacturing Conpany of St. Paul, M nnesota
(3M under the designation "TATTLE- TAPETM' brand strips. These strips, or
mar ker 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 ref#&rence herein. Exenplary |ow
coercive force, high perneability ferromagnetic materials include pernmall oy
(a nickel/iron all dguresaind, hiaghs perilfustratmnc ef combinpdivousgsraetabisg subdl as t hose
avai l able fromthe AlliedSi gnal Conpany of Mrristow, NY under the

desi gnati ons miﬁ'bﬂng'f%mgnd Met gl as 2714A The magnetical | y-responsi ve

el ement may be eit IFgur&i N0 & 1S1ALBSN@N4 alddlluseitdhiIsh vad enenmboticheMd of the nNat ure
of the article with which the element is associated For exanple, certain
ref erence book®®iR PYPPYti es are not to be rempved fromthe library, and
thus a single-status (non-deactivatable) marker woul d al ways i ndicate

whet her such a _book passed within an inter&&gati on zone O her articles,
such as com@mﬁmm } gI?Ngopds, may require a

dual - st at us marker BgeRbRdivents O thOFkseIBnliOLAEIbeE h&eiRARKOERDIREAPEr | Y
processed the marker may be appropriately deactivated to prevent detection
by the interr o pehPrelsitPlyof comitinaion REKD/agnetic saelty tagsi S2e§@ARYSR®y provi ded
through the adgitisRBoRb isO%t !A?E'l%a@tfn RANG e PEI/6d3vizb YRIEPARE ] RopRierial in
proximty to the l'ow coercivity nmagnetic material, as described bel ow and
in the Petersotiped daentifieation fos Mt dinbapcedeFaspratnd avhigh oxpe ass@aed tgithe
megneti cal | y- r apaRg MR pRlsElBVEMRANEwhNRctrkd Yy feRrehth i tnEBgNet i c
orientation rap?igﬁ% V\%]eﬁ Sassed "throug%ﬂacc?@y{/h%r_eyq_ugﬁ%\sé g’_ ternating

magneti c fi el depplctipiy frem whixd the-preseptaupplisrtondiains prigmidy. t A dpteidadidescription of

predet er m ned ETREDI fmd" t : rgcei vi ng
coils of a dettggﬁggglghe _sWﬁdccﬁﬁgggﬁ) ﬁrtmég ?’%)er?qggmﬁ'ﬁgﬂﬁ]a‘rﬁ&&?gggg%& 3t/s Q?s
control | ed by thheressatjinuerntipn isidgseribedin Seasion d.thelomi, gl thoembrdimentsofehe el enent s,
or "keeper ele hSinv £S8 & ; magneti zed, the
ability of theﬁgn%rﬁg‘fcnw{}rgy%et?ca \ﬁgggsl%ﬁtn?%ﬁ&ggk%gﬁg' forth within the
alternating nagnetic field of the interrogation zone is altered, and the
marker Lypicalyy | s 0ohgdaligiady Y6R EMBoISREREL: L BIEDN Fivalihn |
demagneti zed, n al on, enabling
the interrogati on solgwosedivwithdbe ehodintestsmpf deémeatianfdesdnbedhin Seetion IITheok.eeper

| b . . Ef . is k i. : Th
mar ker - assonbl Joraep agtER oo ok B ARG U R SR Bl SR by TG

mar ker assenbl I'nc ve on oneé des ther

enabl e t he narpreferably inzb:db @mcledierit thanis baspénsoe tos megnenie intetlogationlsgnadindsi ve

| ayers) may be_ c [ vabl iner. .to prevent esion of the
mar ker to an uarﬁen%ﬁ%hglg%fqgﬁe??oé@gp %’rﬁ%@o krgquﬁﬁgl’f'lggggag'ﬁ" f'%"a?ﬂfé At ended
surface. Theseemtodinght)Ere magattisrlfysrespondivesiamenkdso poddasithe/ananaa hethe ridimed i n
the U S. Pate Nos. 3,790, 945 (Fearon),. 5 083,112 (Piotrowski and
553l 313 ( KonTSRer-1Fplnesfileb SRE A “ceonsive rirhug, i B¢ ClBE blwe PO,
frequency magngedent inteati@ntint Ok elelied piovjdes mielligibld ihfoemitiontvahes bubfEcdd for aim

detection, they may be effecti y.,used. on wi de variety_ of itens when
security is i n%BF"tpéﬁF InteEPEALRY) %ﬂonghef'}qé"%o "H@‘S&E’a@ﬁ‘f@ﬁgﬁt b§IRYr eact i vat ed
nor e conveni enfoligtyedtya-esiniplion ofatdmbiaRiatgd| As Wil decofRabpdrént P! oyi ng ot her
EAS technol ogi es, haking themnpre suitahle for use in certain applications
(such as Iibra‘?"i’bé’gweﬂﬁggg‘etpfﬁsgmW&P'&Ef’%ﬁcﬂgﬁdi‘%S?°§°'hﬂg‘|’ﬂ"§*‘“d%"’§i"?°§’5Fé‘.heB. The
Radi o Fr equenci-iigpRR[vhivAorlel STEDMbRMIR JfA9RFIRedét 8hd DRbgREE deh@itPl
passive. An active tag incorporates an additional energy source) such as a
battery, into ﬁl%“f-ag construction. This energy source permts active RFID
tags to create and transmt strong response signals even in regions where
the interrogating radio frequency field is weak, and thus an active RF1D
tag can be det ect ed\.-akheddagariqally-Besgonsiveidilament | the rel atively short
lifetime of the bat g : ] i.£d on, the
battery adds to thérth gf")zéé*egg%&?%%? I%B)Td §tﬁ g‘t‘%@?&@%ﬁa}s&?Ségfg’ggéo gﬁlg\gderéé’t he
ener gy needed high ppowebilitynerromapnkticomaterad suchtas theogmdriahgsed atho stfipsssglddiycy
field) and uses that energy to transmt response codes by nodul ating the

i npedance the antenna presents to the interrogating field, thereby

nodul ating the signal reflected back to the reader antenna . Thus, their
range is nore |limted. Because passive tags are preferred for nmany
applications, the remai nder of the discussion will be confined to this
class of tag. Those skilled in the art, however, wll recognize that these
two types of tags share many features and that both can be used with this
invention As shown in Figure |, a passive radio frequency-responsive

el ement 10 typically includes two conponents: an integrated circuit 12 and

e e oy N " N o - o,

" R o
i



permanently store the tag identification and other desirable information,
interpret and process commands received fromthe interrogation hardware,
respond to requests for information by the interrogator, and assist the
hardware in resolving conflicts resulting fromnultiple tags responding to
interrogation simltaneously. Optionally, the integrated circuit may
provi de for updating the |nfornat|on stored inits nmenory (read/wite) as

chroutts. sut (OGMTRRE BEor NORARUAATO BHbant bECP R bM I FRVRUET.

Texas | nst r unbetisignation fTATTLEFRABES! br'Eargstn;bs ITihese sofps,pir adtket sspmbliiks, | | ps (i n

their 1-Code, are .and Hta S oro].all . and
P L o M A IS B R et M8 LK e
depend on the(K@ﬁistg)“aﬂ I0RGI086 (Pegerfonk Gheeidftént® bf Wiieh AREInEbrpératel By refdrenchie tag
For exanpl e, (or simlar) RFID tags would typically include a

di pol e antenH%Sre"érﬁi‘ﬁm%Wt‘%c‘P‘irﬂ Preg; g l@r%?'ewn%{?%%!‘iwwmluaﬁre 1 A
or the fol dedpe%anlyqa aete@n&aaro}ﬂanﬁm%r\nr@trta@émrmut Reraks 36k Qs fHogauency
responsi ve el enent in Fi gure or simlar) RFID tag would
use a spiral %P‘Ia&’lﬁfrmaﬁ‘?éﬁw& igugh Comparsnef\WMorEstew R uRdsr the desighalians f r equency
responsi ve elagBnt 236 bt MLt 87144 | N ei ther ease, the antenna 14
intercepts the radio frequency energy radiated by an interrogation source.
This signal energy carries both power and commands to the tag. The antenna
enabl es the RF-re L J power the
| C chip and theref)I{?lggﬁl %i{/e?igﬂiyq ésé‘ls"%t?ﬂ‘lsai‘q'?”g bg@ﬂ{ ngé%Ug%tW{i_rﬁdggSstﬁﬁﬁ,e

char act er i st idspenglingtdnghenatuse nbthererticle path which thectlemgnt inessegatedeior n which it is
i ncor por at ed of .t : i range,
the most i mparPARE SREREfeBlec B0 PRRLAWAIL el ol e tfank ka1 PO
ef f ective | enbuse siglastatup@ios-deastieataide) mprkseveuld doaygsondidase whether sichbose to a
hal f wavel en e he.l jon signal. In
the case of (s BisBUARAEIRC L TYECING kel U REERRORRELSY, ) 70,
exanpl e) \Aherxeatmaﬂmrfconmmelaegqtdh rgaytrequira a ideal-stapys amthecalscrmhse s¢ thatswhes
limtations t { -] nd the
number of ¢ urte A rerta PR ARl Fal¥h RRRa P UELARER o8

el ectrical cameNeot depdctign bysthe entpmiogatibn stﬂypﬁ déual satusipnetiogalityis Bergrally opper or

al um num woul h Rt f n c netals
such as per n&q?\g%dqgﬁ)ggh {?\g ddé?&(ﬂ fsgcg rgH)? ugrleﬁ coérpglﬁg%@grc%ggﬁe#red f or

pur poses of tpnpxemitpwethe lo&ncoetcﬁvnymagd\esromawpdr&saintcnbédatelowwdnrnqbcrt i npedance

of the sel ect E anee of the antenna for maxi num
ener gy transflge?Ierso CPEQPP' om e“c’]% n a)%ebut antennas is known to those of
ordinary skill in the art -9 from for exarrple reference texts such as

J.D. Kraus, Anten . capaci tor
1 Gis often i ncl ucf 5'(‘ g“eg'gal gs@b‘t‘snveqeme Lav n’tfea%’ohfy ® ﬁ‘é"“?rar eré as shown

in Figure 2. oﬁemanapapudlyovheﬂﬁassmbmugr emwrﬁequdnuyrﬂtemahg mqtgaemﬁehgsw equency
of the tag t ar _val iS IS desi ni ng maxi num

oper ati ng.r arbecEioh K 7 eraialrapt Mot Breer Eires Bro St FoRe o, The
capaci t or nmayhainidyde ditected bli the reeéieing coijp oNedetectonr Therévaghiag Gactiantod thehe

antenna as desc i bed l.ow. . | 0 t ag desi arti.cul arI t ags desi gned
to operate at™ %?’;?St?l“gﬁ 't?°888'geﬂi’r£5§5,m ﬂ?f‘r"rmé?g%tf%eﬁ:{%@—lfigh czgertcﬁ’ﬁror ¥ capacitor

i sdnot requi rewheﬁheoﬁ‘&e@ﬁi ¢leientsS” SVe teseCkesyer élhﬁér}ts ab magneaied) thd;tidnyt he

i nduct ance p t he antenng, er requenc onposite
St ruct e giob s Tykero nagne RS S by S i s AT B el e L
= induct ance df ithe iflef6ga6isn z@teossmleredrmti ¢lxafarkdn ijd:@ﬂi)l i a6t dereledt When the equency

of the RFID system The capacitor Ikso beadlstrlbutcg‘I %mtor as
described | n KeeRer clemenih e demagnaiized dhomey frFaR fgaiyperfprny the syitching pNCHENy (T4 t
et al ), whi %aﬁn@tﬁﬁﬁbﬂ%ﬂoﬁ Ebu’rtho Bh&d ’EHel%gsﬁfée 6PRA Mtk e lkepeeSi rabl e to
reduce tag size, particularl hi ckness, and to m nim ze manual assenbly.

In operation, elementsipaybe Provide m@ffmmww pdeikrovmiethgaficy- r esponsi ve tag |10
is interrogated by an EAS security system 100, which is typically |ocated
near the point at which the tags are to be nonitored. An interrogation zone
may be established by placing spaced detection panels across the exits from
the roomin which the tagged articles are | ocated) near a conveyor carrying
itens to be nonitored, or the like. Hand hel d detection devices nmay al so be
used. An interrogation source 102 (typically including a drive oscillator
and an anplifier) is coupled to an antenna 104 (sonetines described as a
field coil) for transmtting an alternating radio frequency field, or
interrogation signal, in the interrogation zone. The system 100 al so

|ncI udes an antenna -10 for recer vr ng a sr gnaI (shovvn as antenna I04 and

. o o, v A N~ o



The interrogation source 102 transmts an interrogation signal 200, which
may be selected within certain known frequency bands that are preferred
because they do not interfere with other applications, and because they
conply with applicable government regul ations. Wen the radio
frequency-responsi ve el enent receives an-7interrogation signal it transmts
its own response code signal 202 that is received by the antenna 104 and

transmtted to detegd@irkér ﬁ@mb}hﬁ&y@ﬁfb%ﬂlﬂé aflR&E0I@BoreS bbRsReNheeof] dent i fi es
the tag (typically based on information stored in a conputer or ot her

menory devi ce enadBthe madrer t9ibsdondet tonbepks gthshartide E%@hﬁ"ﬁﬂ%’ DU OE ed.
Various modi ficGtddM% réhotdBR h'nér wrmh%hésyo%t&me%ﬁkéf@&xmmmeﬁdm)se of skill
in the art including, for exanp usi ng separate antennas for the

i nt errogat i onswiae n@orﬁgzmdw@tmh@ﬂ@ente@tegsur@% Thespandehes featurs ofthagl e
antenna 104 tQap} éssédaéngﬁ.terd@&ﬁged iVREY.S, PG B08l080 ok, 9ReRl ) 1 cant

anounts of user accessi sonetines 1n the'fo ‘read-only
menory or wri (Pietrewskd, andnfpid), 31b0€0mlm)sillpmcefmraa¢ﬁl;yrofefeecwbgvet he user the
ability to repeatedly update the nmenory by rewiting its contents froma
di stance. The anmount of nenory provided can vary, and influences the size
and cost of the inBezc@ris;:tlewIﬁtciqueouimagnemdélmrnmfofﬁﬁstsﬁ@eﬂﬁmulﬂqmﬁedxbﬂnbry

bet ween | 28 512 b of t ot a oVi

economi cal | y. % ?'OEXaﬁ’bﬁney &}Sﬁf—‘lvﬁy aw'ggb%ég'f&é 5" Sefur?g’f'r"'urrents of
Dal | as) Texas)mponest: Ihlaédides thgnaby badéadidgted tiiid :pmwa«édzmo%ﬁm{mnteml)of user
programmabl e ne in.addition to erved for itens
such as the uﬁ?'gﬂ%%ltyaﬂ’dsrg?w%ﬁuyﬂﬂ ers\,eér}piqyglﬁ °é'ﬁ5%ﬁ @?’ﬂ?rﬂ‘@h
information, alieeth hdre shitdbk. forSisarinl dil‘thiy apiiidatfdind (Qudhoed libtadied) alhkre this om Phi |l i ps
Sem conduct ors, of  Ei ndhov en Net her | ands, under the designation "1-Code"
provi des 384 Bi‘atr%ct%’rs"%’ég‘fg Bféiﬁ‘iir ®along with an additional 128 bits reserved
for the aforenentioned types of information. This user accessible nmenory

may be exploited t hance t he forman of an itemidentification
syst em depl oyed, fgﬁné%gﬁ@%@qsé% %94 ronment. Presently,
l'ibraries identifyRFIBHEs &y b8 €idtieNbdi@e anpe@mel galactRangdideorporites i que
identifier con | ne in this baﬁcod IS use;jhﬁto access a _f;l rcul ation

dat abase incl @ ALPEIBNSPYCH FUDidG B B2ty M9 fhg tag sPnstiHeH At THYE8hdor s (LAV

sof tware), vmeﬁﬁcmteﬁ.e@mmaagmQfeaﬁtah@nar@hﬁtstroﬁmspan dgnms pepm@nent | y
mai ntai ned. Wiile this sg/stem has been hi ghly devel oped and works very wel |l

in many appl i egiqng where;the igterrogating radipdregpengy el sk, i ithugan active BEIRL ¢t i on t o

the circul ati g ddababasaemsgteadaemﬁgé Fdvrevhe the FQarivelySRst life@nd &ffthe mat i on.
This limts the avail abi I!Iffﬁ{)i&(e i nformati on whén an itemis at
i

a
| ocati on rempt@tery iitsthe y °8H‘et‘%£ tlp pddivpgy the hauery agds 4o the sizg,and cgdty j eva
of i nformati onsihe@ip LABassive GRb@ Ve SR ADRERIGEPowaTRE laPBImItRAUI r e _an
unacceptably long tine, partrcularly during periods of heavy use. By
storing cert aiiereptingradioifieayeacydield, AndysauthiloReren L taSRItFEPense codsyldh  of
these |1 ¢ at inpaBiafitnd R MR ERE R SrifchrBEAMTREL R r%g/' ch coul d
i nprove the performance rary i nt| icatlon syst eml? resent on
the RFID tag |n10§@latﬁnamsngnab@ﬂ@t&d|bbcla\oyh«r wgedet aritermat | Wws,thevirenge nmhern) wi t hout
accessing a d ielr
conveniently ?‘“ﬂg‘fﬁeﬁg bgs‘s%?ingf g‘*ﬁ’ﬁf*rﬁ% "{ﬂ’ﬁi ﬁéﬁ%hﬁnpqhﬁghﬁﬁ%% Rer exarrpl e
of informati Otdlsgmabmwdﬁqupﬁ!eémmlsahsmf t@:ITIDosaaayllied #ethé anydoivevehevith code
desi gnati ng k a vi.d ota pe, a CD,
or sone ot he\rwi&% Ze%qgéségve eso c?gs? r %?ér% uéﬁs%gﬁ%l}g&h% Ok’é’%rsrtliedgll| a type
code speci fi edvithihi$ meerivh St andard I nt erchange Protocol) which is avail abl e
fromthe assignee of the present invention. By inmediately know ng the
nmedia type, a library's material nanagenent systens could insure that an
i tem was bei ng appAsphowatieFiguien O£ pasiedraio tfir@ishcy-regpunkive gleimén® 10/ gpryllyand
i nconveni ence, o@dconsul ti E}? a renote gl rcul atl[l)é)n dat ab%?er QO her exarrpl es
of i nfor mat i orfPC&HIFS G @MPETents AIIMBRIRSE FiETyitil AT eharteand i Tapteaed
apparent to thpaf prévilidseik primabBen@ifcatib Rinbfh. 3 i8Auded smz@@arﬁl%h&lﬁyﬁ; ems
of fer an advantage over barcode-based systens is in the identification of
multiple itens. By using sophisticated software algorithnms, RFID readers
and markers cooperate to insure that all itens in the reader's
interrogation zone are successfully identified without intervention by the
operator, This capability enables the devel opnent of nunerous usef ul
applications in the areas of inventory control, itemtracking, and sorting
that would be difficult of inpossible to inplenment with barcode-based
identification systens -12 C. The Conbination Tag As shown in Figures 3
and 5 through 8 the conbl nat| on tag 20 conbl nes a magnetl cal I y- respon5| ve

o,



The conbi nation tag made according to the present invention may be
interrogated two ways First) the RFID interrogation source would use radio
frequency signals to request and receive codes fromthe integrated circuit.
This information would indicate, for exanple) the identification of the
article with which the tag is associated: and whether the article had been
properly processed Second, a magnetic interrogation field would interrogate
the tag to deteananenily sirethedas idpmifinatign end whqydesriablp inffrmatidneintagprkiend as senbl y
was active. I 0 source
woul d pr oduceJ r%ée?sg%oqg'ﬁlagggreg&ﬁr@gy tgx\ﬁofrgg%l%}é? ?rgﬁgrt%hllac&totﬁ {1%% ktgg) article
had not been mfbupaanoh}ay preogescuathr, Bdesissibe hivdwaragrresdldng sonficts ogaltinon is nore

resi st ant to h|eI e ralofre uenc r.o iQn, the magnetic
ot onor ¢ st Bl dads MBosdiR BRGNSl P EHRY, PR ' The O e
feﬁit:) ures of bmbﬁraﬁﬂgﬁﬁﬁﬂrﬁa}ymdvlg?ﬁb&ﬁdg@@tm’lﬁfoﬁgmnm%hdhmtmmanmngl e | ud

conbi nation ta In.a pre red enhodi ne the c n n tag, i ncludes a
magnet i cal | yr(ég%’ﬁg?)\?é BRos tr(?tJ‘“‘f WF \hgﬁ‘?cf'ﬂ‘ﬁmq %Z’ %fjs "% a in the

circuitry of didagits'sankibRe for @ﬁu:em;m maaemaw@th@deammble fr&M 'Ee%s\llﬂslﬁhﬁfeﬁls
functions, the antenna nater must exhi b | ow magnetjc coercivity and

very hi gh madHefeie THdP sedes- It ht“i/"f(ﬂ’?ijué‘é)r 9@“%‘"&!\“’%“'??% Mifpreand Hytpg Ype
el ement), aanf@SPéiﬁEt@)t ®AdkStoll 1Bkl L bRCSiFdCalip SAREHIChMHglovhets O function as an

efficient antenna). I'n addition, the geonetry of the antenna nust be

conpatible wwth both functions. In this enbodi nent, the antenna could, for

exanpl e, be fabri %E@ﬂerflfa%%lﬁﬁmh 1qﬁb\semarues&ld%\4 t@d&#&%kra@%éqﬁ&ﬁ?h -13 In
er

one enbodinent, a 3M"Tattle-T brand security strip,
equi val ent neafitks REDgrogias then‘@g/ }Béemtt 245 GHzi(pregmilagh lﬁﬂpéaﬁrwc@ﬁlna to
hi ckness of §Reaydcllic 450k anfiine Wl ss hERNENIS MBI o Habien
frequency andtonée f@ﬁ%\#@mléﬁmwwya@wmwamﬂ B bhragiofsagdencaspansive y) t he
el bl ng. Car ot or s CP R PH AR 1 S P O e

" HyMu80" )g or tg?ﬂ aammdﬁbﬁ Sbn\gwlasiwért\o the rcldlrmfreqamv r@mn@w element feb in
Al l i edSi gnal a [ and
"ts Tength wadba patarans: ¥ | ierodd e SAG cRThGRL0 RO, 2
term nal s of antpterpgagign squees. dihissignal eMYoFaB@S bmwpwamcmﬁ@et@aeto the
gai n have establ | bR LlbicrhEREIL R PERALTIRILS gl TIRANGE o Pone!
f undament al  dtoner thed@lichip land tiereby provideibe wpqnh@lodmpip@md)rﬂalsum num di pol e
antennas nor @bl etiidofthd muém Phut b ma&z ﬁ@%etégaém i Witk fiRSrpexRact ed to
perform both functions satisfactoril V\eh magnet i cal | y- responS| ve
el enent i s ud@dhegssenf tagsoperapngin tlwfhl&hh@iam@lﬁmnmrhemt imgeptant
¢ equency-  SBABASH B Bls B IAIE 1) BRLS RS SRl ek s
bet ween nul t i sslected baeviratit s cloastostiuaifmvavatengihgurmaltBle, hatﬁrwavalwgtmtlabsence of a
i ar oe. 6. 7. iaBion R CHRPLAELs Gl Shl A ATRRNR LG RN RebISRETE, D)
capaci ti v;a c dvplzj ﬁoggxamuple) wdueblhwléwmlefgth angcr:jnagujmpsatetmtmhttamenna corrpougent S
as parasitic nna ctor and di.rector en [ a
antnnas) or 'BOHEPROUE FERTENChe BRRETE i PRATE S B RERRS SR, g
shown in Fi gusreth8artemmh delk For both ahtenmasypes geod élénmmagmaidumtymt@mrail The tag
could be, for.exapple, a 1.13.56 Mz tag havi an tenpna structure such as
14c¢ in which ?W&Fg&efagéf’g}asscgp%er B?%‘U\%E}g‘dwﬁ{’]‘glbﬁgscg%“h&hg"i Y ove t he
or ovi ded.  The. com Tat Ton 8 20 Shoun. L .l QULe 5.1 hel ides & phystcal

provi ded. The c ation ta
connection beﬁrﬁégﬁj {‘]’ﬁéura?ﬁ% His syentipp K fs 3l ‘Wﬁ%fé"“bﬁ*‘a‘r%hﬁﬂé‘ft IR g@”)‘(‘r"gsponm ve

material, andné Eb@ecteatle%@tnﬁ%h%éwbdanée?enmﬁtema mpmmmﬁewrgﬁlr@mem s or the
type descri bed above al SO -14 may be applied t

nmagnet i cal | y-Addifsalinfoematign abqua pytensias ig knpiwnjte th@ﬁsfofbéd'w gl inkg 4t act i vat ed
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 electrically coupled to the

di pol e antenna by parasitic dipole coupling to provide a conbination tag
20a The di pol e antenna 23 may conprise either magnetically-responsive

mat eri al or non-magnetically-responsive materi al



Figures 7 and 8 illustrate enbodi nents in which nore than one antenna 22 is
provided to electrically couple with antennas 23b and 23c, respectively. In
t he conbination tag 20b shown in Figure 7, integrated circuit 12 includes
di pol e antenna 23b, which is parasitically coupled to antennas 22b.
Antennas 22b are nade of magnetically- res%onsi ve material, and antennas)
23b may be made of nmagnetical |l yresponsive material. In the conbi nation tag
20c shown in HFraguder faamde,rra@teoceﬂ%qwehesylrlés*fgr@mnvem@bé?meth 1958, MaGrawy pe
shown in Fi gur}%”%n& SNQ‘QI‘Y%?T‘Q'[I cally electrically coupled to antennas 22c.

Ant ennas 22c are nad gnetically-responsive material, and antennas)
23c may be made of rragnetl caIIy responsive material. O her vari ati ons of

t hese enbodi nents 2\]3 5 r |s g Ic_}cr? o: 9 er}%l eg})h cknzﬁ?s ar{(e

conbi nation tag shoufd %8 S Peliied 0,0y %SFé KB € "R ég to be

i nconspi cuouslsfioywh mddghron mhe dapacaor 1&( he @esehiptunesapieeting fiequcagy afay be
appl i ed vmthaheswe bet a f_a book, and it is desirable to
Toke the tag (e ERRHALS SHre s BERgTtl oRhnEh By BB SR end of

the book Conved iniig dofplidiey willeregRtbB)reqiieMbts. OTHe dapacitér M= dithgr belai ck, and
the overall thjckness of the tag 1s preferably |Iess than U 635 nm (0 025

in). The combidbsietGePMPRRELAF "t‘?ﬁaéedl'nK?éPﬂqn&*?"Wetfé'biﬁrW"ﬂé&SP'HePaSI| form
to enable the &H&&”ﬁ%rﬁﬁxlzﬁ?%ﬁﬂ&ﬁg’i\kd ennuaeagwaph@h ﬁ'e&lﬁh&ésdklﬁ:h al8@s to
articles This general sysfemis describ in, for exanple, PCT Publication
No WO 97/ 3627 \WaHRE GaPacipr i not|reaired dﬁlm capasitefi ingelacis se dgs Wheheougled nor e
surfaces of wWhi el if@kRE ;5}9»4@&1%9 utaxanennaamaeébxae.t frSdehly ¥ 112 BRhESHEN €
sensitive adhesive), may be renoved fromthe roll and applied between two
pages of a bodkmeH@aB'V?’tQ:)’ bi ndi ng. A page spreader may be provided to
facilitate insertion of the conbination tT ot her options such as
Béaﬂ

sensors to detect the position of vari chents in the system may al so
be provided. -15 The conbi nation tag I's éGed to have particular)

al t hough not eﬁglu5|ve use in the processing of library materials Library
materi al s haV|ng an RFID tag of this type could be checked in and out nore
easi ly, perhaps w etdpatiunar(indasidgt ance. That is, the materials would
automatically be CE$Ck§dt°Ut tQ.a articular patron (who may herself have
an RFID tag associ bage HL °Tw rary card) when the patron passes

t hrough a suitabl e detection zone and checked back in when the patron
re-enters the I| nvent on _may al so

agsi ot i | nvalBy PaIRFHbE e o Srency o s RENSpelep TeSHAH e

adm ni strator Salstomelaemmliureaekpaeuior ABdatitel & UISsPadt Nneat,sls)man'nhncmait)l nuousl y.

These and ot her f e i nvent i.on be brought to
bear on ot her §B61 %g ‘Fgrﬁg cvﬂncgsarm'g?eldj? th%ﬁP?%ﬁds‘iahacétf'&F &s)

war ehouses, anidsitabk tbirddace th@snﬁﬂ@iﬂ’kﬁrﬂarl@mﬂdbﬂmﬂ,to iivimigonbivabdsseaidlyt ag coul d
provi de dual - status marker information both t hrough a magnetic response

(i ndicating whether the magnetic features of the tag had been activated or

deactivated) and t iy eptgdiion, ds3kbve ih FigGleaN Gy ridRSPEERy réspahshRitaghgD i hr ough
t he use of approprl ate software, whether the database or the nem)rétson t he

RFI D chip itsdMeregaseidy ap EAS seqvatyisysiem AAQY vishrs tipieally fncpisd asay otk ek ed) |
The fol | ow ng Jax@nBe Bgs Be @VbetBonitbick] Awt&rh%,énnzfoﬁmwbmtaaﬁshwa he tags
used in the enbodi nents of the invention described i'n Section I'l, bel ow
Exanpl e One A RRsinBispaces dsieatiappangls a?fﬁi}éhq grtafien thednem invbiph thesgebsent

i nvention. A p‘%dm'aknxca%dr hddr pa&d réxd@rneﬁ@tnle ithed) drad mcefmmthe

Car pent er Technol ogy Corporation ng, Pennsylvania under th
designation " M@Ctlmvmsﬂwtﬁbdb@ used. padnterfagrtianrseunsa Al Grmicated by Single

SSLP&’.@&?ZFJ’%@%? Rl ot S 06l Bl e 3 g TR O Rme ) 16 4

G cm (4 in) | alespribddhas a fiekt cofl) b‘ct tnaremcmgsansaltedatmg ralicfrapemydie803 2. 45 GHz
t ted t The de t hat
xposure 1o a weqessie Lyt RERE SR atm 6 Pone R <Py e D g

the LED woul d gl ow, providing an inmedi ate visible confirmation of the
proper operation of the powerreceiving portion of the device. Upon
repl aci ng the standard ScS antenna with the -16 prototype pernall oy
antenna, the LED illum nated at approximtely the sanme field strength,
confirm ng 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. The spiral turns conprising the
coil are fornmed froma magnetic alloy such as permall oy, either by etching
(physical or chenical), die cutting) or-l@eposition through a mask. The
straight "arnf portions of the coil serve also as the magnetically
responsi ve el fonteativing a sigpal @h@esawtem)l%md somptemes desgobed as amepenvingf t hese
nmetallic ele shd t magnetlc
Secarity por tukmgydydelb 0P FReaing iBlalsBpddiFedte i ERRTR o ontbfe, ™

coll ection el enents prOV|ded at the corners have been added to t he antenna
coil to overcomne is limt J%e constr.uction shwdn E{'ﬁgure?)vvould
preferably, inclu eémﬁ'éci%té‘?"ts&"cﬁé FAGPHLAN (reReates He! 199> P MPhe

?per ating fretmseh Jecrgd Withﬁxhma&fﬁxﬁw:cﬂ&eﬁl&ntﬁﬁnwwad&fd ;beférl;édﬁeewsegﬁy d®not |
requency. The characgteristi.cs, of t ant enna scr| e t hi s exanpl e
were conpar ed'“W‘JF]rﬁ ‘Y‘ﬁ‘é’ E‘iﬁé’t‘pﬁ&*’t‘@f‘? 8P4 Resaust then gg‘“’&(ﬁ""?%?’%

frequency integiaions WheSt tio f?é?,derﬁﬁ‘-ﬁ?@,b’&ﬁwﬁ Gl@ﬁ@u@&&rv@s%eﬁtbﬁ&gaﬁ&x wer e
simlar) it is believed that the antenna of this exanple would function

adequat el y i nSSRURITARMiH it Prhtesronse cPHesIENhAR: thit it igcedied bhdhegpeamndd nvent| on

descri bed bel Q,Wurmfmm%@mede{ea%r 165, U184 d18c b HEcSHaY memrm '?dé?xbﬁéﬁmstta or
conbi nation tag, both of which are described above nbod |msnts of the

Present | nven(tipnellynbaed op infoumation wiordd inbepetuter oCabeitsngnary éeviceB8agnde RFI D
tags may be Sx'akég a@&’&\ takdd M lthd é&h@ﬁ%&a?&‘&é&lee\ébgaﬁ #ﬁ%ﬁl‘b %Hh)é iR¥rded | Prary

patron, ten | mportant to Provi gnetic security
el ement s | n tsyetemagaglemwmtmhampfmﬂmtham mplnélfl@rfa‘rﬂxymmn mlheswam tag. Wien

the magnetic geGHLd hYihe kn%ggndn%oxgyéa‘lé)2%?¥hlé%ete%ﬁmmg Pﬁlt‘:a&f tH sil gy be

sel ectively activated an ivate s status 1s typically changed by

t he appl i cat i antenps 1@4 theighdlestreteli el d to that el ement. Magneti zation
operations such as this have no effect on library materials such _ 17 _ as
books and magazi nes, but can have harnful effects on nagnetically-recorded
medi a. The i nvent iMedeRFRBIDdessi abse prvide s'rmai@nrem hmommszbdriacdeesébl@mtm such

probl ems, preg‘og{eg,%_ym FH@,Q,P%; WOy N, %ﬁHPm.(éba(,cé JnQﬁ%Wbu hidld ¢ pre Ong]?ers

shown in Figure evicels e rea rom an
RFID tag on atrrffermethe userdhe ahiityatopertentodly G;atad: thbwekory by rmrheg nmmsqnisal

Pr ef bl t - RE| I t
Prefenably, (i bOLSLIEHEInEGRITLLATL LGSR LAPMIGh NS 8 Ehgnat i on
to insure thecqgwfpknm&gb@éqmwtpoprom@éwsllﬁ@ tof. Typacally, batwedthB28F%tk Brddevi ce i s

al so equi pped5 b4 btnlg' o?‘to%?Wex%gry c§HE&r§\§dedQ@onomxcally For example an RFID tag

available from Texas Instruments of Dallas, Texas, under the designation “Tag-it”
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 manufacturing
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 deployed, 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



coil, designed to enable the activation and deactivation of the security

el ement portion of the itemtag. After the RFID device reads the RFID tag,
the device transmts the itemidentification information to a conputer

havi ng software provided by a library autonmation vendor or LAV. Anong
approxi mately 50 current LAV software sy‘st’ems are Dyn|x " which is

avai |l abl e from Areritech Library Services of Provo, Utah, "Carl ILS" which
is avail able fhbememw!e@VWPede seffwarpnvhere mots e5tensien) MEAEAODRECU whi ch i s
available fro : i i f ys to
transmt the |rnn or ﬁ%?%ng%cgg%reh?igg} ¢ 'rgﬁﬁ%kﬂg{%{fﬁ% ! emlg'A és?yag“iwgm One
woul d i nvol ve waskswgnt el ic cvameapgthcations] iemenbayd !\mdi’sztdeaIBMBSt Bratiar d | nt er change
Pr otocol (Sl P)comﬁ%pt otnhﬁ hevéﬂwlgron%mlga\ﬁe must ng t%rl‘lsh%h ?&36{69% UCI%}H‘M%% known as a
"wedge" to transm 14 om & convent i onal
bar codescannerThzs‘Iﬁnmsdleandlabxhdyexfﬂteem"dnmaqmewharae uwohd atlarhmmﬂort embledes ski | | ed
inthe art. In this dev perforns

th
the functions PEFRLR “Be‘ia?"(? eéecﬁﬁ)g)éﬁe rg&egzig in gpatboﬁfeonygﬁﬁ'ﬁ%’a'o'\’/\hl ch may
or may not COI‘dalaBdJéczthobetlrﬂésed]uvm hrhurtatkﬁpdelylld)@ timENpasticul arlp daringseriodsyof

continue to use their_existing.LAV. stemlnt ace termnal s
Wi | o oyi naebHas, FHROTE SEENEACR ARk TR GH B8 YR IOP 16k 8) ORI D

t echnol ogy. ThResElhildtidgvdas 6e baechmaot i nclude 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 nechani sms nay be
included in the RFpR: gﬁiﬁ'pfé%fﬁiﬁ)rﬁa@tldnmiﬁﬂrtﬁbﬁ%ﬂ@%ﬁg?erfdrﬂxa&%\brQﬁﬁal@av' ng
both RF and optical bar code readin dBabl lities devi ce _shoul d be
able to handl ddenfifigaten system dfresery owgd*é: malrﬁellﬁwovld@sahbery ideécatighel s, or
bot h. |nﬂm9é?e"rﬁéd Ofthouk Q@cegﬁ\ aQi?taHR aq ltgﬁlc%c‘ﬁ&ﬁe’qmrd& Q{]GIJ &rquﬁ:il@(:k in by
scanni ng for an RFID tag, a barcode) h, retrieving t

i dentificati orﬁ“é@m’éﬂmﬂdy d?iﬂefﬁ'@ﬂéblﬂmpl)'tsmﬂmdiemrb@elf rﬁgmhsnecample@ﬁt h of

t hese tags, system
When t he devi ggoﬁﬁgﬁdu@gfe;aggﬁ&m‘%é{ﬁ%ksys g?nglfg"oé%gonelﬂdgb\étd ?géﬁ&g& code

scanni ng syst evhetherthe MWeeabm}( avide thre, arsediottapeca €8, er RFiedtheagemf or nmedi a
that is only I anand then the
identifier (o?ﬁ%ﬁgﬁ%%g%’d@g%s 8ci g&ép%thgﬁ'qgﬁwgcgde ﬁcﬁt?egpm e3]|o'gnd| ng on
syst em desi gn)Standart dntérehapgé Rrotmgolt whigh E@wld@dfromnlu)assimeIaFthE)pttag\taI ong with

ot her data, s t urned from
t he LAV softmg@ém@s r%'?‘ee i W%ﬁ H: d'f?réj&f @ﬂaw E&?Bg?‘ "llaq’g el;ﬂ%{‘f t hen be
applied to t heysttmmpmhowsﬂléltl[at ellewmwasm‘emtghpprpprm@mpromv@nmﬂmnt ipeugrfirgr abl y

al so perforns n ghetic
security el errlet?]etsdsmg%nd nﬁﬁo%%}?é& |5:ggsru ngra? o':fe 'TCUfa gl‘mf e gﬂ \}}'lgge reads the
RFID tag and texammasiof mfdrtnet:qndelrﬁbieff‘moa;tqrmauqnfxmo mtliﬁm label Mlié)elaﬁpiresoftware,

t he LAV softwgr b ogramed to respond with an indication of the
type of I|br\:!\1"(30ﬁmg&tasgé’"e(?\“m;e which the RFID tag is associated. If the LAV
sof tware responds with an indication that the tagged material is something

for' which a speci ed magnet i ion o ationis re r ed

(magnetical | y-r ecogﬁ(’éé‘z RER Wﬁ % AP HS oé‘ei‘ié?\a VRSN &%arﬁoéiﬁ'bﬁsggi vate only
the systemt haystmﬁs‘xoltifmdetnhﬁctauoqoeﬁrmlmmuerﬁoIBy&vsnagpd;ﬁ;snca‘teddoewlanev sof t war e

i ndi cat es t hat thﬁ@RF@@) CI ated with an ordh nary. et and t hat
the book may BS°BHEE Eiers gnd Rarkers ERnpemaig M B pl {ESIn fgcide

magnet i zat i on ifyrFdgRiibnRYe e steédsMmy i@chtified GRS inverbctibgy hBEP@AtbC Talsenent

associ ated wit R’%hat b ok However, if the LAV software |ndicates that an

RFID tag is as3 ‘Qteéﬁ’ aitherflexelonmaaofmymerous yefubappligations inkbeareasaf £ f er ent
magnet i zat i on isxmbsELRFY, lteeh t%kllng%@strﬁ.sgrtﬂa%lmto@mah@ommk% security
el enent associated with that vidéo tape This different maghetization system
m ght invol ve lmplwenéwahbar@de@awéadsémﬁcmwﬁtrrasf| eld or a field confined to
the region in the immediate vicinity of the security elenent, so as to
prevent damage to the nmagnetic nedia itself) dependi ng on the detail ed
characteristics of the security tags in use. Depending on the detailed
design of the device, the procedure mght include inhibiting automatic
activation so as not to danage magnetic nedi a. -19 Preferably) sufficient
information may be stored in the nmenory of the RFID tag itself that the
interrogation source need not transmt that information to the LAV
software, and can instead invoke the appropriate nmagnetization system
directly. This enbodi nent would |ikely inprove system performance, because
fewer steps are required to reach the sanme result. As a mninmum the RFID
tag should store a nedia type in the nenory of the RFID el enent, but could
as noted above |nclude addltlonal |nfornat|on ThIS ‘type of proce55|ng,

" o e v o T o o o, o [ —— -



-20 bar-code scanners These and other benefits and advantages wi |l be
apparent to one of skill in the art. B Use of RFID Device with Miltiple
Items. Another benefit of an RFID device is the ability to process nmultiple
itens at one time, as shown in Figure 10. \Wereas conventional devices
having only optical bar code scanners cal¥-process only a single item
presented to the bar code scanner at one tinme, a group of itenms having RFID
el ements may be pr@cdheCembirationfleg| | y si nul t aneously. This nmay be achi eved
by having multiple | D i. nt.er 1 On_ Sou S ea 3 in or on

t he device, or by ﬁ‘gghlohva 112?12?%8?%%5?18{10_@%%%% pRn(ﬁ{h ar"g'g%érzér?%gbﬁﬁ%g%ssesses t he
mul tiitem i demagdeticallyiresporisivg@tenmiehtnmgith ahiRFsreg@psingi diéntent wrpeatideythe educes t he
time required for librar aff process nultiple tens. Ta.avojd, having the
devi ce perfor V&"%’er?ég?‘g'aﬂ“bsnm(%‘é? SEMENS SR ?Equezi tr‘?af’ﬂé‘reﬁ’r?? I"éefeé{ 86 € one or
nor e gf a gr omafntaermte, tﬁdb'yaddsabgai:dag ngegamsitsﬁd? tdg?ihydﬁ\phﬁ@eltm.'ﬁh ?@re@sﬁi&p: ed to
provi de a nmessage to, the user, requesting that all materials of a certain
kind (books affd ‘Hﬁ“g%fg‘F%\é”sC,"_V?rﬁqbyeﬁ}('éf?ﬁl’aé?;]eqﬁ%‘- wke@%‘&&%a&@rww 843 Poned by
al | material sadercanohh@tackbtle trvicld @Meihe liddd His®ebipRRBBved Tk adMRAPI €) . The

RFI D reader can determne fromthe information obtained from i ndivi dual

RFI D el ement s SPRATARY. thei88 yaes thermpgnatisliiogpoatverharepeasap patpya s heopr i at el vy,
and can pr onptadidRequeRy-réshofifre @lemefe ThamagiRticall R fesSHNE eleMent; vilidh Bsed 2, | N
anot her enbodi nent, the device includes one area for processing nedia of
one type (booRSanAMENFRdfLlcHisally qogplediedhpladiy frequencyaresrapaiveatiancat aad My
processing ey fahor a6 bOR N okpit A8 Mmetaflo Bty @R Ryveledinefxanpl ©) . The
proper nagnetization operation nmay then be rellabl’'y performed as to each
_rrflt eri gl . The (Ilee:Y::);ﬁe rraymal SOQI nclude a di api ay for indi cat&%ngt Eowdrra_ny

| tems bearing sblAgic BERRY 0§ Rilnd GHeseRt oS g, gy the devi ce.
That is, the RFID reader \/\oull_cigobtegl{cﬁa.l&nég)r n}aé}igsgn x?roméﬁea%'h.i tem presented
to thle de}/i celntexragatep tien wghgai @g}lﬁqgj mtrrﬂogzdi;:awcw?;d mé;ﬁ 3@;&@f8r .
exanpl e, fivegil® = - Of e : SQ be use
to verify thaf'h’%ahsreri%srgtc[lT]g&nur‘r{:()eccerW:g(%es llast_enn%ﬁ)‘\%\énr% ?{?d'g‘g%‘?pr}ggsg%t, tls'rcl) as to alert
the patron or indichteafoy expmalef the fdeatificaticarnf WictahislstwithrwiigH e tagds dswdiatsden

Opt i oal - dot ot ay uhIbe e AR ol oL iRy ploBes s SEIRE & e Bl MR TBSH L2, S
Appl i cati on Séeld aouliintbeega@ahOBE |G éScr(nide Mbathertthe magnttiapardion dfithegehrigeri | 10,
1998 and enti ) : f t t.] L f

L0, and ent | gty AAPRAL U8 A VAAELIOR] O LG UL EReR B0 0T |
present i nvenprodnge & fespopssnsuehesa nxftifipdtion thai the matked pusiclathedindy peengfapedyice
herein. O her [ ; e ioldln? Whiyeh the RFID
reader can def %r%%%gﬁfa%er%%%?t“ﬁgﬂ g&%@?\ é%@?“?ﬁi%&%é%ﬂ g)/;}trmeemtngé wel ght of the
i tens det ect ethdicafehuensypgreogation; themfagnesic porzibn efghgénmbisfatiohtag watlédr i al s

presented), o Ny r . i I t ribed in
0 & Paent NgvE sETRE e e e b BB ABRER Y RFTRERE

i ncor por at ed bymbinddsntencmgleepmwbinjtion@grpari son of the nunber of itens
detected by the RFID reader and the nunber detected by an optical or other
detector insures that the magnetic security el enents associated with
non-1tFlI D tagged i nermefanre embodidealc the warnizohtion talgdndudehemagnetinaif-so bei ng
charged out t i 1] T vice A jtenms after a
ot edet er m ned SSEBE Spb BTN Bne S R Gu R G REGE bRl £

exanpl e), or &tquencyarsmpsveationeni. MBd senetbsthtftveticiayihe entexmamacoegsust he it ens,

or automatical L.y W thout any operator intervention A.suitable display nmy
advi se the op8 lf't\(l)\‘lf"w%ag{‘%‘ctcﬁ%rc'gﬁé?'\gsvcrgfh'éﬁ‘ﬁ‘éag?)ebléPg'{”?egl?iﬁtl\rqgtsﬁré? asg‘mnbodi ment of
t he i nventi veeffierentosecurity didneengpandiniodeta@ 1w @igh tlgcttidud camoéteiny (tofunatigpaskage or
case having rrul% | e iteni 'gai.de as shown .in Figure 1[1) For arTFI e, a set
of audio taped" 5’3'83“‘5&*1? a{j‘ difigy, therpepmetyqf the antedna st be. campatibeWith, o, -
that only thosghi@aiRBsns. dishbodinehtNAs Autémp 6suld, Forexhifiple) Be BbAcAHTRIh
together, the RFID reader can identify the case, and identify each of the

tapes inside PHEaloysan alloyaf pekelppdifd | dentities 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 fromthe RFID tag Devices having the ability to
process nmultiple materials further increases the speed with which materials
may be checked into and out of a library. The device nmay be adapted to
transmt only a single signal to the LAV software systemto process
multiple itenms, and to receive only a single signal back fromthat software
i n response. -22 C. Portable RFID Devices




For a nunmber of applications, it is desirable to provide a portable)
preferably hand-hel d, RFID device The hand-held RFID device is capabl e of
searchi ng anong shelves, bins, piles and library carts. It can essentially
search wherever it can be positioned close enough to the itens. It is
capabl e of identifying nultiple itens that are within the range of the
devi ce These and other features nake the inventive portable RFID device a
valuable library tool. For sinplicity, portable RFID devices will be
described first in ternms of their conponents and operation, and second in
terms of various udeénsglembadimeitonIMf Gattiel apeBt Hversd ssturigsitig os atkr devi ces. |t
is inportant tgQ . e fu ion net e crlb d..her are
equal l'y appllcgﬂgggggﬁgﬁﬁggﬁm‘“ @*ﬁﬁﬁﬁ é&W%ég %aﬁ “PRAT ORFEe ﬁﬁ%flons or
net hods descr idiedoradximitar high frecitencfynddae te@gtmomptd)rahabixcd;n@b:bﬂhdempcaes are
simlarly applrc bl e t functions and
rethods have nEFary BtSft bl FarR it At Ypetir e M ov co mor e
of ten used t o RFDfchipnmsddh qtypikcaliycthe arip omrmse madk frdmﬁeﬁipme(maﬂalﬂmﬂorﬁ]serati on.

The hand-held RF]|D device.of ,th pres | nv n referably. .includes an
RFI D reader afMi™Afi%'é& “’Cﬁtﬂt‘%@’r’vg%a e FC' ’gségt \’Itiﬁif’y hf’H"“Lenabl e
various funct neme “HiMmttE) brydhaﬁtoﬁith@sj’dllb)edxciﬂ@srtﬁhtrhval-ﬁblefraﬁhﬂ ABiadBignanr i t er

coul d consi st of nder 1 RFI D reade ufa red by
Texas lnstru a@f° W&gwnﬁ‘ze&@gﬂr}&%@mm %?Oét\’ab'i“{fiﬁlﬂ‘gtqh %F?n of a
conmput er, nay be&vepk 695 a1 em tzo:r a6 TREHRs). The Rt Sfthe Mieghadiciadid
conputer available from 3Com Conpany of Santa Cl ara, California under the

desi gnati on PaYawdhe msrcath@onpefmdaar*e e&?fr?ﬁdt"é?"”r’f’é)ysmﬂt(ﬁl%@aaﬁeﬁp@?’&t‘f ng
system a toUGRSeHHRE akl FRleAYam ﬁav@sta%hshewtrtappu%htera Gy GHP BIVlieVBET
interfaces, a recharge station, a docking station to transter data between
the device andampbnfzmentabelensnical chagaerisses asheccopprios Alymingm dnela anisaraspher al s
to the hand- hehndlg UbaviltSan &%, 3l rRmFuﬁ@E'@é ea0d PerBiHl SO RRORRS
supply. Sone units may also include a built-in errpﬁ such as a

bar - code scanmatisfaciarilyray al so contai n various feedback systens, including
lights) audio and a display. As described above, there are a nunber of
options for transferring data between the hand-held device and anot her
processi ng st at i onWhan thechagngyicalysiesponsiva slsmeridhused ps 4 easi perd of heapermad or
downl 0ad dat ayoafe AIRMabdot S yd emehfl e (WBAOHeckifR Lo et REHeh I OF
exanple, to up oad Item’ de ca ron i'ntormation priror to per ormng a
search to - 28hef, Ewcmmbselpbrpgemcheurrbte@m of Apbysinal comneatiqn etwieen|miltiple t o
downl oad dat a f Cdy | Vi 1 wWithin
the | iorary TReHer@fldfo SRty dh e shior sy BTk RatED sRHE

il lustrated); castagt eimnr@hmgic@r)urdiab[zedhmmmﬁgads én't;l/amirB)uplopa;dmaas a wirel ess
or cabl ed, N e hand- hel d deV|c

o ocessor) or PPl Sanpds-Talsietubie QBRI Sp SRR AL PR ORI 0. cne
such exanpl e iuse axch?praermwmﬂpbmtseﬂm&sxtrtﬂh\bmyst@mmts fmffba:mﬁgmbmtectmechnol 0gi es
of Holtsviile) NGWY¥0 &iem; |I‘F }5’15 gectru 4a| ow nobile users to
wirelessly coffiiiadaY 18 Haf fRemas 8o e syjiable altenna tanieyrlPns, - oa net wor ks. For

this operation, the nobile unit will typically include a conmmrunication
conponent to support w reless comrunicatiogn, such ,as S 's LA 2400

Wrel ess LAN PC Cafrhe COpIPIatL P8 Fhopva R élgegarf‘%ﬁ%wdéwvérqo?%g’rtjﬁ% both to
comuni cat e t eudiaRt The 14f cotRlae obi &@mpiBth BE6ANHE gthendeintenfla gfttRire dat a.
Entering data e, SW tc t he d vi ce anong various, search nodes

inclu

and entering dmsépfet?r"f ich fuy cgf eftﬁglé‘“’(ﬁri?ﬁ‘ cdyah Hig1camerd ¢ BIREE thPagartiG t em  or
to hut an ltemnom@rmtage@q@a@restomrranmar mh bOfligézabl y provided thr ough
a conbi nati on of sound i ghts and a displ ay di splay may either be
integrated into the unit or separated. \Wen separate) ii can be designed in
vari ous ways) i ncl & asily viewed
by the user. A par ??écﬂ%a)?‘lﬁi}&utsage\?ﬂg}ﬁgh%o ghéﬁt&pﬁdg%y h%ﬁ&&ﬁgﬁ‘gﬁl?ﬂ D devi ce
i 5 as fol | ows beavenmthd antennd 2RFVIAchde mrdecof magnsticallydresgorisive wiatesil, anddhrF| D
reader, user , tware are
i1 pr ovi ded (HPEHER B R8Tk SHEE el iR of Bl e RBRhe IR T g 5
hand- hel d conput er such as the Pal m Pi | ot descri bed above) a nunber of

real -time functions of the type described bel ow can be achieved, in
contrast to systens in which the RFID device nust interact wwth a separate
conput er, database, software system and the |ike The software can al so
provide either limted or full-range capabilities for supporting functions
of the type described herein, as desired. The hand-held RFID device al so
preferably includes an integral power source, although it can be tet hered
to a Iarger power source of the type that mght be worn around a user s

...... o o o "




-25 The inventive handheld RFID device has particul ar useful ness i nitem

| ocati on. For exanple, the device could be programed with specific
information identifying certain itens that an operator w shes to |ocate.
The unique identifier for each desired itemwould be stored in a reserved
menory | ocation in the handhel d conputerl4-As the identifiers of, for
exanple, itens on a shelve were read by the RF reader) each woul d be
conpar ed, usi mgy st applied td tb@mgnarcellwmmomwnkﬂMOtlmﬁmwe shectivelsd i n t he
art, with the,| ' n a. mat ccu t he
devi ce woul d ?%‘gﬁa%géia eé&g?\tggé)rpr?r‘g? Ch Q/uln'gggg g/[a%tu he ametn %:{a'lsgown r Pg%uft

si gnal s indi catmwgvdrhenarmmdpcdnﬁectddeo ntteembgrﬁhﬂaclaqnilllamathedtpofe(amemhm S
function incl sloca itens, that are believed to be m5|n A library
typical ly mai #{j gt“n@"%“e l]e c”ﬁ‘iﬂg’s"ﬁoH@eqatt"éPr"s‘?POl? ﬂlﬁ?‘é‘agt’ e re expect ed
to be in the tdubkirgr iy prévide aC@ﬂiBmButhag‘manhe Byold eienra 2d intg cbhifse eiffies Si NQ
itemidentifiers to the hand- hel d device, the operator can pass the device
by itens and BBSIGIY-EESANEIE MRIFEH CRNPR- %‘%'ﬁbcal”t' é“r’rP‘?'@‘Véﬁ’éti‘ﬂHtered Anot her
exanple is to locate items that have not circul ated or been used within a
gi ven nunber of months. Again, the identifiers of those itens could be
downl oaded to t he FigHies ha d*'ttévweémbeﬁlm@réhmc\rmhgwrmhplepwteo@q%;ZISt he
circul ati on cQURl& ek Bh1e4WAE Shillink ££80! Hid 9%t Py upf the rFID
tag. In this @gse thecE‘fnc t?e‘sd ge?/? cen dojtebsaxno% négg%f 0\}\}/% oad any data
f rom anot her mbputlem tag\?8b elpwnThEigiraddinteglatbd gigquilcle nthcs dipetp antermaRF| D
menory data teye i he oper at or
based on the 5S)Jebf g@?g% %gh?‘grcrg? er@qégﬁ%?’ﬂg}n%e%\g %%?Jf&%ﬁ%&‘&m g Ia can be

ei t her downl ometmdtlcfaﬂly)msaortSivbmateyald@dantbwéﬁ)tZBJb inieberaanid-ofi mhgheucallpbt ai ned
directly fro : g have not
been checkedn}le%#mﬂ@:}nge%g Ir} @g#ﬁnt}ﬁn% ﬁg?é@%ﬁ%wh g‘? lgbgérrag" térﬁ%&r:eg "and t hen
downl oaded t orespoasihaeiemént ofithel epe sewonin Fipe e R ﬁhrztsaxgaltycrdrlcdncaityncntuaemtoa menory
| ocation to i t G FID tag
menory i ndi ca%méng?she “che %pﬁ%ngcs%ra Eée b "haénﬁ'cqp ’ﬁ%‘t°8“¥f r{‘/ﬂ%réahgo‘gs not need
any data fromrﬁmnz(xlk?mnudy bel atadbemghoicpyrepomiteheataahr Qther VAristane pal
application o{ obtn§| n;'m@ﬁ'ns”%tech P d]a(ia directly fromthe RFIDtag is to

| ocate itens e? it er*é l'ibrary buildings or to different

i brary systens. For th| S appI ication, the owning |i brary is preferably
encoded onto the | D tag..and the hand-hel d devi al er t he rator when
o REID tag i th Aoyl ekl hg biGeg g Sttt S S TaeaiulE Frine

hand- hel d RFI Ehableﬂ%&agi&)\/beomocmlthoilsalp&xaed)m ardgean iroclele’f@rmmme tizestagvi t h t he
IR,I[:LEBd:;“eCSr grggct%’ Ia??ﬁed@?ﬂt ad’heswe%gtw% gen i ﬂe p%%s ot aego%koangat S&S"ﬂ’i%@%%?g;g;e%e
RFI D devi ce oﬁuetdgehxpree@@hnc’) pnewentalspdntmurh Uyeﬂsemmgdnetmédfme)bml fy the order
of materials th i S._no nned across one or
nore rows of ?"Vﬁ%t'omeflhlg H]&} T @PFELY: e?%%é &) ‘B'C?r?&ﬁ@‘ét"é%f lijlto t he
oper at or, whi thitkndseoftharag inwtieableleyertlar méitshem(wozsem). order. As input, the
devi ce has access to the shelving algorithmused by the library for the
section being scanned. Possible algorithnms include: Dewey Deci mal order,

Li brary of Congr eSBleQbﬁiBiIh)tioal’ﬂQsAﬂﬂ\hﬁ)ﬁveht&ﬁttmdyébﬂ'@foﬂdbﬂBtrﬁn e, mQ‘nkteer met hods
of sorting, aél det erm, ned b%/ eals:h.l i t}rgg\y gre goss _g Anot net hod of
est abl i shi ng CRAYFPMAEE ssEtiekaRphcatiqneot individualtpes tg agles }Pﬁ%ﬁ"?rﬁ set's‘leﬂdsati on.
Shel f | ocati ommbamnb&arasmm@etfrimpt&m&m«gmsa%m (Dla'ealb edulyry desires.

For exarrpl e, shelf location m |t Fiction

11 o A olAVGRRE PhES R T ek TP he WA RO R A PR, aut hors A
- AB." In theadnémfeqwoﬁds e oo remitive bdiRsiS¢)Shiy HeGembve@Tromahe @l ahd €M i S
encoded di rectlﬁel n the RFID tag menpory for that item An indexing system

may al so be udPRHedhsvecH AvpRasH @ek,mqatnsa"@wsma?sa@radw Bes used to

i ndicate a shﬁbt,déd%éfsd.mme ,faﬁommoﬁmtm tygut?@tszhérdbaamua%rsafsmt Adul t
Fiction, the nunber could represent Juvenile Fiction, and so on. The
amount  of rrenﬁgrdyteﬁetédw"t% of vasions egintporgnés! in thespsiern Ay algebeemieridedn t he nunmber
of locations within a library. Another enbodinent is to obtain the desired
shelf location froma |ibrary database and then downl oad those | ocations as
part of the transfer of data to the hand-held device. Wien itens are
associated with a shelf location, by either method above, the operator can
use the hand-held device to locate itens that are in the wong | ocati on.
Two processi ng net hods can be used to determ ne which shelf location is
currently being processed in order to search for items with non-natching

| ocations. In one enbodinent) the correct shelf |ocation is obtained by
read| ng sever aI RFI D tags and heur i stl caI I y pr oce55| ng the data to infer a

o, . - ~Ee- o~ ) o o . - Y e



-27 anot her enbodinment, the library places "location tags" on the shel ves
or other locations to be searched. These |ocation tags are first read by
t he hand-hel d device to indicate that subsequent itens read shoul d bel ong
to that |ocation and an alert is provided when a m smatch occurs. In

anot her enbodi nent, the hand-held RFID dé¥%ice may be used to enter data
into the device as to a specific item That information may be either
transmtted i mediately and directly to the LAV software, or may be

transmtted subsequently.when th and- S rec cted to a
docki ng station anzpf’ ?/{%l? '&?éa'émﬁhsgberﬁvfg (Igﬁt"? B‘H“?“(Sar i}lltgo‘f_%&\?og HREP'SC Bor
exanpl e, when the pr®Cdssih@fibrany mhianAg YLibradyeratcdialsthaang arnsFerSgabfmia he user
may i nput the new St?tUS of the article into the hand-held RFILD devi ce
Because this i5pibaeheeked inaRd oy @asssasiyeberhans B ithert buman asgitangsr dhalvetheual |y,

it saves the QqpfémlOlould MFordicB bRRhRkddDut K FerticRiak PAtfon b %a?hér@&ﬁ'y and

i mredi ately as opposed to waiting until he or she can access an LAV

sof tware syst di¥¥g & REIRLApS assoriaped w'étwaff hlarflrymswh%the patiopPapenidiweh 8 devi ce
coul d be used {,RatR QYdcfsh AFEiahi ORNRked HAEKH WREA OB pﬁpﬁ%-eﬁteﬁsﬁﬁ&hﬁrh& withem once
the item has been obtained and its RFID tag scanned by the RFI D device For
exanmpl e, | i br dhgymateagls. Mya&ﬁﬂth@evenhmléwéﬁogswatmmm maragemesdnd n t he

i brary, and g i about
that materi al Sa?wfqm lagst c ilr}aé&uﬁ%)%lt‘m i ?%%norp as F‘?ts | %gtﬁmt}ggg?‘d

provi de i nf or rrebtinneusly H\emnéloasefeathm ogténmwattea ca, af ¢oytseclzel broyedbf 1ol es of
library materi S h D tags of
the itens as tlﬁ!’efy&h}?gegg%ﬁfa&? gu?hragﬁu]a ﬂﬁg R&n?{'%hq‘}aoe\éaﬁ?%%gseltshﬁlg ﬁg library
at which they likere used. As itens are collected) the operator can al so
indicate fromwhere the itens was coll ected by selecting froma |ist of

| ocations, entering a |location code or reading a "location RFID Tag" that
is associated withls {!m:ther emlatdimmt a}mtombinhtibnpageéoatdabbyddn@aaftﬁmxmdrketo or near
;[ E?Er Lgf?;hogﬁgﬂaﬁn%}\ﬁg?%wmg%)me ag I f?&:ﬁg%gnse ﬁmdlcz%tm{; Wl?) t%er IRB %Q%n%llc feglgxp' tional
Al ternatively, ofltPie tiag badtbeersazdvated dsrmeaduvincdalayd mrcmqﬁamiﬁo ﬂnéqam&:gl resporde book

cart, for exa th hel d. devi ¢ u ss by the
items on the ca 't’"& ﬁ‘é Fﬁ' tuﬁee?ﬁa";ﬂré’prl’ﬁ%?f’?ﬁw(%es‘%ﬁg‘gge}"eb%aéa% "??\hs par agr aph
are referred tmeriirrry en the RFID ship @pdlfisowed that 2 itEhchab @eenfappropaidteln proaesdedpel d
RFI D device are nunerous) and include the ability to |locate itens nore

qui ckly and accurately conpared to reading each call nunber or title from
items, the ability ThefollgRing Exaissies ;ircwldtesﬁil ﬁﬁﬂleﬂ' lmmﬂwhak{omham@s tdeeim exam ne
itenms nore cIoE?e;Ig%/ to | oc te i tem of Q 5 e ability to quickly

i dentify itens nEPRAIIMEGSS &e\}'é"ﬁ"‘éOé‘tdef?f' r‘i’ 'é‘?‘P& ¥ PEXY. not checked out,

mat chi ng specific circulation values, etc.)) and the ability to identify
itens that arqj m s-‘ zgel ved and indicate, to the operator, the correct

| ocation for t This would include itens that don't belong in the

col ' ection being soodnphaiddBeivadflyRi 296FarcB&iaiR frieniaiiehiidy A0 enter
transactions directly into the hand-held unit when itens_are | ocated, the

ability to i dSEmM&YY #AP produsedifionvanalipypdvaiagledtons e Gapepar Techerlossr any ot her
mar ki ngs on t R&rhdretiBn of R@XHH%S PétikMAhia ubhder IR d@AghaBan *H}Wﬁf@@e%s abenddhs

ability to determnne if given itemis sonmewhere on shelf, on a library
cart, in a bi ﬁte%ﬁxquraw@cwredévémsierﬂ@ %isleéis (S@@s?ésa'h’alem Kéﬂlf%‘va?heages

wi Il be appar &gy ﬂ]&s&r@@ﬁr&imaﬁ&y hl nhrﬁ iR Wide by0.62%9 n‘?rhi’d&ﬁ iRPRR

hereto, persons of ord rec gni ze that the itens reC|ted
could be Ii braltoymrﬁmféﬂfi)ém (b tdsUidntyrg cansistied of papridendi XA 45 GHgnratenng or
optical media,cqaRdieh lffarl LESY ’onr THOUEiLe Q@s &8s ﬁ§d SR ?(T)rﬁgc Y&t £85

mat eri al s such as packages, et ers, paintings) elect on| evli ces)
ani mal s, aut orfith ﬁ@@trd@gcw@bm pco’verawm@ltﬂférRﬂDetnstmmEMméd glow; 29 e

claim providing an immediate visible confirmation of the proper operation of the power-

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



1. An RFID device for processing itens having an RFID el ement and a
magnetic security elenent associated therewith, conprising: (a) an RFID

i nterrogation source for interrogating and obtaining information fromthe
RFID el ement that identifies an item and (b) a nagnetization systemfor
perform ng an appropriate magneti zati on-@peration on the magnetic security
el enment in response to the identification information obtained fromthe
RFI D el enent . prtotypiegeimpllpy atesnng shedlf ER iliminated anbppraximateinthedamé Gad det er mi nes
t he appropria netization o tion directly in response to information
obt ai P\gd Pron%tgcﬁgzﬁg%’n '%?l'%%’gwcfﬁs?éﬁ?ﬂ%@"&ﬂ’g%%Pré’}rfPéWte‘ itsgl f. 3. The RFID
device of claim1l, wherein the device determ nes the appropriate

magneti zati on_ope ion after the information obtained fromthe RFID

el enent has b@%&gﬁtﬁ%%red to information in a database separate fromthe

RFID el enent. 4. Figige RilLErat@\dh&Ber@mbEdiderd of an ¥Mi@h£ihat it belictaiMiseel with aadapt ed
to provide an_indication that an .itemis a specific type of item 5. The

RFI D devi ce of3-3q MHaRFIDdasians; M thip Bequeqsye & colktypeppnaseosiels e slo

magnet i zat i onTIRNGAthAL cdibrsRE RRNSE afeFoinltd Flohf OhiftdMopRicRhdpdmillopm t he
RFID el ement. 6. The RFID device of claiml, wherein the device further
conpri ses an &ther Byagtching (Physigal os chamend), dig cuttipg oRdgppsitien thrasiglot meskaiThe 6, i n
whi ch i nf or magj aj ; ' vd Bl v i tten
to an RFID tagtfaggt_ﬁﬁﬁagggg?%é%lg ﬁ%‘% ﬂgd ?S? 'Z‘rrr’\“ %Qﬁ%ﬁgﬂ%@ﬁ% dewegg of claim
1, wherein t heisdissign eHéwevieh dre redneprt lengs obthese otaigtelsments in thisgeorgetryThe RFI D

device of cl aj;ff}&pe g\ﬁ%{l%ngsstopﬁ]emgpewé%cuha p%qi%ﬂto?gle‘tdgvice. In the

embodiment shown in Figure 3, flux collection elements provided at the corners have
been added to the antenna coil to overcome this limitation. The construction shown in
Figure 3 would, preferably, include a capacitor as previously described to tune the

operating frequency of the antenna to the prescribed interrogation frequency.

The characteristics of the antenna described in this example were compared with
the characteristics of known antennas for radio frequency integrated circuits, and
because those characteristics were similar, 1t 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 described above

1. Embodiments of the Present Invention

A RFID Device with Magnetic Capabilities.

Because RFID tags may be shielded either intentionally or unintentionally by a
library patron, it is often important to provide both RFID and magnetic security
elements in the tagged library material, preferably on the same tag. When the magnetic
security 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 materials such



operate |ibrary automation vendor software for managing the flow of
materials into and out of a library. 10. The RPID device of claiml,
wherein the RFID interrogation source interrogates and obtains infornmation
about the RFID el enment regardless of the orientation of the RFID el enent
relative to the interrogation source. 11-)& net hod of performng a

magneti zati on operation on a magnetic security el ement associated with an
item conpri si3sdopkseand magazinss, bpbganihavecharrolybafieeis ommameticallirecardsd madiaoci at ed
with that ite -2 e i on: ' i, ;f i

et ermine t he Tean B EDTERLRA MlpelpLrihBY S b PR BREEDY,  ang
(c) perform ngwithouapprioyniveses byribmast stafbmendersoper at i on on t he nagnetic
security el enent based on the type of material with which it is associated
12. The method of claim 11, wherein the item conprises nagnetically
recorded nedi a, amd shéven imdiguet 9, 26 REFUN dojreriadquipped 1o réddenfaptipe fdmam of a

ROnet ¢ 111yt e AR S DS R ohdy HLASHE ©°

magnet i cal | y- rigfoamstia reaidiom thd RFIIT g invkidBogddesignation bfinddia typb@nagnstict he

appropriate rm;g'lr}l(ta,tc;rzo%{iéaﬂ r}or example), which can be used to insure the proper subsequent
processing of the item. The RFID device is also equipped with a device, such as the
coil, designed to enable the activation and deactivation of the security element portion of
the item tag. Afier the RFID device reads the RFID tag, the device transmits the item
identification information to a computer having software provided by a library
automation vendor, or LAV. Among approximately 50 current LAV software systems
are “Dynix,” which is available from Ameritech Library Services of Provo, Utah, “Carl
ILS” which is available from CARL Corporation of Denver, Colorado, and “DRA,”

which is available from DRA, of St. Louis, Missouri

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 skilled 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 sofiware 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.
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selected information returned from the LAV sofiware system relative to that media The

RFID tag could then be applied to the item

The RFID device of the present invention preferably also performs “smart”
resensitizing and desensitizing of the magnetic security elements attached to library
materials. When the device reads the RFID tag and transmits the identification
information to the LAV software, the LAV software can be programmed to respond
with an indication of the type of library material with which the RFID tag is associated.
If the LAV software responds with an indication that the tagged material is something
for which a specialized magnetization operation is required (magnetically-recorded
media, typically), then the device can activate only the system that performs that
operation. For example, if the LAV sofiware 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 software 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 magnetization 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 charactenstics
of the security tags in use. Depending on the detailed design of the device, the
procedure might include inhibiting automatic activation so as not to damage magnetic

media.
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itself that the interrogation source need not transmit that information to the LAV
software, and can instead invoke the appropriate magnetization system directly. This
embodiment would likely improve system performance, because fewer steps are required
to reach the same result. As a minimum, the RFID tag should store a media type in the
memory of the RFID element, but could as noted above include additional information.
This type of processing, without transmission back to a database separate from the

RFID device, is referred 1o herein as happening in “real time.”

An advantage of an RFID device such as that described is that it may accept and
process items with less dependence on their orientation relative to the device. Thus,
although a library material may be processed by an optical bar code scanner only when
the bar code label is properly positioned and readable by the scanner, a book having an
RFID tag or combination tag may be positioned with front cover either up or down, and
without the need to carefully aligning a label with a scanner. This advantage of RFID
systems over conventional optical and bar code systems results in considerable time
savings for patrons and library staff. The “read range” may be different with different
scanners, tags, and other components, but 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 various 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 RFID 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
magnetization operations, increased processing speed due to the reduction of orientation
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
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bar-code scanners These and other benefits and advantages will be apparent to one of

skill in the art.

B Use of RFID Device with Multiple Items.

Another benefit of an RFID device is the ability to process multiple items at one
time, as shown in Figure 10. Whereas conventional devices having only optical bar code
scanners can process only a single item presented to the bar code scanner at one time, a
group of items having RFID elements may be processed essentially simultaneously. This
may be achieved by having multiple RFID interrogation sources (readers) mounted in or
on the device, or by having a single high-speed RFID reader that possesses the multi-
item identification algorithms. This capability greatly reduces the time required for

library staff to process multiple items.

To avoid having the device perform a magnetization operation that is
inappropriate for one or more of a group of materials being processed, the device may
be adapted to provide a message to the user requesting that all materials of a certain
kind (books and magazines, for example) be presented together, followed by all
materials of another kind (video and audio tapes, for example). The RFID reader can
determine from the information obtained from individual RFID elements whether the
user has segregated the matenials 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 refiably performed as to each material.

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
intentionally 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



10\ 610% & ()- 310% & ()-y 310% & ()-y110% & ()-L-10% & () - &&&&E' X' ~' dEYNC,
109& ()-' 109& ()-93 109& ()-109%& ()-9 109& ()-s 109& ()-~'"'\***Q w. dEYNC,

| 4109 ()-SF"109& () - &

109& () - F1O9%& () - 109& ()- SOF109%& ()-w..!/"/# $/(/11bC, 910% & ()- 10% & () -
10% & ()- 10 10 -21-

10s7109& () - 6109& () - 1588888: [ <uS1! 9109& ()-g! 93109%& ()- 9@ 0% ()- 10::

10:: 10::!9' 1089, ffed April 1096988 @i)d-chiited EAMAAR] BFAIMERGJNEr the Optical Detection

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. Other detectors
may include ones based on weight (in which the RFID reader can determine from the
RFID tag or the LAV sofiware the weight of the items detected, and compare it to the
actual weight of the materials presented), or the number of magnetic elements detected
(as described in U.S. Patent No. 5,260,690 (Mann et al.), the contents of which is
incorporated by reference herein). Comparison of the number of items detected by the
RFID reader and the number detected by an optical or other detector insures that the
magnetic security elements associated with non-RFID tagged items are not deactivated
without the item also being charged out to a specific patron. The device may process
the items after a predetermined number of items have been presented (five items, for
example), or after an operator instructs the device to process the items, or automatically
without any operator intervention A suitable display may advise the operator as to the

status of the opcration

Another embodiment of the inventive device is the ability to verify the content of
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 iibrary. 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.
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For a number of applications, it is desirable 1o provide a portable, preferably
hand-held, RFID device The hand-held RFID device is capable of searching among

shelves, bins, piles and library carts. 1t can essentially search wherever it can be

positioned close enough to the items, It is capable of identifying multiple items that are
within the range of the device These and other features make the inventive portable
RFID device a valuable library tool. For simplicity, portable RFID devices will be
described first in terms of their components and operation, and second in terms of
various useful functions for or methods of using such devices. It is important to note
that the functions or methods described herein are equally applicable to non-portable
RFID devices, and that the functions or methods described above in reference to non-
portable RFID devices are similarly applicable to portable RFID devices. The different
functions and methods have merely been grouped together with the type of RFID device

more often used to perform that function or method.

1 Components and Operation. The hand-held RFID device of the

present invention preferably includes an RFID reader and writer, memory , a power
source, and software to enable various functions of the types described herein. The
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 Paim
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 to
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 built-in peripheral such as a bar-code scanner. It

may also contain various 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
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find those specific items. Another example would be to download data following a

collection of items that have been used within the library ~ The link could be
implemented as a docking station (as illustrated); as a wireless or cabled download
and/or upload; as a wireless or cabled, real-time link between the hand-held device and
another processor, or in any other manner suitable for transferring such data, One such
example is a Spectrum24 wireless LAN system, from Symbol Technologies of
Holtsville, New York. Systems like the Spectrum24 allow mobile users to wirelessly
communicate between mobile devices and local area networks. For this operation, the
mobile unit will typically include a communication component to support wireless

communicatian, such as Symbol's LA 2400 Wireless LAN PC Card.

The user interface for the device is designed both to communicate the status of
searching and to allow the user to enter data. Entering data may include switching the
device among various search modes and entering data specific to a task (for example, to
check out an item, or to put an item on hold) Feedback to the user is preferably
provided through a combination of sound, lights and a display. The display may either
be integrated into the umt or separated. When separate, it can be designed in various

ways, including as a “wearable” display 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 software are all provided in a single integrated unit, as
shown in Figure 13 By using a hand-held computer such as the Palm Pilot described
above, a 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 larger 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 is used, it may include its own power source, and may be recharged
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when connected to the docking station to upload and/or download information, as

shown in Figure 14,

A hand-held RFID device can interrogate and identify RFID-tagged items
whenever it 1s activated within range of the items. Intermittent activation can be
provided by, for example, a trigger associated with the device, so that the elapsed time
for which power is required for the RFID device is minimized. The reading distance is a
function of many factors, but is expected to be between 15 and 45 centimeters (6 and 18
inches) given current technology and the likely frequencies at which the system would
operate. In some applications, it may be desirable to restrict the operating range of the
device so that it only interrogates RFID tags associated with items at a closer range. In
other cases, the longest available range of operation will be desired. In other
applications, it may be preferred to restrict the output power (and thus the reading
range) to permit longer continuous operation from the battery pack. The read range will
also be influenced by the design of the antenna as well as the orientation of the RFID tag
relative to the antenna. It should be appreciated that the read range, battery weight, and
lifetime between battery recharges or replacement are often dependent on each other.

Various tradeoffs can be envisioned, based on the particular application for the device.

In operation, a particularly useful feature of a hand-held device is 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.
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The inventive handheld RFID device has particular usefulness in item location.

For example, the device could be programmed with specific information identifying
certain items that an operator wishes to locate. The unique identifier for each desired
item would be stored in a reserved memory location in the handheld computer. As the
identifiers of, for example, items on a shelve were read by the RF reader, each would be
compared, using standard software routines known to those skilled in the art, with the
list of items stored in memory When a match occurred, the device would then create
one or more visual, audio, tactile, or other signals indicating the presence of the item.
One application for this function includes locating items that are believed to be missing.
A library typically maintains a list of missing items ~ those items that are expected to be
in the library, but cannot be found. By downloading thase missing item identifiers to the
hand-held device, the operator can pass the device by items am;i obtain feedback when a

missing item is encountered

Another exampie is to locate items that have not circulated or been used within a
given number of months. Again, the identifiers of those items could be downloaded to
the hand-held device for searching. Alternatively, the circulation counts can be
maintained directly on the memory of the RFID tag. In this case, the 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 criteria 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-held 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 is encountered. The hand-held RFID
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device could also be used to determine, as with the RFID device described above,

whether all members of a set of associated items are present together, as with the tapes

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 mode, the device is scanned across one or more rows of
items. The device reads each item and indicates, to the operator, which items are not
shelved in the correct order. As input, the device has access to the shelving algorithm
used by the library for the section being scanned. Possible algorithms include: Dewey
Decimal order, Library of Congress order, and Author last name/Title order. Other

methods of sorting, as determined by each library, are possible.

Another method of establishing shelf information is to associate each item with a
location. Shelf locations can be as specific or as general as the library desires. For
example, a general shelf location might include al) "Adult Fiction titles." A more specific
shelf location might be "Adult Fiction, Authors AA - AB." In the preferred
embodiment, the shelf location for an item is encoded directly in the RFID tag memory
for that item. An indexing system may also be used to save memory, so that a short
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 library. Another embodiment is to obtain the desired shelf location
from a library database and then download those locations as part of the transfer of data

to 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
heuristically 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 programmed to alert the user when non-Adult Fiction items are encountered. In
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another embodiment, the library places "location tags" on the shelves or other locations

to be searched. These location tags are first read by the hand-held device to indicate
that subsequent items read should belong to that location and an alert is provided when

a mismatch occurs,

In another embodiment, the hand-held RFID device may be used to enter data
into the device as to a specific item. That information may be either transmitted
immediately and directly to the LAV software, or may be transmitted subsequently when
the hand-held device is reconnected to a docking station and downloads the information
to the LAV software. For example, when a user takes a library material from its
location, the user may input the new status of the article into the hand-held RFID
device Because this information must be entered into the LAV software eventually, it
saves the operator time to be able to indicate this state directly and immediately as

opposed to waiting until he or she can access an LAV software system terminal.

In yet another embodiment, the hand-held device could be used to provide
additional information about a specific item once the item has been obtained and its
RFID tag scanned by the RFID device For example, library staff may collect materials
that have been used in the library, 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 also 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 materials were used. Alternatively, 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 1o record them The functions described in this paragraph are referred

to herein as “sweeping ”
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The benefits of a hand-held RFID device are numerous, and include the ability to
locate items more quickly and accurately compared to reading each call number or title
from items, the ability to “get close” to desired item quickly and then examine items
more closely to locate item of 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 items that are mis-shelved and indicate, to the operator, the
correct location for the items  This would include items that don’t belong in the
collection being scanned. Other advantages include the ability to enter transactions
directly into the hand-held unit when items are located, the ability to identify an item
without having to scan a bar code or any other markings on the item, such as author,
title and call number, and the ability to determine if a given item is somewhere on a
shelf, on a library cart, in a bin, on a table or even in a pile. Th-esc and other advantages

will be apparent to those of skill in the art.

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, animals, automobiles, bicycles, or any other items

of value.



10 U9s' 10% U& ()-710% U& ()-! @310% # #& ()-y 010% U& () -.
(s10% U U& ()-1 OLm\ 910%4& ()-y9 10%4& () - 9f 109%4& () -
10948 () - &10%4& ()-10%4& ()- 10 U 10 UL

-29.

We claim:
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1. An RFID device for processing items having an RFID element and 2

magnetic security element associated therewith, comprising;

(a) an RFID interrogation source for interrogating and obiaining

information from the RFID element that identifies an item; and

(b) a magnetization system for performing an appropriate magnetization

operation on the magnetic security element in response to the identification

information obtained from the RFID element,

2. The RFID device of claim 1, wherein the device determines the

appropriate magnetization operation directly in response to information obtained from

and contained within the RFID element itself.

3. The RFID device of claim 1, wherein the device determines the

appropriate magnetization operation after the information obtained from the RFID

element has been compared to information in a database separate from the RFID

element.

4. The RFID device of claim 1, wherein the device is adapted to provide

an indication that an item is a specific type of item.

—

—

S. The RFID device of claim 2, wherein the device is adapted to perform

no magnetization operation in response to the information obtained from the RFID

element.

6. The RFID device of claim 1, wherein the device further compnses an

optical bar code scanner.

7. The RFID device of claim 6, in which information obtained by the

optical bar code scanner may be written to an RFID tag to be associated with the item.

8. The RFID device of claim 1, wherein the device further comprises a

computer.
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out of a library.

10. The RFID device of claim 1, wherein the RFID interrogation source
interrogates and obtains information about the RFID element regardless of the

orientation of the RFID element relative to the interrogation source.

11 A method of performing a magnetization operation on a magnetic
security element associated with an item, comprising the steps of:

(a) interrogating an RFID element associated with that item to obtain
information;

(b) using the information to determine the type of item with which the
RFID element is associated, and

(c) performing an appropriate magnetization operation on the magnetic

security element based on the type of material with which it is associated

12. The method of claim 11, wherein the item comprises magnetically-
recorded media, and the magnetization operation is the application of a magnetic field to
the magnetic security element that is sufficient to activate or deactivate the element

without damage to the magnetically-record&i media.

13. The method of claim 11, wherein the appropriate magnetization

operation is the absence of magnetization.



