-1- APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS | NCORPORATI ON
BY REFERENCE 5 This patent application clainms priority fromU. S. application
serial number 09/134,686, filed August 14, 1998 with the sane title, and

U S. application serial nunber 09/344,758, filed June 25, 1999 with the
sane title, both of which were assigned, to the assignee of the present

i nvention, and the contents of both of b\:hl ch are incorporated by reference
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of such systems in libraries. Wgﬂhﬁ(ﬁ MEENTI ON El ectroni ¢
article surveillance ("EAS") systems etec he presence of small

el ectroni c devices placed on or in an article or carried by a person of
interest, and ar % é@ﬁglﬂ]éﬁé b or library environnments to deter
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i nformation regar item for coul d be
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continuously. At nua&st09f3d&ﬁ5&;lﬁbtﬂ Iumczﬁ ﬂSﬁSewthahe EAStldy$¢thnﬁwmmede over
the years, based, %%Q%(eé :ﬁe r&E;ﬁ%@%@ aRJ‘m te%?sro%&ﬁ Rgimh gneti c,
magnet onechani cal m crowave. ese four,
magneti c systens lnmrm@mrderdmphgm% hi ghest | evel of security in nost
applicati onﬁ) Magnetic tags are easily hidden in or on an object, difficult
ec

to detect ( ause they are | ess susceptible to shielding, bending, and

gr-essure), and ea@@&@ﬂ!&ate and reactivate, thereby providing a high
egree of security ar’lﬂeﬁx@éﬁﬁoﬂ@ﬁaﬂ“&%ﬁlﬂﬂmﬁ?ﬁﬁ{aﬂh?ﬂ Jell§ iddhfddforQRFiDyEe tagged
article. 30 Many users of EAS systens desire 8 re than just whether

a tagged object mterﬂ%,é%denwwulwvéyﬂmugecﬁf\mhtsmqm%w\m ch tagged object is
present, for exanple. Detailed information regarding the characteristics of

obj ects, sugh as ﬂ&'{&kgfﬁ &]'CTHEIN_VE__N_IION

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

electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter 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 secunty in most applications. Magnetic tags are easily hidden in or on
an object, difficult to detect (because they are less susceptible to shielding, bending, and
pressure), and easy to deactivate and reactivate, thereby providing a high degree of

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

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

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



manuf acture, inventory status, and owner have generally been comunicated to
-2- automated handling and control systens through an optical bar code.
Whi | e i nexpensive and effective, the optical bar code system has certain
limtations. Bar codes nust be visible, which l[imts the |locations in which
they may be placed, and bar codes can eagily be obscured, either
accidentally or intentionally. The range at which a detector can sense the
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appropriately posi I on. ecause bar codes

exposed to pedeffectotetteogitionl bat ¢vde haremdde cirgirdinsaepsi Baecddes masnhge t hat can
result in detegtion. . f.ailures, .Lastly. ltiple.tens nust .be processed one
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above) in whigfddq.abfomlipRAink ull 8F BlcEded HaG 2 BREUThISY cllflrbifs 8PCY

associated with radio’frequency tags arises because they can be "shiel ded"

by, for exambaecodesysiemsroaleribem vngesiiablp ominpfiientder samaappligstionsishch asr even

pl aci ng the tagibii Qg Even battery-powered radio frequency tags may be
bl ocked, alt hougg 'l?rﬁlgi r Faange I s superior and bl ocki ng woul d be nore

ifficult. Thus, objects tagged with an RFID tag may escape detection,

it her inadvertentl L,pt ent.i o I . Thi reatly. reduc their
ef fectiveness as s%%rﬁ?elrcf'if@dg\‘?‘%ttoé@%eﬁl{qCB’%¢3E%ggo“é"raés"’é 1Osoequr%%fyat ed to "smart
cards." Bot h idamification anRFIE)nechoitjbes davedrar develapalso laddress dppedragchsiof

commer ! SRR RE RTS8 kSRS BRSO L SEC C
tracking of tusekisgehut are defitienf brprofidiighubjeoesesrity bedatseinngt REID systemsi mi | ar to
IR T T S,
radi o frequernesuritpdeicingrassuiaeed itk el dRGuenyIags absed btaandeithdy cefi bort has been
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placing the tag in a book. Even battery-powered radio frequency tags may be blocked,

although their range is superior and blocking would be more difficult. Thus, objects

tagped with an RFID tag may escape detection, either inadvertently or intentionally.

This greatly reduces their effectiveness as security devices. RFID markers are also
( related to “smart cards.” Both contact and contactless smart cards have appeared in

commercial applications. Smart cards tend to be associated with a specific person rather

than with a tagged object. Issues related to the security and tracking of the smart card

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

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



frequency- and m crowave- based EAS tags. However, none has substantially
I nproved their performance as security tags. U S. Patent No. 5,517,195
(Narlow et al.), entitled "Dual: Frequency EAS Tag with Deactivation Coil,k"
descri bes a dual frequency -3- mcrowave EAS tag that includes an antenna
circuit having a diode, and a deactivation <circuit. The deactivation
circuit responds to a | ow energy alternatidg magnetic field by inducing a
voltage in the diode of the antenna circuit so as _to disable the di ode and
the antenna, thenBIOVavRTRAS tag thetinplpdesan antgpne cingut haxing? diedes apd 2 depctialione
applications, theircifPBieidRtivabac@duit REpofdsIS b RVMerkyaildialinihahetio ield BRY | eak
el ectrical charge over tinme,. whjch g'gul d cayse the tag to becone activated
uni nt ent i onal I y. 'm&nsafl?leawwoéas aa%enaafwf%sotﬂf:f?ﬁwlg&e&mﬂ}dﬁm S.
Patent No. 4, 745, dhfbhna, (b €adtiviting @e-tdg. | AMhbugH @seful FR §o1RY dpplicRlicd@®RY . The
magnetic el enment alters t%e%n{gn%.of ‘the ta gpe@ i.t has been suitably
magnet i zed by an BRRHTEHE} tgAiscRE! “blﬂﬂl"f"’tféf‘leﬁg'l glereacal gharge oxeritigies - o quency
response of the tvwigeh ddLlditaisgihe tlgeSEechdsitithtsdmniatethilRl N utility, they still
do not address the issues of enhanced security and identification, Radio
frequency identification technology has been devel oped by a nunber of
conpani esj i ncl udi ng Wadio fredquadcy EAS|tdrs ofthetybt dscioRatieUiS. Mated ®os4, 545308, 880 and
5, 565, 846), Texas,|nstr t see U.S. Patepnt Nunbers 5 347,280 .an
5201 604). M kr g Fiapindiks Bammnicenet. B mapEbcHr P Rttt | o
Pat ent Nunmbers 4thdthg whenit hat betd Gyiaig magneB28 bR HiiccessorOdeyic And therebybloéks/, 851) ,
CSI R (see Europe n rs.0,. 49 1 : 85 132. Al.. 98 624
- and 0 615 28%%??@%%(%%?%%?@“ o ol 1 1o '%,"%ﬁ%f’%‘é’?’;k'ﬁ‘%%‘%o, 547:
» 521, 601; and 5, €l e 1d3Ydrestiet issBw PEahmeed scculilyeod idemificgiof.see U. S. Patent No.
5,625,341). These tags all attenpt to provide renpote identification w thout
the need for a battery. They operate at frequencies ranging from 125 KHz to
2.45 GHz. The | ower Radiefiequpnsy identification tetimglogiiss beea developeiiiyatnumperofsi st ant to
shi el di ng, but h%p%ﬂ&s?’in&lbdﬁ thﬁ&oxroi%ﬁhﬁlsaf(&@ﬂ%@g%t &t %‘,ﬁf@édota){d due to

bandw dth constraints. In particular, stens based on ese nmarkers
general |y oper at e3-?&§48hTgxas rstyumenie fsea U Ryjene Numbers 5347280 prd 3.3 8PHogat i on
zone at a tine. ﬁh@&vﬂn?@s&ﬁwﬂdﬁc&n@@in?@bﬁﬁ)'s}@éﬂé(RUUKS(P@@@HW%@SIVe to
manuf acture. At higher re%uenmesé g 3/6p| ca Ig 13.56 Mdz, 915 MHz, and 2. 45
GHz), the added bhftRm0Gt4:796.074; 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



avai l abl e has permtted the devel opnment of systens which can reliably
process multiple tags in the interrogation zone in a short period of tine.
This is highly desirable for many product applications. In addition, sone
of the tag designs hold the prom se of being relatively inexpensive to
manuf acture and therefore nore attractive to a custonmer. However, these
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the tagged itemis inportant. For exanple, PCT Publication WO 99/05660,
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DESCRI PTI ON OF THE DRAW NGS The present invention is described in greater

detail with re iched Figures, in which |ike nunbers

represent lik the several views, and in which Figures

| A and 1B are schenretprssemlrmmcrna&rheaﬁa KHIDIdadt, lhéreahgemuhdwnnm ddvivad, i on
t ags;

and applications for such devices. The devices and applications may be used in
connection with items that are associated with an RFID tag, and optionally a magnetic
security element. The devices and applications are 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;



Fi guré 2 is a schematic of a second enbodi ment of a radi o frequency
identification tag; Figure 3 is a schematic top view of a conbination tag;
Figure 4 is a block diagramof an RFID interrogation systeminteracting with

an RFID tag; -5- Figures 5, 6, 7, and 8 are illustrations of conbi nation
tags according to the present invention;.sand Figures 9, 10, 11, 12, 13, and
14 are illustrations of various enbodinents of the present invention.

DETAI LED DESCR! PTI s JHE7) DB TG SBOHiERDR RgPhockingRp fRe!

invention described herein nake use o tags, a preferably of

combi nati on RFp@sephigmention; apdcurity tags. Tags of this type were disclosed
in U S Applicationg | gl ry,0 : ]

entitled "ldentifi (';'lgglﬁ %%91'88'“(;?? ’hl3E%{qg%§é%'ﬁ%et@EMst$ 3}’%%?%%"%"3’?’@? ghed to
t he assignee prlesénhiavgttiesent i nvention and was incorporated by reference
into the U S. application fromwhich the present application clains
priority. A detailed description of the magnetic, RFID, and conbination
tags used i n CDETANCED OESGRIATICONOE THEANWHENHQOM the present invention is
described in Sectiop |, bel ow, d t he enbodi nent. f the . pres i nvention
are then set forth e(ﬁ‘g’f’gﬂe“fsr??%&?feﬁ‘h‘"IiT‘IOBgFS&ﬂ?edﬁ‘e‘FHb'Eal‘éﬁ’dc %ﬁgh%nts For
Use Wth Enbodiaggnrhs peferibheofRomsanion RIVDMaghdicAedudity tbigse Tags bfhik hpe

enbodi nents of the inpvention described [n Section I] |.ow,

i ncor porat e bot”ﬁ'edib’]cg?ﬁdn‘l‘ Eljeﬁtﬁﬂ?ﬁiaétf”? g‘?{'aLﬂHmB‘frfogg)??*\ll%d’ §E§d’r"?e_t%rl§%y33dsi ngle
device. They pnRkerabiibchuval TadaviaE AhQERBBEcNAt whigh WASRARRFI@tHe0 a magnetic
interrogation signal, and an elenent that is responrsi ve to a radio

K;aquency i nt eR¥EGeRIIEhe RIPGRIENVENISN A &vag EBAPTAATICY reiffence into the U.S. _

gneti cal | y- r gsiediivh W@nBMEBRMRE prieaPagplifitbA 8RintshBioAN! ANdbeiltd Beskrifiof 8fli O
frequency-responsive elenent. The term "res‘g_onvae", neans, in the context of
the present i HeaHEnais; REaend spmbinationctags ysedir caigngtinr afth ithr ambedimpts phat i on
when subj ect edifeQrdbhnt iRRRIARE datibed RIREARARLAON dnll BleEmbdiimehdf e dual

el ements are described first below, followed by a description of a

conbi nat i on t aBresensinygrtion predbanescifopinedstail i fection I1, below.

1L Tags and Elements For Use With Embodiments of the Present Invention

A tag used with the embodiments of the invention described in Section II, below,
may incorporate both object identification and effective security in a single device. They
preferably include an element that is responsive to a magnetic interrogation signal, and
an element that is responsive to a radio frequency interrogation signal. Inone
embodiment, the magnetically-responsive element also provides the antenna for the radio

‘ frequency-responsive element. The term “responsive” means, in the context of the
| present invention, that the element provides intelligible information when subjected to an
appropriate interrogation field. The individual elements are described first below,
followed by a description of 2 combination tag. As will become apparent, the
embodiments of the present invention described in Section II, below, may include either
an RFID element alone, or a combination of an RFID element and a magnetic security

clement,

A. The Magnetically-Responsive Element
The magnetically-responsive element is preferably made of a low coercive force,

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



enbodi nents of the present invention described in Section Il, below, my

i nclude either an RFID elenent alone, or a conbination of an RFID el enent
and a magnetic security elenment. A The Magnetically-Responsive El ement The
magnetical |l y-responsive elenent is preferably made of a | ow coercive force,
high perneability ferromagnetic material  such as the material used in the
strips sold by -6- the Mnnesota M ning and Manufacturing Conpany of St.
Paul , M nneso 3| t desi.gnatd on " T, - TAPETM n trips.
These strips, Eh%rﬁ%é%gépq‘ g‘i@eaﬂgﬁag@?mg%rge oc'i"p 4t r?@gh& P'nﬁg%‘\%"#%@i@éfg g%t S

assi gned to 3Me desighatidn HHATUISE-TRPEEY briNaisstrips, 3Bébe 8t1ids, of Harkengsembiies, 3, 747, 086

Peterson), the gontents of which are jn orate y. refere erein.
(Exenpl ar y) I ovvaré’déf‘iﬂ vl '"fSBYeE”é,pa[ﬁ?téFFsﬁﬂ?Jrfng’{’ IPWC 3-"‘5 g’r?‘ﬁ’ﬁﬁ@‘rﬁ?ﬁ' g’gﬁjﬂ%gri al's
i ncl ude per mat bidig)(@fd Bi7ek68d (PeRito), ihe¥dnterdd\sf hidRrdinEdrpiraleaBEreaii@ich NOUS

metal s such as those available fromthe Al liedSignal Conpany of Mrristown,
NY under the B&&IngRXRmRRY lowgaerivadoroe dstypaimeatiity firepmagnetia matemgls include
magnetical | y- F&%ﬁﬂ@ﬁ(a":ﬁ‘ck%lhﬁﬁ%‘ﬂ&y)%}d hif el Rhce MBI hBuSha@kil Suchhs U@l status,
depending on the nature of the articl'e with which the elenent Is associ ated.
For exanpl e, availphle framthy Aliediignab Seragany el Moppsivine BT Yaundenthe designggiont enpved
fromthe |iDbrffeel %Smﬁﬁﬁ%’m@gkﬁ' status (non-deactivatable) nmarker would
al ways i ndicate et her suc ook passed within an interrogation zone.

O her articles, 'such as cormon |ibrary nmaterials or comercial goods, nmay

requi re a dual - sta PR55R . ] ] has been
properly pr ocessed&ﬁ@%ﬁ& @érréy ‘bé)!lg%%‘(r?(g%? ?éa 'Q@’i&c%ea%{}?sv%tdégglag’s’ pr event
tection by tdépending en thegatureost troanidewitiDabich the alemsntfisasedciatedalFot y i s
enerally provided through th ddi,tion of sections of.high coercivity
magnet ¢ mat e P st APt Sod M iRt 0835 bt Ry A e Bt a1 s
descri bed bel tws asoigierstanbsgnorPddactivaahle patrgertwouhcawpeiraliceet vihetheefueh ence above.

Certain nmagnetical | y-responsive el.enents have.the ability tq,swtch magnetic
orientation ré%‘fcl?j'faﬁye\f\ih“é'ﬁ'%pa sf%t&ﬁ%tah?%ﬂ)d‘ﬁ‘ gn’lc{)W"f]?seaﬁgﬁi?"éT‘f“&bﬁaﬁ i ng nmagnetic
field (50 Hzmhaenilddr KiEmertialr goodsMal equirendliat-Qatps mahkercassenblye stetharwhiened
characteristi & resdions t hat may be teca(ed by the recqi i ng, C(ai | s of a

1 r y deactrvated to

detector. The PEATLHM c"'f“lPﬁ%Reiﬂ?SﬁX)S?ss‘t' the marker may be appropnate

prevent detection by the interrogation source. Dual status functionality is generally

provided through the addition of sections of higher coercivity magnetic matenal in
proximity to the low coercivity magnetic material, as described below and in the

Peterson patent incorporated by reference above.

Certain magnetically-responsive elements have the ability to switch magnetic

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

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



mar ker assenbly is controlled by the magnetization state of the high
coercive force elenents, or "keeper elenents."” Wien these keeper el enents
are magneti zed, the ability of the narker to magnetically switch back and
forth within the alternating magnetic field of the interrogation zone is
altered, and the marker typically is not -@etected. Wien the keeper elenents
are demagneti zed, the marker can again performthe switching function,

enabl i ng the inter riigabdrken asentblg eay alscldklad admb@rcmneﬁﬁmbomfsndéhaermdoer The

keeper el enents be provide ere S, kno he art.

P he mar ker CuE e fas bapaied o bk Oh SO sH b Raten oy b

t hereof, to ena&k@dbmrmdsﬁé life®, tbgrd@enqmsfb@oambeﬁhceero i efiendéd i cl e. The

adhesi ve | ayer(s) nmay be covered a renovabl e |iner prevent adhesi on

of the marker $HEEPIIORINIRPHEANEN tosihie mér@éeqo%urf@qe tIhesAnd PH’&f feétﬁfeﬁef‘thﬁe i nt ended
surface. Thesemang Rl ireaésw’u%a irfthe U pamrrk&rsaﬁégrsoérxaraﬁ)es gespri bed in
the U S. Patent Nos. 7y Fearon), 5,083,112  "(Pi otrowski ), and
5,331, 313 (Konﬂ’mgoowsblblanriﬁééréb}%oemgby" insorpprated by atfereace abeveaus e Iow
frequency nmagnetic elenments of this type are difficult to shield from
detection, they may be effectively used on a wide variety of itens when
security is inpor tBesaise low fieipiency aragneticelementy oftbisdypecare ditficolt teeshitld feanet | vat ed
nore conveni en t.el eat yi ng ot her
EAS t echnol ogi Eeést%non Qf?%%a?bﬁei’fecu% u{eﬁ iapl e%nﬁt@ﬁ)@g%{l&&r %W'gppl i cations
(such as |ibr ampeeantv\,{heac@ntohr they mztyareaiehcewatsd agd reanhatgmhuyrechesvenalulye B. The
Radi o Fr equency: onsi,ve a it actiwe or
Easm Ve, An' actrtRS o KBere BT B uatker eratyod SlsrEaS e el o s o
attery, into thlamntoagsuimblelfomeetmomanﬂ'kppﬁcaeaﬁr(g;ch as liblasies) paédiiis active RFID
ags to create and transgi@ a ng response signals even in regions where
the i nt er r ogat PRGCEIHIS Py GsE®I field is weak, and thus an active RFID
tag can be detected at greater range However, the rel atively short lifetinme

of the battery |I:E g! Ed gfeful fe of {the tag. In addition, the battery
adds to the size a a0gyfre ponsive el "t ag deri ves the energy
needed to power theRRIBYags'c@ibd dider dcﬂ{r@érr@&ﬂklfQQadtﬁQldg ihdopstiigtexcas fiel d, and
uses t hat energ%l to transmt reslgonse codes nodul ati ng_t{ he |rrpedance t he

ant enna pr esenfditiopaleRYeY sugier Yighes hbpreneintp, ‘hT 18 capyruction. “This energy

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

regions where the interrogating radio frequency field is weak, and thus an active RFID
tag can be detected at greater range. However, the relatively short lifetime of the
battery limits the useful life of the tag. In addition, the battery adds to the size and cost
of the tag. A passive tag derives the energy needed to power the tag from the

; interrogating radio frequency field, and uses that energy to transmit response codes by

) modulating the impedance the antenna presents to the interrogating field, thereby
modulating the signal reflected back to the reader antenna . Thus, their range is more
limited. Because passive tags are preferred for many applications, the remainder of the
discussion will be confined to this class of tag. Those skilled in the art, however, wil
recognize that these two types of tags share many features and that both can be used

with this invention.

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

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



nodul ating the signal reflected back to the reader antenna . Thus, their

range is nore |imted. Because passive tags are preferred for many
applications, the remai nder of the discussion will be confined to this
class of tag. Those skilled in the art, however, will recognize that these

two types of tags share nmany features am§ t hat both can be used wth this
invention. As shown in Figure 1, a passive radio frequency-responsive
el ement 10 typemeanenly stonethe thgddenibicabonpdrether desirable infirmgticat mttrpretrandii t 12 and
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the informati g’ﬁa@g'ﬁfegﬁs? ojeddo jshispding ‘E“i" @gwqut% read %\BS 'Ei’fj ust

readi ng the i RfrQLiiBSi{a8MR fSUlse (o 1OAT rﬁu?i:éfa.ncmcretxﬁ&@a&ﬁﬂbre b TekdsInstiahdemb! © for
use in RFID markers include those avail able from Texas Instruments.  (in

their THUS or (mabgin FIRIS prelagrit b?fdlflﬁtqu‘)‘s) Rinlinisi(p $hejr ICadg Mifare aushitag et ar e and
H tag line ofypragisSt SibrordRARA Q./dlsngﬁl(g,epsgggmg@mg gﬁ}sp Systens, anong

ot hers. The antenna georretry an properti epen e desired operating
frequency C of the RFID portion of the tag. For exanple, 2.45 GH (or

o1 Lar) REID 05 ol g BAA L l ASh hghR GR A LS 1

é;near di pol e ant ennas
tennas 14a ShtheREID padieedf the taghdor adinplef T ¢9GHRA (o smebpAIEDvaes veuldnent | Ca

0 Fioure 113y fabdBad ipl0n sl b3V b LR AL USRSl O col

ant enna 14b, e radi uency responsi ve e ®ement 10b
in Figure 2. llAnoenht frddedalgei, antdneasdds dowa atlzhhcmltoehcepmfreqmey asponsiva equency

ener gy radiat efloliy 108 HAETROUH MAON G, T Hednale Rg g gar 11 es both

power and comran he "an nna e ponsi ve
el ement to absoi bntemerlgly as sjfomn@nleﬂtd toahc :pdwefreqmdney ﬁeﬁ;‘aomth:)elamin 10ban eby

provide the r % g racterlstlc f .t he
ant enna st %seg%rm.tg (é: cas hec asn esn aem mtﬁ.rc 15 ]ﬁ ra:f ﬁ%quence/ ener 1apd byl n the

case of tags epénatdgagpn sountcheThs g]gnawt@rgymar&tzbmlapcgeqr ahmmmmemﬂs lorﬂmr t ant
tag. The antenna enables the RF-responsive element 10 absorb energy sufficient to
power the IC chip and thereby provide the response to be detected. Thus, the
characteristics of the antenna must be matched to the system in which it is incorporated.
In the case of tags operating in the high MHz to GHz range, the most important
characteristic is the antenna length. Typically, the effective length of a dipole antenna is
selected so that it is close to a half wavelength or multiple half wavelength of the
interrogation signal. In the case of tags operating in the iow to mid MHz region (13.56
MHz, for example) where a half wavelength antenna is impractical due to size
limitations, the important characteristics are antenna inductance and the number of turns
on the antenna coil. For both antenna types, good electrical conductivity is required.
Typically, metals such as copper or aluminum would be used, but other conductors,
including magnetic metals such as permalloy, are also acceptable and are, in fact,
preferred for purposes of this invention. It is also important that the input impedance of
the selected IC chip match the impedance of the antenna for maximum energy transfer.

Additional information about antennas is known to those of ordinary skill in the art



characteristic is the antenna | ength. Typically, the effective length of a
dipole antenna is selected so that it is close to a half wavel ength or

mul tiple half wavel ength of the interrogation signal. In the case of tags
operating in the lowto md M1z region (13.56 M1z, for exanple) where a
hal f wavel ength antenna is inpractical du® to size limitations, the

i nportant characteristics are antenna i nductance and the nunber of turns on
t he ant enna cofrém, foexainplehreteranenieats sygbes ). DgKods, intannasi (2diled. dOBY MxtGrawt y i s
required. TyphﬁafnlcyNerTe}al,f(s such as copper or alum num woul d be used, but
ot her conduct ors; i ncludi r?g magnetic netals such as permall oy, are al so
acceptable and are, in fact, preferred for purposes of this invention. It

is also inportant that the input i ance of  the_ sel ect | C.chip match
the | npedance of t HuCHAEISR AL RSEn DERTSAIREHERGYE REriQREREF Of thaFHTES 3bal

i nformati on abguivn aFigHeas The cdpBanon | § Gvieh pRsenfiures the dpéritisgkirdqericiof he art
-9- from for tg%(arrpl e, reference_texts such as J,D. Kraus, Antennas (2d ed.
1988, MG aw | F*‘IB,“’FrRé'F'?“'Né&iJ“?oﬂk'ﬁ 1s desirablg Sprjobigpunggnaxmiph pR&TatNg S4N8fed t o

i ncrease the paufiRGARDEEpRinck Roth 'i‘&[déﬁfn% regSireniQWThé Eaphdi@¥ kfdy dithed Ba Capaci t or
16, when present, tunes the operating Trequency of the tag to a particular

val ue. This i stisfeele cempasentonr igpgratehinktheranienna as daseribad belgwr Imspme 3ghd i nsuri ng
conpliance wtk,. L ﬁﬁfﬁ% Ve r - be a

di screte corrpo&r}eg ﬁ’?%@“ﬁﬁ%&é g}tég%ﬁmgp%tr téle_mg]rt?te ?Jggéngggcs?%% 'Q'gel ow. In
sone tag desigHs, 2 tpaing capadiwr isyot mgsrede Thecrpdcitooisogleqtert so that, whanyrobpleth

frequencies, s - itz i I i i.ted. The
apacitor is stgﬁgeclt?' g‘ﬂ%sngé?rﬁat, ?kﬁ'één%g%‘ﬂ%ﬂ@%%?’ %’F‘?‘{‘]’%‘!'@??Qﬁtc‘{'%ﬁ%’%%%ovi ded by
‘he ant enna, t#mcuesgivemby.frequency of the conposite structure, given by: 1

2rrl ) LC where C = capacitance (in Farads) = i nductance (in Henries)
cl osely matches the desired operating fj%f the RFID system The
capacitor may also be a distributed capacy &5 described in U S Patent
Nos. 4,598, 276 'gTait et al.)
Where
C = capacitance (in Farads)

L = inductance {in Henries)

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

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

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

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



and 4,578,654 (Tait et al.), which are assigned to 3M Distributed
capacitance is desirable to reduce tag size, particularly thickness, and to
m nim ze manual assenbly. In operation, as shown in Figure 4, the radio
frequency-responsive tag 110 is interrogated by an EAS security system 100,
which is typically |ocated near the pointb-at which the tags are to be
nonitored. An interrogation zone nay be established by placing spaced
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separate ant emmam 10dthat Bdlusiidied r ogati on source 102 and the detector 106 in
pl ace of the single antenna 104 that is illustrated. Modern RFID tags al so
provi de significant anmounts of user accessible nenory, sonetines in the

form of read-only NModenRFD ta\gl; bis@pronidesigiftaiiamodtis offiseLacpésibrm@loyy, of fering

R TR AL M SN AN TR
i nfl uences t heﬁ'anrigahaﬂwr the aiglity 0 reb&h@edlyntpegr: ficasbny Byretvrithey it conemt an RFI D
tag. Typicall ¥r’o e&lstanc '}'hzesambolum ofa memory provided can vary, and influences the size and
cost of the integrated circuit portion of an RFID 1ag. Typically, between 128 bits and

512 bits of total memory can be provided economically. For example an RFID tag

available from Texas Instruments of Dallas, Texas, under the designation “Tag-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 manufactunng
information, and the like. Similarly, an RFID tag available from Philips Semiconductors

of Eindhoven, Netherlands, under the designation “1-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 expioited to enhance the performance of an
item identification system deployed, for example, in a library environment. Presently,
libraries idémify items by scanning an optical barcode. The unique identifier contained

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



512 bits of total nenory can be provided economi cally. For exanple an RFID
tag available from Texas Instrunents of Dallas, Texas, under the
designation "Tag-it" provides 256 bits of user programmable nmenory in
addition to 128 bits of nenory reserved for itens such as the uni que tag
serial nunber, version and manufacturingl!4 nformation, and the |ike.
Simlarly, an RFID tag available from Philips Sem conductors of Ei ndhoven,
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two di sadvantages. First, a connection to the circulation database nust be

est abl i shed t oheawcuse sBY penpggespingtiticahitems phinformation en thp BRFEY g tth o t y of t he
i nfornmati on \Am%e@mﬁ;tfoggunsoeagvfﬁo+gcati on rembte froma connection to this
et orpe:.

dat abase. Secon e retrieva information fromthe circul ation
dat abase can sonetines require an unacceptably long tinme, particularly

during periods of ay. SEn. ori. certain critical 1t -+ Of
irnformation on the dégfﬁ?pg%&l%%hﬁé? W*"Pﬁ%"é’g‘{‘r’}"m‘? glfel %errlf(émclzaélﬁe efremlg\r/agf come. One

xanpl e of i nfidemifitatiomsystencifipesant ¢h thetRFIDvag ithedf wand or nbaare idehtifcatianbr ar y
identification syst i f .present .on the RFID tag.itself would.be a.librar
dent i 11 cat | onmtEn e iR SR R AR ety oty IRAS e RVRR < home
library coul d 4md copvesitdtly derbinedbpsnphyedsahnnyngtthé RFID 1ab¢l. Ayoengringplssanni ng t he
RFI D | abel . Anoé?her. exag%l e of infor i on Er ef ar gbl y %‘r(%;ent. on an RFID
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exanpl e, conprjse the ia type code specified in the 3M Standard
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Standard Interchange Protocol, which is available from the assignee of the present
invention. By immediately knowing the media type, a library’s material management
systems could insure that an item was being appropriately processed without incurring
the delay and inconvenience of consulting a remote circulation database. Other
examples of information suitable for incorporation into the RFID label will be apparent

to those skilled in the art.

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

implement with barcode-based identification systems.



invention. By imediately knowing the nedia type, a library's materi al
managenent systens could insure that an item was being appropriately
processed without incurring the delay and inconvenience of consulting a
renmote circul ati on database. Qther exanples of information suitable for
incorporation into the RFID | abel will hgzapparent to those skilled in the
art. Another area in which RFID systens of fer an advantage over
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frequency-responsi ve el enent. The conbi nation tag nmade according to the
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magnetic interrogation f wou interrogate the tag t© determ ne whet her

t he magnetic Fg@q! whetherghe srHele g heen properly processed. Second, a magnetic interrogation
field would interrogate the tag to determine whether the magnetic portion of the marker

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

combined into a single combination tag,

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

permalloy, an alloy of nickel and iron.



assenbly was active. If the marker assenbly was active, the interrogation
source would produce a response, such as a notification that the marked
article had not been properly processed. Because the nagnetic interrogation
is nore resistant to shielding than the radio frequency interrogation, the
magneti c portion of the conbination tag would provide enhanced security.
Thus, the features of both magnetic and ‘REID tags are conbined into a
single conbination tag. In a preferred enbodi nent, the conbination tag
includes a magnetically- responsive el enent that al so functions as the
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both functions satisfactorily. Wen the magnetically-responsive elenent is

used as at | east p%ﬁen%e %&%et@c@ﬁﬁ@&%nsive element is used as at least part of the antenna

for the radio frequency-responsive element, the two are electrically coupled to each

other. Electrical coupling may occur because of a physical connection between muitiple

elements (as shown in Figure 5), or, in the absence of a physical connection, by non-

contact electromagnetic coupling (as shown in Figures 6, 7, and 8). Non-contact

coupling can include parasitic coupling, capacitive coupling, or inductive coupling, and
( use such antenna components as parasitic antenna elements, reflector and director

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

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

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

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

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



for the radio frequency-responsive elenent, the two are electrically coupl ed
to each other. Electrical coupling my occur because of a physical
connection between nultiple elenents (as shown in Figure 5), or, in the
absence of a physical connection, by non- contact el ectromagnetic coupling
(as shown in Figures 6, 7, and 8). Non-ggntact coupling can include
parasitic coupling, capacitive coupling, or inductive coupling, and {-_ use
such ant enna - bt . : r . and
Girector  ant SAnRaBRGLSo BTN Re B SRR Rl 8% 0y

conf i gur at i onativalttbandalehitivaied @rproade shalmatuntali Ther antedna 22ul shohers indligulre t ur ns
made frommagpetic material..The tag coul.d be, f.or.exanmpl e, 13. 56 MHz tag
havi ng an antQﬁ‘ﬂge\ﬁ’r'ﬁB?twwgs'ca%%ﬂqn%é‘%ltﬁ@wi 'We%mﬁe‘?:ﬁml”ftﬁé ogg]el%@eﬁzoarngen% e
provided at t8;baids Acietheless didtpicallyeotifled abEdihoi€ anténnd &) badsif dipdke tag. O her
types of flux collectors rr%y ‘g,e F?r ovi,ged. The conbi nati on tag,zo_ shown in

Fi gure 5 i ncl {yenedo prayideafombisainades 3R Thedinale antemne 24 maySAmPss eitbii ch i s

made of Wgneﬁﬁﬁéﬂida}{?&é&ﬂ@ﬂﬁW@ﬁﬂ%? 86r-BhgneAlilly rRfonsivBhRfat ed circuit 12.
One or nore keeper elenents or the type descri bed above al so -19- - may be

applied to the magnetically-responsive material, so that it may be

selectively acti &ﬁzﬂl‘aﬂﬁ%ﬁﬁth‘éﬁﬁ@o@m&ﬁsiﬂr\»ﬂl‘l’r{hqg)ﬁ&hgfl’ﬁﬁa?ﬁe?nﬁé’ﬁ sag. The

antenna 22a shown in Figure , however, 1S no ysically connected to the
i nt egrat ed ciprovited tozlegiricallysouplpwite anterinen2idh an@ 33c, pspectiselnoinghenel ess

electrically ' - tenna, hy. parasi f,i i pol oupling to
provi de a con’go?ﬁr@{aﬁ%h{a zggp%gjflR%{gurg?b@%&ggﬁtcgguﬁaﬁégaﬁf/glggl%rrparﬁtle%né ei t her
mgnet i cal | y-23bswhinks is\parasifitadly caipled to agiernam2Rbe tAncenhdsy22b epomdsiofe mat eri al .
Figures 7 and_8 itI.I !s_tratne. enblodi]rrenﬁts in \sgggh nor e%dt g’gn onﬁ ntenna 22 is
br ovi ded t o ePaREGelErEpOBE ARty 1 Dol ¢0 Datbe e s Pt iele i vel v I n
t he conbi nat fespontiggmatelial S hothecdrbirfatigurag 28c showh @gFigiired, £iadioUteluebgy-i ncl udes
di pol e antenna 23b

whi ch. s parasitigcally.cou le%t ant.enna liZb.
Ant ennas 22b HFROMTRGRCBEnt 0%‘@}9(@? fhé’&’I“I‘@/g ’lg'é’§éd?1%3’§5'c t%‘f%f’fy Céfﬁae %t enna(s)
23b may be nusifenads 2280 A@iencR|2by/are MRSOOM ISV AicABL Rfpoasive thiteddl@ng onbi nati on t ag
20c shown in Fie%gr 9)52 , a radi @ ffr equency- reS{)onsi veI eé ment. of the type
shown in Fi guiensa(izismay be madeqfimagagticalty:feqpopiive materil (Qthevanating fhas 22c.
Antennas 22c kR efBOdimeALs BRERGY U&ainky - r esponsi ve material, and antenna(s)
23c may be made of magnetically-responsive material. Qther variations of
The overall thickness of the combination tag should be as small as possible, to

enable the tag to be inconspicuously placed on or in an article. For example, the tag

may be applied with adhesive between the pages of a book, and it is desirable 10 make

the tag thin enough to prevent easy detection by observing the end of the book.
( Conventional ICs may be approximately 0.5 mm (0.02 in) thick, and the overall

thickness of the tag is preferably less than 0.635 nun (0.025 in).

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

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



t hese’ enbodi nents are easily designed. The overall thickness of the
conbi nation tag should be as snmall as possible, to enable the tag to be
i nconspi cuously placed on or in an article. For exanple, the tag nay be
applied with adhesive between the pages of a book, and it is desirable to
make the tag thin enough to prevent easysdetection by observing the end of
the book. Conventional ICs may be approximately 0.5 nm (0.02 in) thick, and
the overall thickness of the tag is preferably less than 0.635 mm (0. 025
in). The conbination tags of this invention may be provided in roll form to
enabl e the aut omatldd cesbjoationita is bghsrdddabivsrpanicular githaugiyaet exelgsve; esedr ticl es.
This general s I [ i Ny : o P i | No. WO
97/ 36270 (DeVat%ﬁghg{aSIgﬁgfﬂﬁﬁﬁhﬁ %gh'af"bgagrn%?réla |oa§m 3%,}:&5]6%5 og?ﬂ]énﬁge e surfaces
of which may beaubtibeahenitedip aah outanidre sasig perhashvitieuchuyorae assistances €Tt i) the
adhesive), may be.renoved fromthe roll  a applied hetween t ges of a
ook, nemr 1t T IO Ry hes illo s BRRGE RtEH T iR o o
i nsertion of tliweaoRBINAE baociitadwithhe libtahedard) pthen it pauahpasessidosghrtas to
detect the positi,Qn,of .various,kc onents in the systemm so b
b ovi ded - - HHEE PP G E R PO WAB PR RS Sy The R ™0 ¢ hough
not —excl usi ve, thegterisls.t ik (A SORS MivErTioR nay ik Akt iNRiveitbPIfanagdnithedn materi al s
having an RFID tag of this type could be checked in and .out nore easily,
per haps wi t houtPalifrd earblingslibsary admimigigatoss 40 keepdrackphragteraisyngigntangously and
automatical ly Qeuslveaiketheiind e (Bairtd dWleafveR@dd @R dreb@sdBY vheges f  have
an RFID tag associated wth her library card) when the patron passes through
__sui tabl e detacen Sherapplsationpcuethisoraserialsdendling ingries, watehpises. ord the- ent er s
%_he library wifa the materials. The tag of the invention may also assist in
i nventory managenent and analysis, by enabling library admnistrators to
keep track of materials instantaneously and continuously. These and ot her
features of the i ngRidiR emBSHim&H:, HiO n?o‘?nalipl‘?ta?rc&“@movfdgd D& RusHrg her
applications, such as materials handling 1n stores, vvareHouses, and the
| i ke. | n anot higforatiss dothdhrough hmagnstibiesponsedindicaipgovhether theonagaeticdeatiresst at us
mar ker i nfor { - j G se . lndi i et her the
magneti c feat lﬁ?fgg@ﬁ%? &%lﬂzg‘ @gﬂﬁgaﬁ%@ﬁ’g‘g& aﬁséﬁg%%&rrggé%ﬁeﬁﬁg%n%d t hr ough
a radi o frequefmicatings ponghb the use of appropriate software, whether the database. or the

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

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

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

Example One
A combination tag was made in accordance with the present invention. A

permalloy strip produced from an alloy available from the Carpenter Technology
Corporation of Reading, Pennsylvania under the designation “HyMu80" was attached to
a test fixture manufactured by Single Chip Systems (SCS) of San Diego, Californsa. The
strip measured approximately 1.6 mm (0.625 in) wide by 0.0254 mm (0.001 in) thick by
10.16 cm (4 in) long. The test fixture consisted of a standard SCS 2.45 GHz antenna
connected to an LED diode. The device was designed so that upon exposure to a 2.45
GHz field strong enough to power a typical SCS RFID tag the LED would glbw,
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



(indicating, through the use of appropriate software, whether the database
or the nenory on the RFID chip itself showed that the item had been

appropriately processed). The foll ow ng Exanpl es provide still further
information as to the tags used in the enbodi nents of the invention
described in Section Il, below Exanple ¢pe A conbination tag was nade in

accordance with the present invention. A permalloy strip produced from an

all oy avail ab (1 - i adi ng,
Pennsyl vani a hﬁé@%@%‘é’gﬁg‘ﬁ% g]ﬁ 'lgﬁp)ﬂg' g@é@%@ﬁ%ﬁyﬁ?%amega?est fixture
manuf act ur ed Istyen@ihn gbrdin@ing pheSysdesyid opS@Bn dfthePastoPpego, California. The
strip neasured approximately 1.6 mm (0.625 in) wi de by 0.0254 mm (0. 001 in)
thick by 10.16 cm (4 in) long. The test fixture consisted of a standard SCS
2.45 GHz ant eEasnple®mpected to an LED di ode. The device was designed so that

oot her LED woul g sEHEy g e e o SRRt eahB it PR ERBA Of (he.
proper oper at 19536 8fH4 RETDRA - A meqhﬂﬂ¥,ﬁwotlir%@ aftendaRokl@Y i§ Brefelip®n
e -

repl acing the_standard SCS antenna wt -1 pr ot ot ype pernal | oy
ant enna, the IB®sHR] GRstamaasing the poikass fommedirgm o magresinallqy suphes pemalioNt h,

confirm ng th%it&?ﬁf&%ﬁfmé‘@qh?ﬂ&'ié:téhgﬂic%, dﬁmﬁwgo(%{%y&ﬁion 84N FmakROTRd gure 3
illustrates another enbodi irent of an antenna that I's believed useful with a
13.56 Mz RFI Braighti‘gm” partionk pEthe cabpgeeaise anthe oiapnetigally respensivaglegesset ry i s
preferred. T i a 1: S COL Ly . magneti c
all oy such as “g%?er%!&f'l g}?w&%m]ﬁg@g{?ﬁégg@h#%“( 'ﬁﬁé‘%‘?@g’f‘i"g{'q?ﬂse%%r‘@gﬂ , die

zut ting, or dépgsibeiefectivenesuefihamagstic seditey patiomofghe dévimendn thorti ons of the
oil serve al netical ly r onsi ve el ements, in ' esi gn.
rovever . tho PoaCimbRSdBPRTAAE ol LARPATN S RaR or TR 3 D Bk o Py
limts the efbemtaddahteshe afenhhecinm@natomse higdimitadion. The corsnuaionthvevndevi ce. | n
t he enbodi nent.. sh in Figure .3 lux collection.el,ement royi ded at the
corners have tFE%ree(r?/\g'aﬁg’oP "ffgrag’ lﬁ’e’"%‘ﬁ%@n%%“%‘i ¥ Pf%"%%?%ﬂ%%ée dt§ %?usn g nitation.
The const r uct ioperatigdmquenty of-ihg antennd 1ovthe Ipekscribied fnesr@lhtion fiegednaygle a capaci t or
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, it is believed that the antenna of this example

would function adequately in such an application.

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

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



The characteristics of the antenna described in this exanple were conpared
with the characteristics of known antennas for radi o frequency integrated
circuits, and because those characteristics were simlar, it is believed
that the antenna of this exanple would function adequately in such an
application. The enbodi nents of the preseht invention described bel ow may
use either a tag having only an RFID el enent, or a conbination tag, both of
whi ch are deschas baidts afibvggazinds| but EavDieste hanifg efdcts dvamdgnescalty-recordahmedin A, RFI D

Devi.ce with Magnetic Capahiliti B |.D t hi el ded eith
et onal |y, P BNFHVERE BOFEA S0 Pt P a2 P HOSFBS Y B8RO npor 1 ant

to provide bot RitkhltlAnpigoNBEMesy ibr& ¢ eldiTintehberel enments in the tagged library
material, preferably on the same tag. When the magnetic security elenent is

dual status, nmeaning that it- may be selectively activated and deactivated,

its status is typigalgomGhARYed, MREIDGIRRP: kqljed o Rlad hidFRENG frdm hrt €1 d O
that elenent. Magnetization operations such as this have no effect on

library materi &FE tagc anitem, sueh ssconatron ferd rheglk,2r wthsr meigtialc Rreferelly thear nf ul
effects on mag i 4 6 | Acl J i F leGE Wi th
magneti c capabﬁ?(}r%"%g@ eség vg'glilggg:ﬁﬁg%o@f gc}r%?gﬁgrl@%g(gﬁa%%dﬁﬁ l!t;gh(gﬁ ean’y

i nvol venent by ptintherapical; faf éxampleh evhich cAmbestsedwo insurdihg propersubsggueRE| D devi ce
is equipped to - r ot i .REID t.a n, it S as a
patron card, bgf)ol%gsqgk%ﬁ'ﬁér 'ngﬁ%ﬁlyge%[}’rcg’f{s?gﬂ?' ! ds{'}tehaa ‘?en gghrr% alggltr]f read from
the RFID tag i nal, desiged talemblgaticiontiof andeidiaivitippef (Heaemeityl demenppartidn ofor

tical, f | i . ' t he. .. sub t
P oceasi ny.or PRI b AR IETD ok T8% bOaFBENEdt Bl GRA IR e such
s the coil, dakhifivatbod afoanabh e 4 fenptdrihvwaig PRwaRGreadiby\saibiagn of t he

security el enment portion, of 't itemtag. After the devi ce reads the
RFID tag, the 8¥) E@W?&%ﬁ'@%hﬁm%&ﬂﬂpgqx&%‘ﬁw 19 Eﬁfel“m?ﬁ?@’%ﬂsﬁﬂ‘sto a

conput er havi ngreSDiyhin@hidhiOWaILBIR fhitn AmehifREtATibrary?SErAEER oF PRVY,QNERMCalpr LAV,
Anong approxi nmately 50 current LAV software systens _are "Dynix," which is
avail abl e fr omilAveYhiehs availabis oy CARL forperatign qblspyer. Glamdo. aehyPRAT| v whi ch
i's avail abl e f uafEh (ARbiIBRITIRYA Bl A O8F RfLJdaNVRkouriCol orado, and "DRA,"  which is
avai l able fromDRA, of St. Louis, Mssouri.
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 10 use their existing LAV

software system interfaces and terminals while enjoying the added functionality and

features provided by RFID technology. The RFID device need not include a display if it

would cooperate with an existing LAV software system display to provide feedback to

the operator. Optionally, a display and other feedback mechanisms may be included in

the RFID device as an integrated package.

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

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



There are a nunber of ways to transmt the information obtained froman RFD
tag to the LAV system One woul d involve using the conmands inplenented in
the 3M Standard I nterchange Protocol (SIP). Another would involve using an
el ectronic device known as a "wedge" to transmt the information as if it
originated froma conventional barcode-Keanner. These and ot her 't echni ques
are well-known to those skilled in the art. In this manner, the RFID
conponent of {epeRfFbM erdﬁvt;e“;metdfpmmsanlﬁemffemedkdnby sdaming:folrynBEm ormed by

an -opti pal b_?_ a&sg gzﬁccﬁd%agrrb%[ﬁ nénevmg ﬁl%el mld nfifdation %?‘lel an é)xéi'graglﬁ hel_lﬁﬁhlas ed with

t he device. raries nie to use IStT sof tware
system i nt er f apefromuhe oeboth bﬂihﬁse\uyslﬁad@ﬁusmgitlﬁgmfohﬁatmddﬂdo fherm!t\f onality and

features provi by RFI Io The RFI evi ce n ed not..include a
display if it d‘ﬁ%‘é‘l" é’s‘fﬂ‘ogg?’éﬁ’é%w‘f %\‘Hie%%tgf‘?% AR ap \%P%‘"@V’ﬁ %Wfdl spl ay
to provide fGMﬁ§SMm ﬂﬁ@eﬁ&%ﬁtaﬁb be (X1t Bkt RFIB tagh £? InfMiadRd is

f eedback nechani sns included in the RFID device as an |nte rat ed

package. |n dé¥reded rfd’(ﬂ ths bepeaste ppuld b seapreds and theprthe Wentifiep g pp P co
capabi li ties, ;{BGae@iith that RERHEM d&%n&@ h %ygexlﬂ%ggén? wobRRWhtlIR IS | al s tagged

wi th RF tags, bar code |abels, I n operation, the device would
process an it &esdrded Q!lﬁéék&mfﬂ)d?géi@lmmlmghdfdmaawcmmrdlﬂfage arg apher code, or

both, retri evga&t@h&ﬁhﬁmhe@gu ﬂan?ﬁ.fem gs%ﬂqsmasgﬂ%rﬂpg:a?ﬁk@ oamL. Tedﬁahem@ed' a

typefromone or gs assin ion on to the

LAV sof t war e REUI3 tagreouldiien bt:lamnhdémmettanncl udes both an RFI D system and an

optical bar code scanning system the device nay al so be used to create
ID tags for nmedia that is only bar-coded. First, the bar code woul d be
canned, and t henTHelRFIDdievite fithe présent imventidn oefeably alss pafoaine sovar’ h  t hat

i dentifi er,

ing on,systemd recorded onto)
the RFID tag 5%8’??8 lw,gtaﬂy%ﬁs%gp'zﬁéf’gtﬁe @a%ﬁ“%%“mﬁ lﬁmf@}ﬁﬁttaﬁhﬁq&] F’l@fy sel ect ed
i Ef or mat |) on reiatmlalg.d“{]hiammeﬂbﬂcd.xiééds mfmaﬁg zﬁn)zl?olfaﬁdmcl:ifseﬂheaﬂd:ﬂﬁﬁcdngnt hat n$d| ﬁ
The RFD) tag.could the applied to the item The RFI evice of the
present invent ‘Hﬂ‘aB‘?'}a‘PéP"a@ﬁy ng?%e’g‘éerlr sftwaseeanbe programiped torsspepd o
desensi ti zi ng with ah RAicAR@NTtheQy ST Ubrafy)mAdrRMRIAL G/hidh the RIFED t4g0is hisbdiagd/

mat eri al s. deyice reads the REID tag and tr nsmtsthe
i denti ficati oﬁ{]‘h? ﬂ?&s P AePOCE ik BSiEop R c 13888 & aterid gt 1REMDSc an be

programed t o féreshidhdpecialized 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 software indicates that the RFID tag is associated
with an ordinary book, and that the book may be checked out by the requesting patron,
then one magnetization system may be activated to deactivate the magnetic element
associated with that book. However, if the LAV 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 secunity 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 1o damage magnetic

media.



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 sonething for which a specialized nagnetization
operation is required (magnetically-recorded nedia, typically), then the
device can activate only the systemthat pgrforns that operation.. For
exanple, if the LAV software indicates that the RFID tag is associated wth
an ordi nary book, a - hecked ting
patron, then one ng'%ﬁ% zé@“ﬁ%‘@@‘% % Q'bgegéelétmthgﬁﬁe Oh)&lc] %flﬂ)tljlg e the
magneti c el eneiself thmshn:matreghtinh tdurctehmtd 0 orsnsmivabe weformatibn tdike LAV sof t war e

i ndi cates that ) iated wth a video ta f.or anpl e,
then a differeff? ‘?‘&I&ﬁ@? F?’gf'ﬁtﬁlﬂ '@9@%‘5&1’%‘3}’%@ m’éﬂ‘itlze'é‘{"eséfﬂf'g%ﬁ%"géft &gt e the
nmagneti ¢ Secur iempodmetRtulddikel Ghbeck %/!Mal’h I@erré}a.hncwtfteﬂ;s& fdRr stepbhirdrefbifefier ent
magneti zati on syst&ni}lm ght invol ve, Tor exa , a weaker magnetic field or

a field confind@ireaeh thegamedgiulin As A minimum the RF @s@h%ilmst?ryadwed@ﬁ@%%eﬁr' ty
el ement, so as mchﬁr)pdﬁﬂeel@lfmg@bﬁ&o&lﬁ‘is AReNSol Cinblagd ?dditfoﬁﬁ'uffomﬁﬁ&?nd' ng on

the detail ed characteristics the security tags in use. Depending on the
det ai | ed desi gihisftypetof progessiop, WIthh@t trapsrusseubihack toiaglatabasesknadate fromithsi t i ng

automatic acti Yﬁs‘hbQanée%%feﬂéatmEQreﬂggﬁ%%fﬂfg,ﬂn%ﬁ.m medi a. _19- Preferably,

sufficient information’ nay be store menory f the RFID tag itself
that the interrogation source need not transmt that information to the LAV

software, and canl t ria i on syste
directly. This ng n&ag ualngu- [ngi“% #B 6Vig?n§]?e§rﬁ 3”'3?%%0%"2 {)necause
f( ewer steps ar $r0‘c&qummeduthle@s de@aﬂhndbkhetl&&mem&ti&mlré]atw‘k‘:‘m&dﬂeﬁbcm.ﬂ‘hust he RFID
ag shoul d storgp n e ene but coul d
as noted above |'?1°é'|gu f”ﬁ?ﬁ FRHARY beﬁ%‘r%cr’:f‘ﬁﬁn? ‘H’opt"i‘ﬂ%g ‘\%é‘:aB?erﬁ ybeni ng,

wi t hout t r ansmitlssiancode dubkd it proﬁerd@bﬂb@&&aﬁcﬁ@&fa&keyiﬁmﬂnhea b&dK Havilgeh ce, is
referred to her ‘rea e of a

vt ce such as RERLHER SRR fag Ty PPotdns] itk B8Rk R Pne Ap bt bl i ¢
| ess dependencewmautttﬁaiered o dadfitligttalighingraghta! witkea scanden eTHiadvartage BAREID al t hough
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rOCeSse tical code sc nner onIy when

the bar code | &KEMS °§¥'p‘i"8 f'?@? ﬁt"f‘%ﬁ’é&"‘g‘rﬁs‘?’@’aﬁﬂﬂisé“ Tﬂf's‘fi?féb $t%fner,
book having an sa'iigs Bripa@omdrang bk Ba The trag faRi” By PO SifTkleANGth Mférbntf r ont
cover either up or down, and

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 itém, 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



w thout the need to carefully aligning a | abel wth a scanner. This"
advant age of RFID systens over conventional optical and bar code systens
results in considerable tine savings for patrons and library staff The
"read range" may be different with different scanners, tags, and other
conponents, but it is believed that a regd range of approximately 15
centineters (6 inches) would be satisfactory. To facilitate reliable RED
scanni ng, ho y r various
Toms ot ¢ hav ks st TRE, GRRUGABHRAL InPRRAILAD AR ot 1R AL
exanpl e, RFI Bkillamthe apgr ovi ded on |ibrary books might all be positioned 2

I nches above the bottom of the ( book. The benefits of the inventive RFID
devi ce are nunerous and significant, and include having only a single

station at whicB to i dusddfRFID DRSO Miliplcitdnsdesensi tize library
materials, the elim i on, of o or training on and erfornance of
different magnet H‘&ﬁ’f’b‘?‘?”&'ﬁ@f%{i ﬁglbs‘}evﬁcﬁﬁrﬂé"a@é@’ ‘ﬁrpé‘?,@éss’l“ﬁ@’ SIS e to the
reduction of tipiel S¥hih HFig@NO.t WAERAsScoRVeRBE ddvitedIRving QA9 opitlalbas ¥sdees, and
decreased |ikel [ hood of repetitive stress injury to operators. Another
benefit is t§6anngrs %pfpeéwﬂywne@:w Peesonted 4o the hancode scannep g one Hige, & ode,
especi al |y f gropstGisms RRing FED cRAetS B HOLELed WeeidHE sittkdudy: AR | 1

ca ar co

| arge part b se the us nee not oca e an I gn”a e.. Lastly,
t he system almay beuashlareubmhwmmldmée REDHinsgofREoDsquseed éresders) mountpdivtoed t o cost

| ess than hi 0 e N benefits
and advant agg’g tgmee‘ﬁ%ﬁna% ﬁmrﬁgﬂ% S'%% S%‘?dgﬁf;lﬁ]r?{d%lr HII{]%%&SS% geg%ge of RFID
Device with Mcht:dq:ﬂuﬁcdtmealgontmmt Tiigs capahile gteathf redures¥hk Bmeleaquiced fos t he ability
(b process nq%t}f tegg:@m @qe“ time, as shown in Figure 10. Wereas
conventi onal “dev ﬁ (o P %ﬁlcal bar code scanners can process only
a single itenlpresented to the bar code scanner at one tine, a group of
items having RFID nt s cessed essenti al | nul t aneously. This
may be achieved b OWK&E%‘”'}%}?#%I‘% pﬂ%‘?rﬁﬁ'ﬂi’?é’ﬁ”éj%f’t ?Q?Ff‘“é’bﬁ'?'c‘és (r eaders)

mount ed i n Orinappfoptilie fétvé 6€molof b¥rolR¥f MetedalSheit@ pPodeisad) thduRerde My D r eader

t hat possesses the lti-, itemidentification algorithns his capability
greatly redu(j’és" ?%@%.W*#éﬁ%@&*%? USEF [EABTSHPS §tta§f"Fa“t"6fsﬁ HEEE myl tiple

i tems. 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 materials appropriately, and can prompt the user if he or she has
not, as shown in Figure 12. In another embodiment, the device includes one area for
processing media of one type (books and magazines, for example), and a separate area
( for processing media of another type (video and audio tapes, for example). The proper

magnetization operation may then be reliably performed as to each 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



To avoi d having the device performa magneti zation operation that is

i nappropriate for one or nore of a group of materials being processed, the
device may be adapted to provide a nessage to the user requesting that al
materials of a certain kind (books and nmagazi nes, for exanple) be presented
together, followed by all materials of amether kind (video and audi o tapes,
for exanple). The RFID reader can determne fromthe information obtained
from i ndi vi duahy)RfikdAGHEITE R a\m@mlﬂ@d ‘AfiRrarisS8d MeASd 5 IheeOmicaiDdidtBonrat eri al s
appropri ately, and can pronmpt the user if he or she has not, as shown in
Figure 12. In ah¥piigle @ﬂ%@auamfpm t Which iasggneg Hb‘lhﬁéfé@"‘??rﬂf therpsggetor
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stack of ot her magrieic beabifity efepfehts adsodibRédPwIOREH-RIIDtRdgSd fdtiCardBt debdli¢dtedle t hose
described in U S Patent Applijcation Serial Nunber 09/ 058, 585 (Bel ka et -21-

"), filed prthoww tegiso s ehirged|ouhilo-apealicaatien. akie dewiceiay Pgsest he

tical Detect jiRiem@hndyldlptddelefnihddimba bdtefb RivE BEeMp resmécs&?vé ﬁerﬁsswrgned to
t he assignee of the present invention, the contents of

i ncor por at ed b§*ampled s 3Re MOPEPIAT Ingryststheidavise toprecesniy itPA% IOU@}émBﬁ@%"Ybas ed on

wei ght (in whi Gahh&di’ﬁnﬁﬂegtéﬁﬁ@ﬁénnﬁﬁ‘nA@@’ftﬁﬁJﬂnsﬁﬁyHa?ﬂa\}:ﬁ‘?he SFelboragth 98 the LAV
software the weight of the itens detected conpare It to the actual

wei ght of the pamepithe spg#vdent ed), or the number of magnetic el enents
detected (as described in U S. Patent No. 5,260,690 (Mann et al.), the
contents of which is incorporated by reference herein). Conparison of the
nunber of itens det/Aurgtke ephodiment ok Dverdiae deviegimdhe dhality tonteafy tecantantef by an
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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 1o a patron. The RFID tag on the case

(' may include the information as to the contents of the case, or that information may be

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

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

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



wi thout the itemalso being charged out to a specific patron. The device may
process the itens after a predeterm ned nunber of itens have been presented
(five itens, for exanple), or after an operator instructs the device to
process the itens, or automatically w thout any operator intervention. A
sui tabl e di splay may advi se the operatorl2as to the status of the operation.
Anot her embodi ment of the inventive device is the ability to verify the

content of a pac@.gf_sﬂo_mm'zmy_rmltl ple items inside, as shown in
Figure 11. For exalgggl @cr 0§%§phc1tﬁa% ?esnrﬁfcﬁtgg J%ﬁé%ﬁcbgﬁ% eler b(i)yget her

I nsi de a single case. I ns f those
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that information nmay be stored in the LAV software and accessed through the

i dentificati oW"hlﬁf‘Eﬁrﬂ%ﬁel%Weéﬁ‘f'% ndgse and giben frauIREMRKe thy Inventiye prtableqy ng the
ability 10 prRERSgevitelalvalhtfe KRAFIIR! Por smpma@r SBlARTDYliBA wibeed W th
whi ch material s may be checked into and out OF a library. The device may be
adapt ed to trdgsemhed figh intermsof thgir sompensals andpperreion. Avd sesprdiatemsgist em t o

process il ti plus bR Rye@Aled & HEAEHYS AN HcBoRiAY! § iShphRlm RARK f r om that

software i n response rta VI Ces. a nunber of
appl i cati ons, thﬂt the Sandieans paietbodsalepnribed lnbeciraarp equalibbpplicgblegd eolamryiblehand hel d,

RFI D devi ce. FIM(ES gri ﬁa REL Bng?bY\E ﬁ?métﬁ({cﬁ ?g&f%e% a%BYeSlﬁ?{fgrmc@go

%?elves blns es an rary n essentially searc mherever

it can be pomrtabtpriﬁﬂDdlcmeas ammm@ﬂytapplitthﬁe tbtpemshle RFID d;cviceqoélﬁlledxfiefem

I denti fying | i at-ane, W th vi.ce. These
and ot her fea u%téog'sg%imaﬁdsmlavﬁv%%w e"ﬁfﬁ'uf’ adotloé‘gh %%E“ew hﬁ%ﬁ@a aebl e

| i brary t ool . mborofienh upddite pérformpilut fialolien dhinlelhodevi ces wil | be described first
in terms of their conponents and operation, and second in ternms of various
useful functions for or methods of using such devices. It is inportant to
note that the functions orCﬁiaﬁdmeﬁhsaﬁkeegrétbedThehﬁHrheHm?mqmelq,ft}&ppl i cabl e
to non-portab uncti ons _or nethods descri bed

above in ref ePrgﬁe(?EF nf/@nﬂaﬂreﬁzra%ly mcludes ar?ﬁ]‘ Ib reader and wniter, memory , a pow

source, and software to enabie 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 Palm

Pilot. The portable computer may include an operating system, a touch-screen display,

N

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 uplbad 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



portable RFID devices are simlarly applicable to portable RFID devices. The
different functions and nethods have nerely been grouped together with the
type of RFID device nore often used to performthat function or nethod. 1.
Components and Operation The hand-held RFID device of the present invention
preferably includes an RFID reader and witer, nmemory , a power source, and
software to enable various functions of the types described herein. The

RFI D reader/wri coul d..consi s D r eader,
Tahof metar ed by eE SHeREE Rt HeeRe 8 Gowmiad ful foiomph . o F |
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user interfaces, a recharge station, a docking station to transfer dat a
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power supply. Sonme units may al so include a built-in peripheral such as a
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exanple, to upload 1temidentification information prior to perform ng a
gsarch to -23- - find those specrfrc itens. Another exanple would be to

wnl .Oad data foll p\rq‘bngsegln Ggr%cé I%IF %@VICBI de I%ned bomatto ﬁg?n\r/neung?lgﬁe 65%?% ow thin

the library. The |i S1°6NENt €
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such exarrpl e ichedk copaciheny wR b wmehasmnhém} sryeﬂ)eahtoﬁlrmﬁyph&kabmchnol ogi es
of Holtsville, Systens || Spectr.u w, mobi | & users to
wirelessly comhgy &81&8"@&%@3’#3%’5? h e&h&sé‘ggﬁrqﬁgllgﬁc@i' ‘g g’é’r"ﬁéf@ff ks. For
thi s operati onbetiegrateintd the ufiit br sspirhted.y Whedskpayate, rictaube desigredrinvaii@at i on

conponent to s L\'?Pag)rg rirtrch}%nrgeals G P vearable” 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 wom 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



comuni cation, such as Synbol's LA 2400 Wreless LAN PC Card. C 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 anong various search nodes and entering data specific
to a task (for exanple, to check out a4item or to put an item-on hold).
Feedback to the user is preferably provided through a conbination of sound,
lights and a dhaﬁoaqecteﬂfln@trﬂidsalimgysm‘nytoai;il&harand/beddwmcagﬁ:&bxe:dnibmta@ the unit or
separ at ed. V\hﬁ\g S rat |t can be designed in various ways, including as
a "wearabl e" 'E@ can be easily viewed by the user. A particularly
useful enbodi rrent of the hand-hel d RFID device is as follows. A hand-held
RFI D device is prOV| deﬂ_§ n which the RFID reader, .user_interface, power
source, antenna, erFIQrﬁ&V'ﬁ‘b‘faP\%‘?r@ga‘reéméFdIe“‘bFY BEDriagesditemssi ngl e

integrat ed Univfaene@e‘? itlis RBONEY Withif kAPE &F tletenkY 1M§h‘rﬂ@en@aﬁﬁ%nhﬁ}l fe comput er such
as the Palm Pil ot described above, a nunber of real-tine functions of the
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function of many factors, but is expected to be bet ween 15 and 45
centineters (Ig'elgpﬁpei\geen 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.

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.



i nches) given current technology and the likely frequencies at which the
systemwould operate. In sone applications, it may be desirable to restrict
the operating range of the device so that it only interrogates RFID tags
associated wth itens at a closer range. In other cases, the |ongest

avai |l abl e range of operation will be desigysed. In other applications, it may
be preferred to restrict the output power (and thus the reading range) to
perm t |onger contifyg nm%ﬁaﬂegmﬁmm@ms AL AN sOBRkss mTIP:Fh 15&%9 range
will. also be influenced by t esign o antenna as we as t

ori entati on of Ferrrxampig,the @pgrceuceulébti pregrammed avith spesificanfotmatighidentifying
appreciated th i en
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present invent mmrarfga.caiys&nhﬁnwﬁk@ﬂm%gq%sQttn&eméetﬁm@b&aﬁ)w th a
separat e database such features_are desired. 2. Functions, Mthods, and

plications. e Bberl bveraneieounde By dawplpadingshpseanising iiepidantifishiacthp be
used for a nunpgjy.Hefd Jewe@we%amtdm.mgﬁhe a85ke Y RRML G AP feedbA& WREKND t he
foll owi ng. -25- The inventive handhe d RFID device has particul ar useful ness
initemlocati 6#5‘“55?'“&@&?&5@@’3 the device could be programmed 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 location in Mféhqﬁamwéq 'éilcbleﬁ?ﬁ!ﬂﬂ@@rs thapgavernot cifeytatadior beenyisesk withigg

exanpl e, itens Qm, & s.ﬁqﬂe R¥nddrlR o?ﬁmoEeeﬁeQﬁsr uﬂ%%?(mpidgd
conpar ed, usi n% st an e routi nes known to ose S in the
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device would t nﬁﬂtaﬁfeﬁ ﬁfr@ctly 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 2 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 librafy 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



one or nore visual, audio, tactile, or other signals indicating the presénce
of the item One application for this function includes |ocating itens that
are believed to be mssing. Alibrary typically nmaintains a list of m ssing
itens - those itens that are expected to be in the library, but cannot be
found. By downl oadi ng those mssing itempgdentifiers to the hand-held

devi ce, the operator can pass the device by itens and obtain feedback when a

M ssing item igevieNENA &S R Aise DURBHInE¥AWRE thel IFID Qe OCREibd HFRe,t Nat have
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searching. Al t,,@ Us\lt¥ne dable Circul ation counts can be maintained directly
on the nenory o %es RFI p[% tag. In this case, the hand-hel d device does not
need to downl oad any data from anot her conmputer system The hand-held

devi oo only COMPAr Gfe RED: LRI et W eRBhABH 305 T Gk |0k B0 fhar OV dos

feedback to the operator cte ar anet er exanpl e
of wher e dat a of anatelpels @h & lskalf. dowind ro:aideﬂﬂeﬂemmasdamhdamysscbaearmbtasewsaf t he
hand- hel d or opt ai Egddﬂg’l itens in the

romthe RFID t te
T brary that HAUS AGtoick ik kb pad Wastipcte B opub R etk B 1" cout o
be obtai ned ahdvddiethedomedt @ddbedAS @pithe bam&bﬂaehaeﬁwmeehmﬁngtmnﬂﬂ D tag
could mai ntain tlont0|nd|c check-in status of an
item When thé's?a«qiryﬁgofa%a%?fo‘ 9S“I'?{bhelf‘&ts%aé'"'im’c’é%@?;wg?fﬁ %'a't"h‘i?j We hand- hel d
devi ce does nqjecmdrdanmilﬂfy@ftb.cgmsa&derexﬁcﬁm%r gk hARAERe bRePeDthar M t he
search. A natural El i cation of obtaining matchi ng{e data directly fromthe

I?FI Dtag is td"‘qﬂdﬂf’ét" sqryngnas detelrungdbiosagh biyayi e @psile | i brary  buil dings or
to different library systens. For this application, the owning library is
preferably encoded onto the RFID t and t he hand- heI d device alerts the

operator when an Ropther mghod 94?“&‘3'{9‘%?3 ghell pforgatiphig 19 pspciate eaghyiem with a

encount er ed. Tmna.anﬂ]eh%cquaﬁlc& ae%@spéémwo?@s geawaﬂas@mmmbﬁdegﬁ&d Fop deternine,

as with the RFID device describ above, her al nmbers of a set of
associ at ed i t E¥tMpif.c gepesalshell loé*lj’ét' Féght maisdwlt mdvhélcvesp@?s "immarepeRfc on- t ape

case. The RF Mﬁ\swsn%gmB@»R{]m&n'qﬁa}g #g‘ge&ﬁu'ﬂ %Ip?&exl?@d used to verify

the order of materials on a s evice I's scanned
across one or embpdimepinthe shelf location for an item is encoded dlrectly 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

e 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



itenms. The device reads each itemand indicates, to the operator, which
itenms 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 algorithnms include: Dewey Decinal order, Library of
Congress order, and Author last nane/Titlg_order. O her nethods of sorting,
as determ ned by each library, are possible. Another nethod of establishing
shel 1 nf or Mt bindr SmbuiRER Ak MrSry PAER "IdRiBthdsllofthe bRARL bi0fiher Mitidns

| ocations can be as specific or as general as the library desires. For

exanpl e, a gené&y bd sexrbkadf Thesededaten tagsging fiisireadiyetheband-held dbviceRpdndicate titles. "
A nore specifi | j ] " -Flchi - AB."
In the preferrghat &g?ﬁgéﬂitﬁ%ﬁ{ {GQ‘??@L @ﬁélloﬁge 1%@%?‘%%%@%? Ia'gﬂeﬁt?glﬁn&ﬁaséevﬁ@‘)ded
directly in thenRmalRhteagursrenory for that item An indexing systemnmay al so
be used to save nenory, so that a short code nunber is used to indicate a
shel f location. For exanple, the nunber | could represent Adult Fiction,

t he nunmber 2 coul d mhapstgantboditiéanibe Garfd-ield RKIFID danick moy @rused tocentendmaint  of
menory needed to §|t 8re al |l shel f Iocaf(;jbzgarﬁ depends bon.lﬁ)he nurrb%lr of
| ocations wi t hifie BeApyceas o 2 EEfiRuem™.o FRTRtIon aY06 BT APATHEY desi red

shel f :‘OCﬁti Onimrﬁ?ﬂ%lﬁadd&dﬁﬁdfy}dod&&ﬁbﬁﬁ@vﬁﬂﬁ o}% lgeﬂbammh_ i&sd\y;s@b@sambmmﬂ ons as
part of the transfe ata to the hand-held device. nitens are -
associ ated wi tﬂe}%{ﬁ%ﬂ?ﬂ{ dqvise & Teeanecty ‘%F‘tdﬂgﬁ‘"grfé‘i“ﬁ%éf‘daf’r?w@?gft‘I‘?é‘“?%ﬁé‘l'%t or can
use the hand- hgd fle HAVI RAWhR, FOCah@ple! R alib@takdt Elit}rﬂg%ﬂedﬁ’l’f?&lﬁit}. ocation.

}l\o processi ng nmet hods can be used to determ ne which shelf |ocation is

u

urrently bei IRgaiAnOBBYEE @AY Hipel ey Hatyrefitbhariide injortedangiheld BER- mat chi ng
jocations. 1N Qe BIBRAN MRHformlalloh £OALEEher3h hd vk PR LARISyalRY Bed DY

readi ng several RFID tags and heuristically processi ngAtﬁe data 1o infer a
| ocati on. For 6&3V&nYIE eperatpr ipgtofE aple feindicue thegmedigpcdpandanmedigtaly@® of tags

that are indexgghdsQt thhfaithgdhiil Helof tHeQBn 6@ an LA Qﬁwsrea(s%men%anprogrammd to
alert the user when non-Adult Fiction itens are encountered. |In -27- another

enbodi ment, the library places "location tags" on the shelves or other

locations to be seghenfdihed da28ineRC el HARU-hADFevRE Eorlid 5@&3(&@ Eg;&lo e the

hand-hel d device to i'ndicate that subsequent itens read st belong to
that | ocation additicanl infoapation sbqyi peniedifiel itot ence the itemshiea besn obtaingd end its

RFID tag scanned by the RFID device. For example, library staff may collect matenals
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 matenial
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 fram 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 matenais were used. Alternatively, if items used in the hbrary are first
placed on a book cart, for example, the hand-held device could make a single pass by the
items on the cart to record them. The functions described in this paragraph are referred

to herein as “sweeping.”



I n anot her enbodi nent, the hand-held RFI.D device may be used to enter data
into the device as to a specific item That information may be either
transmtted immediately and directly to the LAV software, or may be
transmtted subsequently when the hand-held device is reconnected to a
docki ng station and downl oads the inforr&tion to the LAV software. For

exanpl e, when a user takes a I|i brar‘\{Emat erial fromits location, the user
may i nput the new Ehedepefitoaf adied-beld REIDdevice aretymedonn anhurlydethe ahilizig ce.

Because this BhQReR! kR JILRY sRPahibfil (lmbiitA:d BRiky MoPaliRbE Fugat ual |y,
it saves the operator tine to be apl & to indicate this state directly and

i medi at el y afomatsmegbeiabilsy teaiget ahage Unotdesiref gerpquiskly anhihemeamens itams LAV

sof tware syst t 1 . (i J. - devi ce
coul d be usedﬁ'{g})e cgésglyi@%lémtggﬁ?(? f'gﬁ%%t’ Fh%fa %’?ﬁﬁ?ﬂ%‘ﬁﬁ%’gﬁ f{)gc@%g%fﬂ?ﬁéji tem once
the item has pwenseobf aiteradlostnubticheckedit, BnarciingspeaifivadrcbigtidnhaluB¥-e.)devi ce. For

exanple, library,staff collect materi,als, that. have been us in the
library, and %'Ej\elltﬁe ?tﬁlgggo N r‘feﬂséﬁaéPTEH@?'SQCB’C%B‘EJ;P%C%rt%‘heioﬁ?rﬁtroﬁg&’l on about
that materi al cqrvdeplobaimh farhkciead. Thiswsbid ikthide @bhemhahdmy tibelobg@nheised) or to
provi de infornafion tp a datagehsqe ﬂ{rhat enerates .statistical profiles of
library mat er Falectiqadsipe scagped,Qihsr adyppiagssnpiude, eé‘?'ﬁ‘ﬁlt?/e’ftﬁré@saf SRFI D tags of

the itens as Hhayy Micthe bald IRURE vhe® Mhd e Madibd) U JoDERboligtfyian itkde | i brary
at which they were used. As itens, are collected, the operator can al so

i ndi cat e fr omMiRRH 82RRS0jsEadRDanERde Op Y ther Matkynes &N dheriieRigSuch ALRMROT) | st of

| ocations, entigé imdGaRnbiter ah®ihe GRIAEG 18 BetéfRidiiNDgiden itepf@bdiWhBleldRaTag” that is
(((s‘som ated with that location and would preferably be affixed to or near
that | ocat i onshelfron & Fhrary Gary, in 2 bja, qrjajable 9r eveninf mle” Zhyse andptlss pdyantagesdi t i onal
informati on agile WPEER 1b thold & skiliih@ky such materials were used.
Alternatively, if itenms used in the library are first placed on a book
cart, for exanple, the hand-held device could make a single pass by the
tems on the cart fand SERE hokftRlnerRCpd ALk RRard SRRMPREodlke Ul frePar agr aph
are referred to herein as "sweeping."” -28- The benefits of a hand-held RFID
devi ce are nukepoigsited£auld by Ehrary anatanals finghpding books, pededicalsi megnsticasraptiepi ckl y
and accur at el . . i -y items,
fhe abi 11ty t oeASaRaURNL of SR SbuRF o Ratd bl IREaldial pkh & pakkidlh || BT
nmore closely letetsoppintiags, elestionic devicasr animals, attemeliies, ibioyclesp ovany oRleyiténient i f y
i tens mat chi NGe Rilue
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given set of criteria (lost, not checked out, matching specific circul ation
val ues, etc.), and the ability to identify itens that are m s-shel ved and
indicate, to the operator, the correct location for the itens. This would
include itens that don't belong in the «collection being scanned. O her
advant ages include the ability to ente&d9-transactions directly into the
hand-hel d unit when itens are |ocated, the ability to identify an item

wi t hout having to scan a bar code or any other markings on the item such as
author, title and call nunber, and the ability to determne if a given item
is sonewhere on a shelf, on alibrary cart, in a bin, on a table or even in
a pile. Torsmsand ot her advantages w |l be apparent to those of skill in
the art. In the clains appended hereto, persons of ordi nary skill will
recogni ze thatt e cl ing
books, peri odi car(ﬁ mn%jégtg‘ltl%ecﬁg&ﬁ&eg&%%ﬁe&?h“’ > e%kgﬁléhg?agﬁa d be
ot her con%b&[ﬁ@élmmlaggoeﬁtdmhaemhscmi@s packages Ietters pai ntings,

el ectroni c devices, animals, autonobiles, bicycles, or any other items of
value. -29- O ai & Bn RiADRmiqyagatiowe sovren fq@n@t@@ggatmg andenbiainiagiinfgrmaticF| D

el ement el enent agsociated therew th, conprising:
(a) an Wﬁ@%ﬁ%ﬁ%ﬁkﬂ%ﬁ%ﬁ@%ﬁﬁ?s&nﬁ&m@ ogating and obtai ning information
fromthe RFID el gppnt rfaBadtidaflent dybless fan pbirsiMingNth QBﬂroﬁnﬁ@%ﬁéﬂ&éﬁﬁd}ﬁ
system for perforning an appropriate nagnetizatfon operation on the

magnet i ¢ epecatiant gn teemagnetic secuwdp elesent m tdsporisd datthe ideatificution nhformatioron

obt ai ned framcﬁig_ Iﬁ B‘ﬁ]b nt 2. The RFID device of claim1, wherein the
devi ce de?tRFHFhEEm e PS4t e magneti zation operation directly in
response to information obtained fromand contained wthin the RFID el enent
itself. 3. The RFID device of claim1l, wherein the device determ nes the

appropriate nRagridei REH) deviopef ataimnl , aflteesin tthe deviEo demtmings tiet gipngdiate om t he

RFI D el ement has, been l‘ﬁar ed to |nformat| on in &mdat abase separate from
the RFI D BREIRIARLOMOPERMONEIrestiy dy response tepfoRmation oifaingd Fophandjeaptaiaed s

adapted tQ:f QKL REI3 Yement 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.

5. 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 comprises 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.



indication that an itemis a specific type of item 5. The RFID device of
claim?2, wherein the device is adapted to performno nmagnetization
operation in response to the information obtained fromthe RFID el enent. 6.
The RFID device of claim1l, wherein the device further conprises an opti cal
bar code scanner. 7. The RFID device o$0-claim 6, in which information

obt ai ned by the optical bar code scanner may be witten to an RFID tag to
be associated with the item 8. The RFID device of claim1, wherein the
device further conprises a conmputer. -30- 9. The RFID device of claimS8,
wherein the conputer is adapted to operate |library automati on vendor
software for nanaphd RFDeddvi@VoOtlalR e Widsini e CoalprltedUl ahped thidpestty. 10.
The RFID device of claim1l, wherein the RFID interrogation 'source

i nt er r ogaliesryamdombtien MendonSoftwarei fonmahaging theeflRFloDnsitaimninte egdodl efss  of
the orientation of the RFID elenent relative to the interrogation source.
11. A net Ad87%f perform ng a nagneti zation operation on a magnetic security
el ement associated with an item conprising the steps of: (a) interrogating
an RFID el enent associated with that itemto obtain information; (b) using
t he i nformati oh0.t oTHet RFID rdevickeof ylaémol, mtherimithtt RFILE hintetregdRfenDsowrte nent

is associated; and (c) performng an appropriate nmagnetjzation operation on
t he magnetTosaiee &Pig Pi?taét}séﬂgﬁﬁfﬂ’aﬁ%g??“b etfﬁ‘ngc %ﬁ‘é‘e@iﬂe&%@]@?ﬁ of theorintahensh i t
i s associ ; o] [55& %ﬁ% i ein the item conprises
magnet i caﬁ@gﬁg(%%reéee t@ [ aﬁogﬁ%ﬁ%%ﬁ%%l}lse%%ti on operation is the
application of a magnetic field to the nagnetic security elenent that is
sufficient to activate or deactivate the element wthout danmage to the
magnet i cal | y- r ébord@fthadiphperfgming e mesnstzation epezationion awpasnetie sedveity
appr opri ale, IRANELE 788 AR ARERELbABliRe i \§eftence of magnetization.
(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
(¢) 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-recorded media.

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

the absence of magnetization.





