-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 nunber 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 werje assigned to the assignee of the
present invention, and the contents of both of which are incorporated by
ref erence herein. 10 TECH i i to applications
for radio frequency |den Ftﬁheﬁéﬂ§¥]ﬂggg?gﬁchgaﬁNggiticularly to the
use of such systems in I|braf|m;ENiipﬂagmﬁﬁﬁumpscﬁhIﬂE | NVENTI ON El ectronic
article surveillance ("EAS') systens detect the presence of snal

el ectroni c devices placed on or in an article or carried by a person of
interest, and a i  or library environnents to deter
theft or other INCORPORRT e Ia% articles. These devic whi ch are
commonl y khown as taﬂssmewwdk@MEChmavémﬂwﬁpﬁéj%@P$§§P“é6H{%Wﬁ§d only

i nformation reg 9BCRP% R e ko Trie, B 6.5 BfpRéaB deal)  coul d be
obt ai ned by elec/?%ﬂggaﬁﬁig&§§erro at:tnges t%g eltﬂgr intermitt £tly or

conti nuousl y. Ahurh@aﬁﬂmfblﬁlﬁ fdhds’vmer?@tl%%’méé “@fsaf'EAﬁe»s%?&‘écrYﬁ“ché{‘i?@ 2% ed over
the years, Dbas ot wlldh aremagnet i c,
magnet onechani cgcf thQstgﬂé@ &p{ gghégmynggg)ﬁdq%négﬁ%“gﬂt{/\ave O these four,
magnet i c systerrmctam@tqdrbmmfﬂﬂ@dehw 25 highest |evel of security in most
applicatiqps. Magnetic tags are easily hidden in or on an object,

difficult to detect (because they are | ess susceptible to shielding,

bendi ng, and pIEEIMEALFID easy to deactivate and reactivate, thereby
provi ding a high degﬁﬁan&éimonsfa&wtbtayphaamnﬁ@rrmdlb REQEMRidemficitRg ®EIDNG t he
status of the tagged article. 30 Many users of Eﬁs systens desire to know
more than just whetHefdpaRtigud th&BT"é’éf“"f‘é}’S’ﬁP‘ég‘ B1%They al so want to know
whi ch tagged object is present, for exanple Detail ed information
regardi ng the characterlstlcs f such as their date of
manuf act urld, i nBAEEFROUNDQ have generally been communi cat ed
to Electronic art:cle surveillance (“EAS”) systems detect the presence of small

electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter theft or other unauthorized removal
of articles. These devices, which are commonly known as tags or markers, have in the
20 past contained only information regarding the presence of an item. This information
could be obtained by electronically interrogating the tag, either intermittently or
continuously. At least four distinct types of EAS systems have evolved over the years,
based on how this interrogation was carried out: magnetic, magnetomechanical, radio
frequency (RF), and microwave. Of these four, magnetic systems have provided the
25 highest level of security in most applications. Magnetic tags are easily hidden in or on
an object, difficult to detect (because they are less susceptible to shielding, bending, and
pressure), and easy to deactivate and reactivate, thereby providing a high degree of

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

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

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



aut omat ed handling and control systens through an optical bar code. Wile

i nexpensive and effective, the optical bar code system has certain
limtations. Bar codes nust be visible, which limts the locations in

whi ch they may be placed, and bar codes can easily be obscured, either
accidentally or intentionally. The rande at which a detector can sense the
bar code is also conparatively small. The bar code may al so have to be
appropri at ehjoRest hirditgarfiaongs tseottis orougdl m@ptited barsede. PhiledperPsnsiee of t en

exposed to permt detection, the barcode i.s,.suscepti bl ge that can
result in d@tdé'cffeFBYFag‘FQPﬁ'i??gaé.w%a\sﬁ[? &‘Srﬁﬁf‘?‘f‘ Bf‘gafot"grrﬁsgr?gg S(?Tll)lg@lmg)graocessed one

at a tine. EF‘EQ?wﬁEﬁ'ﬁﬁlﬁﬁh_@ﬁ&atﬁﬁns inbﬂﬁchQQ%ﬂn@ytﬁ:tpﬁm‘E,ﬁﬂd(@rtthwmw rabl e or
inefficient tTor sone applications, such as_narKki ng A brarc:{%rnedl a. Mre

recently, ebechscondeitheranciisitadiier Brnyerly RKdHse Vg 19Ut Rncy
dent! 11 cat Lan. . b S ist BB PR e DR AP elo hiveadg ess the

limtations™0 i cal "barco systens have succeeded in providing
obj ect i denspgrbpradiélpposainded for dekdting, Alsaitbeeause ks Epder aORERMSIPERF i ng obj ect
security because, nost RFI.D systens._ . i JUERGYddiangres (--] MHa
and above) Pﬂ"%‘i‘eé‘?‘f“?’hg'etbéﬁcoiﬁglsé‘ésg?qt'ﬁggé?sergat%&aiEr‘ﬁe security deficiency
associ at ed wilbfesr 269, rhilgpldaaaymiagspratésseonbecainse Thiecopsraimeo " shi el ded”

by, for exanple, covering the tag wth a hand.or al um. foil,.or even

pl aci ng thebﬁdﬁﬂFﬁW§”56@%?”EV@Hﬁ%ﬁp$%?V9 V%$gﬁs?%%ﬂ%h gg&h%ﬁ%fmtags may be
bl ocked,  alfReMPibchd@letiar ange is superior and bl ocking woul d be nore
difficult. Thus, objects tagged with an RFIJD tag nay escape detection,
either inadvertently or intentionally. This greatly reduces their

effectiveness as I\/ﬁﬂg%&rﬁbﬁ, X058 SrenttRch iRk K B oSvnads Caded Baquercgl ated to "smart
cards." Both contact and contactl ess snmart cards have hgﬁ){gjear ed i.n

conmerci al adsplificativn onF IDSneghidees hars beavievelopepdo addsess thadBialeP K & speci fi ¢

person ratheg,. Fﬂ@o&&iﬂhé sgﬁggﬁ&lvé)m@e%&ed ih SRMRglBleatiaghifi@iibhendecurity
and tracking of e smart card (or of the person carr%qurﬂg |ﬂt§ are simlar

to those di smussgdubiyedeficiant inRRIVEingenbiest ecurty Becaisse Mosh  associ at ed

wth RFID mpkers, L h At (2 iombin @seatfoadiiil Whkh tHe taganyRIMeddkidd EBe i n t he
art of radior rr?l{eeq'ﬂgﬁ@'f- )gpr? rsﬁ(crovvave- bgg{ev& EAS ta Substaptial effort

S.
- has been expenuieydéfinicadytassnstatedothrabfigauenry "tﬁéiai’?,‘ﬁsg%?sééhedf“? di o

frequency- and ni6r - e ‘@e@ 12D withiQWeNESr alk@Ren RASorsbst anti al |y
i nproved thgr?lg%)(grbg}g?}rgxﬁté@&ago seculri tg“ftlags.. U.rS. Pat ent 17, 195

51
(Nar | ow et allacing theitap inl @bok" Byer baR e paeitef rEST TR NiAEH "Béglg{"i"% ion Coil,"
describes a aﬂHgtljghftflcaeir lﬂl?élacly superior and blocking would be more difficult. Thus, objects

tagged with an RFID tag may escape detection, gither 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 abave for RFID markers.

The security issues associated with RFID markers are similar to those farmiiiar 10
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



-3 mcrowave EAS tag that includes an antenna circuit having a diode, and a
deactivation circuit. The deactivation circuit responds to a | ow energy
alternating nagnetic field by inducing a voltage in the diode of the
antenna circuit so as to disable the diode and the antenna, thereby
deactivating the tag. Although useful for;.some applications, the
capacitor-based tag disclosed in Narlow et al. may | eak electrical charge
over time, which cou - CRMBviaCE diva! a@ aweioivaiohi onal | y.
Radi o frequencym’g&’ af’%&lﬁgj‘%§%gﬁlt§h&é&§d§%§gagi{e§%aﬁgsed iﬁg:u S.. Pat ent . 4,745, 401
(Mont ean et al . dircincThedieactivavaypiestit cesrondsig oW CPRFEY AERTHRETR BABIFEHS Y al ter s
the tuning of {h cintg%gmwiggﬂlthe{}digb%%fﬁl@gﬂeﬁh‘ﬂ;e@.@Ld’asﬁ@-&%kltﬂeﬁﬂo&)&ncﬂﬂhe accessory
device, and thereby~blocks the radio frequency response af the tag.

Al t hough t hese smagsa hizevedy deagtiseting the tag. | Alhoyeh usefidyor same FRPIHEOROP® aqdr ess t he
i ssues of enhanced. secur| i d il Rfdo LGRTaPRak dRRGICA chdrfivendye,
identification aggﬂtﬁgﬁ%%dy&%g%ﬂ%%én devel opefby .a nunber of conpanies,

i ncl udi ng Mot or ehiah towitadaase thedes tobgompagtwpied WinwsEels 378, 880 and

5, 565, 846), Texas Instrunents (see U S. Patent Nunbers 5,347,280 and

5,541,604), Mkronl Philips Sem conductors, Single Chi st see U. S
Patent Nunbers 4, 4Bxde0rquessysS ogpf t@,tm@ﬁ@%? l“é{-%é’é&?‘%- 4?%54@, 407, 851),

CSIR (see Europ mﬂigﬁac& Rl Q4 TholdaphRic RmB2I&Bihe AlningOf 598 624
Al; and 0 615 2§QQ%§§?FH$§B%IE?S% .tSe Pat ent Nt%ﬁn%zfﬁ 5 5233?‘%9@%‘5 50, 547,

5,521, 601; and Sea@owiend)has beprsuitabbarsnerged by SEPEEPIYAPES at ent

No. 5,625, 341). Eh?@@fr&@%{?éséon%&f@mﬁg, tARhouRk Ei¢ied s heventertiinetiity, fieg at i on
wi t hout the neeéhfor a battery. They operate at .dfr. uenci es ranging from
125 KHz to 2. 45 stge ml'h@“‘%%\hél““ﬁ%ﬂfﬁ'@ﬁ%ﬁ sy apd iden %g“mkHz) are noderately
resistant to shielding, but have only Ilimted radio frequency

functionality due to bandw dth constraints. In particul SestLens based on
these markers gerfadigegugpeipsrticapa) ﬁeg‘ﬁ%’]w&ﬁﬁ ve'\g\%éﬁo%usb%aﬁle Tag is in the

i nterrogation zQg@paesancliding®™otcFbieyndalk §se USnRhtdnoNiebere], W8i%§@ R34 bul ky and
expensi ve to manuf act ure. hi ghe f i ( § ls\s4180hH6 MHz, 915
Mz, and 2.45 G°3¢ e?%ﬁsétéﬁmglg‘hﬁ(ﬁfcdlg'ﬁ'eﬁ%\ggﬂng%fsgﬁ%égh%%&jmyjtt’ed@t he

devel opment of SyiktcPhiliphsenticosduatorsebingbClyip Prsteoe &se Hhl Patet Bumbeids in t he
interrogation zone.in., _ o] b. is51) s @l BurélrRed rable for
many product ap'gﬁzcsgz’%o‘%g'w%' %’ngdjdﬁ?ﬁ’%ggiﬁ%’gﬁn%s’g@tﬁé tag@desirféﬁs hol d t he
proni se of bei ngloctmdnatimbedsP 4phEMpENEisYE1 R InhiFAt Adra@d 874° threfBf ore nore

attractive to a BustONBE: pyent 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 Gz, The lower frequency tags ( ~125
KHz) are moderately resistant to shieiding, 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



However, these higher frequency devices share to varying degrees the
susceptibility to -4 shielding discussed earlier. Thus, they cannot provide
the high level of security denanded in certain applications, such as a

i brary Fromthe foregoing discussion, it should be clear that there are a
nunber of applications for RFIJD tags if various environnents in which the
identity of the tagged itemis inportant. For exanple, PCT Publication WO
99105660, PUblSRAERE LAY Hhus HOPS ARG ARSIENGG bR Shaclhei nt Syst ens,
Inc., describes an inventory systemusing articles wwth RFID tags. The
preferred erdondided mn catemapplisedonshweletsr ldomt enpl ates the ,ise of RFID tags
inlibrary materials, which nmay then be checked out autonatically by
interrogating the RFID tag to determne the identify of the material.
However, a nunfrem thoforégvpgrdisamsioorit deslt babke tﬂ)dtlﬂfc&r@reﬁ)murﬁbdnelf invent ory
functions re in. thjbdggﬁ not. descri bed or.sugﬁﬁﬁ{e%arn t.he

publ i cati on.? PPHLs RKADIGYE 899 RSP ¥ “A Hﬁﬁﬁhe‘@ﬁﬁ es to RFID
devi ces, i nGlewds MgpdnamdiFel ekalRpleDP OB YilieSion VRO G9.APRI0, patliisiRaFebhrySUCh

devi ces. The devi ces and aR plications may be used in connection with itens

that are assig8? andearsigpadrio SReqRPID YA§Ts dich BSPRIPEYRR IMXEP@IAHERBUSEE security
el ement . Thegley 'uﬁﬁ\SR}ﬁDQag%P%k Bé&‘én@ﬁ'%m%&?m@@é&&hﬁ%@@hc%ﬁ Bork@idisthar
reference to library materials such as books, periodicals, and nagnetic
and opti cal weof BFIDOegswin ibrapphitesials whish My thetbe gheeked ant ausreaticilybyar e al so

envi si oned. g@Fﬁa S v IS
described i nﬁglrr EE% etarl II%Y\A E}Ete%el?g@é@@JE@aghﬂa?ﬁhébé}F?gﬁbgg in
which |ike mjr‘mumrsmrmrﬁeesaehthbdank@ a@lter ingtrusre fitrlan gugdmoan thuhee setver al  vi ews,
and in whrcecn %y S e nﬂhgqéﬁrgmg&henatrc illustrations of radio
frequency i ent | %ﬁ%ﬁ ure 2" s a schematic of a second

enbodi ment of a radio frequency _identification tag; Figure 3 is a
schemati c to,-J tag; Figure 4 is a block diagram of an
RFI D i nt err oga ng with an RFID tag;

U G
The present invention relates to RFID dewvices, including handheld RFID dewices,

and applications for such devicee, 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 matenals 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 iliustrations of radio frequency identification
tags;

Figure 2 ts 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;



-5 Figures 5, 6, 7, and B are illustrations of conbination tags according
to the present invention; and Figures 9, 10, 11, 12, 13, and 14 are
illustrations of various enbodi nents of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The errbod;srrents of the present invention
descri bed herein make use of RFID tagS, and preferably of conbination

RFI D) magnetic security tags. Tags of this type .were djise in US

Appl i cation Seri @lguMesber7, 8] DS IIRRIORY ‘Pféﬂmgﬂﬁté’\?‘g?gsfg@&gﬁgﬁq%nti tled
"ldentification Tag Wth cEnhanced Security,” which was assigned to the

assi gnee of RIEREMIPEERNE Hhvention and was i ncor por at ed ref erepece into
the U.S.  applicaij,an of 10miwd,ah shéred prabenrticappl 7€ oSN priority. A
detail ed description _of the magnetic, RFID, and conbination tags used in
conj uncti on mpweteht ipYe8U@hbodi nents of the present invention is described in
Section 1, below, and the enbodinments of the present invention are then
set forth in detail in Section 11, be| Tags and El enents For Use Wth
Embodi nent s n‘sm@l&@@&@ﬁd@%@%ﬁmﬁg 45ed with the enbodi ments of the
invention describ %ei NoRfiGhis @Rtk FresddeinOition ﬂ'&yri?ﬁddd@rﬂpbl’d‘teels%@[ﬁ‘ﬂgbj ect
identification and effective s_ecurip\tFiDi n a single tgles_viT(;igs ofihe€¥pePref erably
incl ude an el/ggmnt piefeatbly of combpdivsiRFEFBREEEHEDT 'E5Y nt &r r ogat I on si gnal ,
and _an el ement, hAt Jis 1 eSpONSIKP sl Rukadioo/ohs expéhyuiat 8p¥oget | on

signal . In oMé&® e ent’, “the magnet i cal | y-responsive elemant al so

provi des t he .anfeNandiebtddibngr\el hafioed ey - FREDBALTVE €l 'ément . The term
"responsi ve" neans,_ jn the cont. £t Pk ntleiensesintoitnl). St hat t he

el ement pr oviageges o8 YT h "éer{ilﬁé(%nﬁqngts?%ﬁrpmoheﬁﬁgu? ected tq an .anpropriate
} nlt Ier r ogatl:) i oqp%ﬂc@(li&ll.ﬁoﬁhahicﬁ?ie\ﬂrdmlapiéihéwérﬂagnsaﬁ‘@" eg%fjtﬂfé Fir Et";‘g ow,

ol l owed by a descri pti of a condi LB jun@fonWitt thé eelamiBnappar ent ,
the enbodi mahs Bagsets, ﬁgﬂgr@géﬂ'{‘b'{““%}é%@% ltj)%garfagcgijri bed in Sectign I, below,
may include gj,d hiefen itvenRik B dedceibeeiin Sextionb belgr. BUBRBTHA TSN B ‘an RFTD
el ement and a nmagnetic secyrit l.e - - Magnetically - Responsive
El enent The rmgpltimEapqniare ﬂ?bé‘%g‘?r@é" g‘ﬁgbgrls@t‘ilo-sﬁhgrt)ef erably made of a |ow
coercive force, high perneability ferromagnetic material, such as the

material used[ ‘N trgis z?r;[dréigrﬁcn%so ocrI UtgnyWith Embodiments of the Present Invention

the invention described in Section IT, below,

A tag used with the embodiments of

. . L . .
may incorporate both object identification and effective security in a single device. They

. . . ool and
preferably include an element that is responsive to a magnetic interrogation signal,

: . . o e
an element that is responsive to a radio frequency interrogation signal. Ino

I ' e radio
embodiment, the magnetically-responsive element also provides the antenna for th

“ tve” i fthe
frequency-responsive element. The term “responsive means, in the context ©

TR . . {0 an
present invention, that the element provides intelligible information when subjected

appropnate interrogation field. The individual elements are described first below,

followed by a description of a combination tag. As will become apparent, the

i i i i 1 either
odiments of the present invention described in Section II, below, may include

a magnetic security

emb
an RFID element alone, or a combination of an RFID element and

element.

A, The Maggeticallv-ResDonsive Element

I 1 rce
The magnetically-responsive element is preferably made of a low coercive force,

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



-6 the M nnesota M ning and Manufacturing Conpany of St. Paul, M nnesota
(3M under the designation "TATTLE- TAPETM' brand strips. These strips, or
mar ker assenblies, are described in several patents assigned to 3M
including U S. Patent Nos. 5,331,313 (Koning) and 3,747,086 (Peterson),
the contents of which are incorporated-by reference herein. Exenplary |ow
coercive force, high perneability ferromagnetic materials include

per mal | oy (%Jmh,%&dta f&n aiddquamfa@mn@cgﬂﬂpmbfw PRNOGinAsBapdYsadeet al s such
as those avail able romLt | i edSi gnal Conpany of Morristown, NY under

t he desi gnaﬂhmlgﬂmngﬁééf Ti—fewl%fﬁ'd bied grias Téva%mpsméﬂﬁfker assemblies,
magneti cal | y- r 39%; |ﬁ/§ev§+ Nt 4 HCP?D mtﬂ [R@I at%%g% fn dgal status,

dependi ng o't ure e ar e Wt e elenent is
associ at ed. (Rening)eandrspla, Oaéeﬁdnamn) nef enencef hbloksrelmomomt@rhyesfmﬁ@ not to
be renoved fromthe |ib

stat u e vat abl e
mar ker woul d¢it §mPlﬁ'éhl%‘§err9Wefioﬁcérh’%}h%eﬁm%?bg T(mm%%‘am&n aﬂs ﬁ&&de )
interrogati %nﬁa@l@?{a Rh@omklidy) hﬂsmglspmmnaﬁacwﬁmﬁbdsmbrawmh mhmsm als or

commerci al goods, may require a dual t us. mar enb so that when
the articl e avakdlsdeam p é‘g&dﬁ&%"%r%’é‘?% Mﬁ@“ﬁﬁ’?bg{{ H‘i‘? rt?éJ %/{%'B’f Briately
deacti vat ed p& 1&&%’5@?%9@%@% hPaby the interrogation source. Dual status
functionality |s generally “provided through the addition of sections of

hi gher coercivity magnetic material in proximty to the |ow coercivity

magnetic materi alThFZr?ég&égl glb#g%@nwe@é%eﬂmamem&sm LRAS QN GRALERS,

i ncorporated by re nce Certai n magnetically-responsive el ements
have the abidependingonsid vatire whtneticts widrireehtthe ¢lonent BEs@FptehhB passed

through a | ow f rieqce%nl(r:#efg‘ c%c,eerbragﬂ Wbrﬁﬁ&(‘}? DCEIJl!aeerlexqjxp\(eéQronl_%e LLQaJJyOQ\dKHZ for
ané T% c

exanpl e), uce a eterm ne aracteristic response that may
be det ect ed thys ?t&h@llf ge b (nongiemwtsbldfmcakﬁdwglétab’rays MHigats wibeterispeh & unct i on of

be 3 t i f the high
orcive fo a§ %%‘isg&'mtﬁ'n an in er{%!moql zgxe &ﬁer%%§ 1@55 C% nﬁ;ﬁﬂ&ﬁgﬁ enen

coercive forbé’ er elenents. ese er elenents
are magnet i zedleridiher c@birderd;fy goofs, mnereqtanreleeiualt&tmmgﬂ&rla@ﬁaiﬂbly sowhat etheback and

ol terod. - and™ NOCRUPREPR PYRPATTPYIed esb Pl ralbe oL BARHEB, Tone 12
el ements ar Q)rd&:ﬁﬁgﬂﬁillbiBﬂ;hehmmmnMaDuEanDazgauamsIﬁmclﬁwhrynmng“uyt chi ng

function, enahli | nter.rogat i on squrce Lo ﬂ § the . RL§sence of the
mar ker. The HX%‘@B%?@" @"%@aﬁ‘e" ?%‘ PbE oY ?j ﬁreé'n ways, as is known
in the art. proximity to the Iow 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), anc.i to produce a predetermined charactenstic response
that may be detected by the receiving coils of a detector. The switching function of the
marker assembly is controlled by the magnetization state of the high coercive force
elements, or “keeper elements.” When these keeper elements are magnetized, the ability
of the marker to magnetically switch back and forth within the altenating 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.



-7 The marker assenbly may al so include adhesive on one or both sides
thereof, to enable the marker to be bonded to a book or other article. The
adhesive |l ayer(s) may be covered by a renovable |iner, to prevent adhesion
of the marker to an uni ntended surface prior to application to the intended
surface. These and other features of thé marker assenbly are described in
the U S. Patent Nos. 3,790,945 (Fearon), 5,083,112 (Pi?ltrovgkiéf and
5,331, 313 ( Koni nghhe radrkerisncoblponatakd ispde athepenieonsibbath set REER: fow
frequency nmagnetic el enents, of S I L £ - He) fayfHeom

det ecti on, tﬁ%@kﬁ@?mﬂ'e%$%58'ﬁ@%P&aE%%gﬁgﬁegna#%eTﬁg%%giﬁﬁég(?teﬁg when
security is ciJaRQilyantmovabledd] toippeuent dibssianay tsenadesace pveitiwendand

reactivated nore convenient|y, . conpletely, d repeat mar ker s
enpl oyi ng ot befacEAIrtaapRisHERilede ”HE e?tiué‘"%f%gﬂ}e%?e Og}ﬁe?tgéél L]I“]';esr])? (If)hr'3 use in

certain appli %ﬁ&i &%émﬁli_i%Qeﬁﬁbédii@ﬂmijssﬁatwﬁbg 0945 Grearcay S@BBd12c i s

hi ghly desirable. B. e Radi o Frequency- Responsi ve El enE)ent RFI D tags can
be either actPiveowskipansisiiad,3 1AM etvd RRPTH Yd&&é?‘é%aa% addi t i onal
energy source, such as a battery, into the tag construction. This energy
source permts active RFID tags to create and transmt_strong.r onse
signal s even in Begusnswiizerescyt hegnetid demenesaal F}H%\;‘}'P%ﬁe&'f‘f_‘?@dﬂgw&'g PlMeld is
weak, and thus an active RFID . : vegadekryhange.

Hovever ¢ he SFFR &'8)(9“% ﬁo?ffgc‘i“%@g‘tsi&fr@ %?'dtgﬁﬁe&%?iﬁy fimts the useful
life of the Gagonzhd ddiitioomhey thg bbdtacevaedaddsactiyated enast s@vaiet¥ost  of the

tag. A passive tag, derjves t ener n I . e @m the
i nt err ogat i ngoMAEeY: F‘F“‘e’ﬁﬁ?ﬁgg?tﬁ“éﬁ‘ a&?%%l?lc?q%z%s&ﬁ%%% \@2‘;3%35’ g{egg?%gsm t

response Ccodgfer¥oreBfablAfol B it deetainmpelitatios (beasdivrennavigredsnt s to the
interrogating field, thereby  podulating the signal reflected back to the
reader ant enrfAractqpRys 1s T@T&%S’F"gﬁge is nore limted. Because passive tags
are preferred for many applications, the renmainder of the discussion wll
be confined to this class of tag. Those s_IiII din the art, however, wll
recogni ze that th dioyJ Qgﬂi&‘?é‘@é‘—s' -F{Qc—rﬁrany features and that both
can be used Wit h pidhSads RYESU i 2chAR: & PPWRe i Ktigusg ikorparppassi ve radi o
frequency-responsive element 10 typical l'X %ncl udels two conponents: an
integrated ciaddupral eerghIPuEh U WY, MPHRS PREFPIBTED C'rcurt provi des
the primary idgntibiGRLERR RFUPClel eredié addnahsitlegragfrespanse sgnds ciengui try to

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 o 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 i1s more
limited. Because passive tags are preferred for many applications, the remainder of the
discussion will be confined to this class of tag. Those skilled in the art, however, will

recognize that these two types of tags share many features and that both can be used

with this invention.

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

circuit provides the primary identification function. It includes software and cucuitry 10



-8 permanently store the tag identification and ot her desirable
information, interpret and process commands received fromthe
interrogation hardware, respond to requests for information by the
interrogator, and assist the hardware in resolving conflicts resulting
frommultiple tags responding to interrogation sinultaneously. Optionally,
the integrated circuit nmay provide for, updati.ng the infornati tored in
its menory peremenisiareinedes Wppbsagn oy ?lggt e?”é’glai‘ Yrene™ i”}r{?ar ?c%ffon out
(read only). r+32§s%miaﬁs% redive@UichSihg tdrdBhiRnherdwiseresponRid Rqoarsikier s i ncl ude
those availdble from Texas | nstruments gi ntheir TIRIS Qr Tag-it |ine of
products), Rifpimiayen by metmeiesaiaraedassismbe arrdwardr FReuep Wﬁ&‘s TBg'"tﬂgoduct s),
Mot or ol a/ I ndal a j iR T8, o h heneant enna
geonetry an&roﬁ? "6‘5@51? it@ép%égneoﬁ@ tgﬁé%([ﬁ%g@s%"?‘ggn%ﬁg?'atglﬁ_t?logna]f;r?gquency of the
RFI D port i onmegratet eirtuignayfoovidxfanppdeting2isin@Hnafaprstas¢drir tamemRBI D t ags woul d

typically inclyde a dipole antenna, such as the |in di gntennas 4a

shown in Fi Btﬁagﬂ“’r‘]‘eﬁﬂs 0&05?%@3?S§f‘?§§@g g}ebrg?rémg% gur% Iéegc?%ﬁg' gﬁgé\'ﬁwattached to

the radi o froauencYatlEBP@RSH REID @hese nkiudOthobaavhilagltrfend BexaAlrdGuiBGtdvHz ( or

simlar) RFID tag woul d_use a spiral or ..cojl antenna b -.sh

attached t o (irrgeif By of Fé%jﬁé’ﬁ?:?fpﬂrg‘g‘ﬁﬁ?’n&‘\]f@s Jérf 'é‘ﬁ‘éﬁf?oie@#iﬁaﬁé a"@?&%ﬁg‘\'@. I'n

ei t her _ease’ofgx%u_@t@i RG oA, BhCSRiISChipSyhami ambiganency energy radi at ed
by an interrogation source. This signal energy carries both power and

commands to the tag. The antenna enabl es the RF-responsive elenent to

absorb ener gy sufyfil ghefita deOmePPHR PRI Gepehtl $h B HeslEEERBYInRFRYIedEy T he
response to be deTI ggtte(!j. g%hilr}gﬂ,%pt hepr thlgr acptéri sti ces rof Ftﬁhe anteqna must be

mat ched to tdfehah&Dernnion sfhaiagi Foriesamme 3rigdia easmiarhRER ega et t ags
operating | pyéig?qlghécﬂjeae Md?p[oge dnfenld udﬁqu\@ lindd §ipBR ShtehAP 94 $1R0A in Figure

characteris antenna length. Typically, the effective length of a
di pol e ant eng dr she felgbddpeld astontah ata shewi ataghedde thegadio ReduenWao@PBYGt h or

mul tiple hal fi wayelength ofn t R8s sk e/ LOIANLPRFH ABMuldl e § B8ratase of tags
operating i nel?rﬁeélyf%avbn?&ufﬁ {FNEI?}rSlégé on(o( 13. 5rg M—le ft_cl)r L]e?(arrlﬂﬁ{)rlae), where a
hal f wavel engfiln@ntaeibaasi showmpitazbed te alle reie freanesiyzesporsvgicleaeroHd n t he

| mpor tant Chag agb et bl Gasalif I ENA LOGHCA LR llerkNEnURB by L UT NS

on the antennda cai antenna types, good el ectrical conductivity

i s required. an ilepbgaioh youraet Biissimaheras caoper W eRRSrHORIPHOGIRE be used,
but other conduet,of Sunnh BELHIWARFTAGRGLY o) Eh oS SHE el DBTERI bOY, are al so
i Fac ., pref rred 0

accept abl e anl are’™s or purposes this invention. It
i s al so i npogdwathetIfathiptand thenghy pravidoeltapspensfto 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 18
selected so that it is close to a half wavelength or multiple half wavelength of the
interrogation signal, In the case of tags operating in the low to mid MHz region (13.56
Mz, for example) where a half wavelength antenna is impractical due to size
limitations, the important characteristics are antenna inductance and the number of turms
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



the selected I1C chip match the inpedance of the antenna for maxi num energy
transfer. Additional information about antennas is known to those of
ordinary skill in the an -9 from for exanple, reference texts such as J.D.
Kraus, Antennas (2d ed. 1988, McGaw Hill, Inc., New York). A capacitor 16
is often included to increase the perfcngmance of the marker, as shown in
Figure 2. The capacitor 16, when present, tunes the operating frequency of
the tag to afrpar for exdnanle, vedtrense te¥isisgchi as Jdbdirpubpeterray (2gisdal 1 nt T num
operating ra qe] a:}? igsgyi ng conpliance with regulatory requirenents. The
capaci t or ma@‘lei'ich “*pé®8’ discrete conponent, or integrated into the
antenna as described below. In sonme tag designs, particularly tags

designed to operate at very hjgh ygeéquenci es u
Wii” €

/ such as 2..45 ,..a tuning
capacitor is not fégeACkEds! togperpise Q‘élpé'i?'@ﬂncseod?]hea'?%haésn coupl ed

to the i nducrsl?o%%n Wg%’é- ZjeﬂweQX}uaEm l@%%ﬂﬁescrﬁth@nd’s&ﬁ@ﬂﬂfhﬁiné freguenycyf of t he

conposite structure, given by: where C = capacitance (in Farads% L =

i nduct ance ( ithe tag toenpareasiar ¥iless dihy ingasiErhlesiof plaeiyag PRV BRRCRI ThE %% equency
of the RFID system .Th {2 m&% LsRee Bredhsbhdhutasthgapaci tor as
described in? .géurﬂﬁtcgﬁ?lﬁﬁl%?ﬁ&%b& 7“%[%(l Taiet et efal Ea) and 4,578,654 (Tait
et al.), whi dhcrteecapshaedintegradintDitietantdpon sdewsapeddictoancld sp¥e ¥ gesirabl e to

reduce tag size, particularly thicknes 9y ALl ZE o IRRYal s assenbl y.
I n operati on,de%%“ssmfaﬁﬁmﬁf éeﬁ’fggeazl,o g ﬁrz’teragg?%hg? g]g]ﬁt}]eeﬁaéis-'e?esponsi ve tag 110

i's interrogatiedaynimtapASosiesuéduiied yBiteenpat0,is whiceH sp that,yyfice a0upjed] ocat ed
near the point at which th ags are tq be nonitored. i r.ogation
zone may be é&3thsprdushrag %?/V“Feﬁrbég\er‘?&legrﬁaﬁj&ﬁeSaréatng{géqu(e)ﬁcg&flﬁglég%ggr“gss t he
exits from thguf@@npilbénbshi ch the tagged articles are located, near a
conveyor carrying itens to be nonitored, or t | i ke. Hand held detection
devi ces may al so be used. An interrog?t Lon! #ﬁ_‘rgce 102 (typically including
a drive oscillator and an anplifier) s cauphed to an antenna 104
(sometinmes described as a field coil) for transmtting an alternating
radio frequenewrdield, or interrogation signal, in the interrogation zone.

The system 100 al 0= ic%ging&S(in%raggt enna -10

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 15

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 1s
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



for receiving a signal (shown as antenna 104, and sonetines described as a
receiving coil) and detector 106 for processing signals produced by tags
in the interrogation zone. The interrogation source 102 transmts an
interrogation signal 200, which may be selected within certain known
frequency bands that are preferred becHlise t hey do not interfere with

ot her applications, and because they conply with abl e gaver nnent
regul ati onsfoeremrlghwgﬂ@ldﬁ@“fnraéqmefﬁt@)m‘i A8H BHEG P ES é& alas?éeég?"{}%s an

i-nterrogation s nal SbaRalzoR02 that is
recei ved byc‘f']ﬁén RIEY Itoig(g{%q dsgr@‘rﬁaghﬁnﬁéﬁtﬂéﬁgt%gp&%gtﬁggfg%nl 6. The det ect or

decodes the response, identifies the tag (typically based on information

stored in a conputer or other devi ce 108 on based
on the code si gnhbe &8GR SOWTER F‘%dé“%‘&laﬂ KR ém" Soq’q' ﬁf us%);r at ed

system are knowndqQyitiPSRa@ikndh trkquencytbbedsalia auerpeéferchdrtgg:aufs@lrhe}ed«aml e, using
separate antennas for the mterroa}gtl on source 102 ap%{ihe detector 106 in

place of thatafengivish ot 2spbiratiomaandipgeaupesthey oSt B AP PIOB I SO THET tags al so

provide signif| ant BB I%dlgffreHl§e%Ey ASHRSSE Db RenRIABILS an iRBTEAlioeS i n the
form of real Sl menory or wite-once nmenor but nore prefer 33'
%}’69 rewiting

of fering the.gnhﬂertrdnlstenatsldwmysnooserce@@mn@mﬂ} deeeEeRay HedBEy?

its contents froma di siance t RE a¥dndled t5amg vary, and
i nfl uences taﬁ‘é“%'lsﬁ‘é“eéir{a Y mé gg})cﬁ] de?‘%ﬁteg@gp&?{%wt F?Ol‘tl on %f an RFID

tag. Typi Ca'(ly}!mal@ﬂia\é‘@iedh 1ﬂiaﬁnehmh smmddn 5co]:|ﬂ)ul:nr bsotbér ey dmwdﬁ@ be

provi ded econom cal |y I 1 as
| nst rument s t#es Eﬁlol“é’ésed?ék]}fs“%g}ﬁ)%f@ &'t“?‘féed Q nar?(%i:/jfﬁ']a %QO?I i%g}r)a-r[%{(/l des 256

bits of users, d@érﬁ%eﬂ@iﬁ&hk@thﬂwmwnﬁmladdintlumng,tfm ekzraplblus@g@¢pammry

reserved for itens such as the uniq seri al and

manuf act uri r?g‘e“'i‘aﬁff%frtﬁﬁt"ffﬁrﬁga‘%?ﬁdo‘trﬁ%1q% aﬂg%eﬁeﬁﬁ) [FHHB ?{\éﬁ{)&%ggg avai | abl e
from Phi | i ps, Qi aandMGsessraell. Ei ndhoven, Net her| ands under the
designation "I-Code" provides 384 bits of user menory along with an
additional 128 bits reserved for the aforenmentioned types of information.

This user accessiNpfrIRAD v ﬁ@u:&&@niﬁl&:ir@dmbmueds‘thaermecdsh@e pemPor mance of
an itemidentification system deployed, for exa étmme RFA% bo({
envi ronment . soPe@esip fye forn ber:%ﬁf?réssmrfa@wr Py ‘i“é?rg‘ei’)‘ Vs RA AR P “an dpti cal

bar code. The, ﬁéﬂh?“ﬁ: dsg'qmdbflh)efo reatealy Nfghic ihB by H?&E\Elmd'@, iisgous®s t 0 access
@ clreulati on a0 ass Traman o memory kot bW dn il the sze an

from a distance. The amount o vy p ry

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 manufactuning

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 exploited to enhance the performance of an
item identification system deployed, for example, in a library environment. Presently,
libraries identify items by scanning an optical barcode. The unique identifier contaned

i1 this barcode is used to access a circulation database including software provided by



i brary automation vendors (LAV software), where nore extensive information
about the itemis permanently maintained. Wiile this system has been

hi ghly devel oped and works very well in many applications, it may have two
di sadvant ages. First, a connection to t]r11e circul ati on dat abase nust be
establ i shed to access the information.” "This limts the availability of the

informati on when an itemis at a | ocation renote from.gr cqnn?&%ion tothis
ormalio a

dat abase. Sellma autpmatignetendesy A DR RS BRI AT HR ST SOt T on

dat abase can 1S(i)tgr$lisi MR ade AL f A URREGEPEARIY I 884 Hidhedeveiagediaadil ar |y
during perloﬁg 0 pheavy se. By storing certain critical itens of

i nformati on aorks hey Rl B thay, apblokionafit masHisse twe dadaiiasss W5h 2be over cone.

One exanple of informtion, whi coul d i reRsEoRf a library
i denti ficati BMESY @%Ffi”%lﬂaé‘%ﬁ?abéﬁe 'F%S‘el’ggﬁr‘%@‘égnﬁ"ggﬂﬁoﬁﬁl d be a library

i denti ficati s i iReEvaildhIRg of We tiouibti@ocessh ngnds datlebaseremait Tamkh s

"home" library could be quickl a conveni ently determn - sinply
scanni ng t he cqMEOR &b‘é‘ls.daﬁHWhé?coé£gWFté‘ew O?'i”w?l%tfﬁ%nrr?h;%?ﬁej?@lg@I y present

on an RFID t gag.i.tseh konaihd RRirdacade gasly gnatirmgpaniarheontgyenoderh was a
book, a video tape, an audio tape, a , _.Or sone ot hg{lﬂ'}temb [hTI?i s code
coul d, for eweavphws, Byctgmesenaim@itisidEms pLiperpyiga o8 py 88 "Rt he 3M

St andard | nt erchan Pr ich is available fromthe assignee of the
present invqﬁfﬁhbnﬁgggi/s c%ngrgg%eécto\é?y knowi ng the media type, a library's

mat eri al managenent systens could insure that an item was being

appropriately processed w thaout I ncurri . .Y r@Rdndezamy@ni ence of
consulting a rem)é’é‘2 %ﬁaiﬂemﬁfﬁ rﬁalﬁgt%%s%g]d&ﬁﬁrgﬁ’g?anpI erSI.eof_ i nf glr mat i on
sui tabl e for dcRGRARGY Fhte@Nf prede ohhie FFDDad aedlwonld He adigraapartdiattiont o t hose

skilled in the art, Another area in which RFID. X f.L.8h vahuiddvant age
over bar code"¥RbeEg Thedy, 2ytagHE ap&Esyng atdﬁgg‘?sa’eaﬁt%:‘ze i Sci??‘%nl%g?ﬁﬁu\ﬁti pflhé&ig%/errs. By
usi ng sophi stzh& adhehicha§ t¥ainenedaly gaipiytshambing R KFIDdatet r Ancalmy exarrieetfs
cooperate to insure that all itens | he .r eader’ interrodation zone are
successf ul | y infe@mies preterapMese ot it ﬁ@i%i'ﬁﬁﬁﬁ%‘"? E“e“ %";Sjér%ﬁ{’grrg‘. “Thi s
capabi lity enghliesint h&n 98Y £bORTE BtieDhpd) diMRidMtIGpe) 26F M lor appd otbatiieans in t he
areas of inventory control, item tracki nq%, and aorti.Pgd t hatywoul d be
di fficult of Thinedsioblde farexamipcenwiit hHmR YA CEEREASEY" denti fi cati on
systems. -12 SQandI'Q?ntQQMg@ﬂdt%l,mmh is available from the assignee of the present

invention, By immediatcly 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 circutation database. Other

examples of information suitable for incorporation into the RFID tabel wiil 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 multiple items. By using sophisticated software
algorithms, RFID readers and markers cooperate to insure that all items in the reader’s
interrogation zone are successfully identified without intervention by the operator. This
capability enables the development of numerous useful applications in the areas of
inventory control, item tracking, and sorting that would be difficult of impossible to

implement with barcode-based identification systems.



As shown in Figures 3 and 5 through 8, the conbination tag 20 conbines a
magneti cal | y-responsi ve el enent with an RF-responsive el enent to provide
the advantages of both. Thus, the two el enents can be applied to an item
of interest at the sane tineg, thereby_fﬁducing cost. The conbi nation tag
may be provided with a pressure sensitive adhesive covered by a renovabl e
|l iner, which enables the conbination tag to be adhered to a surface of the
article when the @%ﬂéﬁgﬁﬁgﬂgéggiﬁennved. I n anot her enbodi ment, the tag
uses the magneti cgl LSS PRORL ¥ @neh SIRRh 8a%e ddmiAmtion g 0@ombihe 2 1 adi o

frequency-responsive el enent. The magnetical |l y-responsi ve.delherrent , Wwhen
used as an magetinaly-respoativcteneahitly 2eirmserIsivpelehert fypfoyde the

frequency-res ggtzi%%/sgofﬁloﬁlwas t}%qgoréﬁ%em?hnrqaﬁp{@%? 18hSRenPsr iRb¥G ek Y

coupled to t i requency-responsive ele . The conbi nation tag nmade
accor di ng t osdnkeine, @seey redueptonn Thegonbaationeemepbapreddediwythvish 8SSuEi r st |
the RFID interrqogation source would e.radio fr C I ti@ request
and receive ¥5&EEe ?4*‘6??1"? Wé(erieﬁtt’é&Feé’?oevéﬁ%%mre&lﬂhfc.h e‘f%?e;ﬁ?en%é{)nrb %{%{E g%lét\f\)otﬁl d

i ndi cate, foLqRxaANB8urfidkeridenicd Ligaticonedhs bdee randved! B anbthér whi ch the tag
is associated, and whether the article had _beeln g}r}ogerlg E)rigp%%sed.

Second, a nagmbedimentntheraedyat hemaceled iy FATEN Ao T M HE g to

det er mi ne Whel e eduifc,RERRECe @Rt | TR r@igndiaglymadolstive esmenbhyn wed act i ve.
If the marker assenmbly was active, the interrogation source would produce
a response, suwharsenng, lﬁe‘ﬁlf’?a&'afﬁ‘i’k@kdt‘ﬁé{?f%q‘fbﬁerﬂﬁf"}{‘éﬂesﬂf”fsi“’c?Ieémﬁ'&u““rqor?aybeen

properly pr £0k a1 B8RS E NG IR NEE Fadi R ER G shORIVE SledBite T esi st ant
to shieldi nggfﬁgi ‘?lrf‘e rgd?o af?e(;l?e%ncy interr%gat?ﬁén, t he magnetic portion
of the combination tag would provide enhanced security. Thus, the features

of both magnetic %ﬂgcﬁﬁﬂi&ﬁa?%} RIE ac ORI D JrREQ iR eRdidaGha beONDI nati on tag.

In a preferred enbodi nent, 1€ conbi nation tag includes a rr,ag%eti cal ly-
responsi ve elireereagatddriaio velys oFifsuniet RIgRgntarsosaten sertcenyald use faie TepreWt ry of

the radio fr%ﬁ‘i??%‘ B%?P%Qg&%% IS TRRLihe iFRe 3R KR RO\ DGt Roulihe
ant enna mat P8 HUSHUeXhi'bit | ow magnetic-coerci vi t%/ and very high
magneti c per nmhdatd, ifdryexbhpe, sy MentiGsatian of bt ditick enth vk vy sarserst) | and
noderate to high.,electrical .c i Vit f hd QB Setic Mierfghii&i ent
antenna). In? g(‘ﬁl‘ihftihgrnl,’e Fﬁ@eé%ggr:%?ﬁ{/d%w%{ﬂéetfgsg%t gén&%a 'rmsat% eb“é c%rrpgatii ble with
bot h functi omgld Weuld itaroeabaish et detdrnee svhetben iz ARBEE, POTign CEUEARITE" be

fabricated f I’zxcs)sq’:lml) ye»rvarga alcli\(?ey '1r maalklep Xﬂf%blﬂ%&gllive%g iﬂt&%atidnjsé.lrce 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 magnetically-
responsive element that also functions as the antenna in the circuitry of the radio
frequency-responsive element. To serve both functions, the antenna matenal 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.



In one enbodi nent, a 3M"Tattle-Tape''-" brand security strip, or other
equi val ent magnetic elenent, may be used as a |inear dipole antenna to
operate at 2.45 GHz or a simlar high frequency. The |l ength, w dth and

t hi ckness of this strip are selected to match the particul ar operating
frequency and other characteristics ofi3the RFID chip used. Typically, the
strip would be made from pernal |l oy (available froma nunber of sources
including Carpenter Specialty Alloys, Reading, PA under the trade nane "
HyMu80") or an anorphous alloy such as that available.fr e AlliedSignal
Conpany of Mbrri gt eRmbd¥menadbyl “'tfﬁécﬂé%q“én%{?‘?dgsﬁc‘ﬁgyo%ﬂ}}‘ Dgﬁmd}kthﬂ%nength
woul d be between 6.35 and 16.5 cm (2: - ipBlelafieiasy opeFhie &t i nal s of
t he i nt egr at@avant @agteic GeUFY: %aé’%ﬁﬁ{sléagaaﬁlﬁé}rggnnect ed ‘taho the ends of the
security st rdt}ﬁr H &tk highkrefRasurieetnts., wigfh z’inﬁﬁé%}:aﬁ%gf Bd"Fo%er gain have
establ i shed tHal ‘such a magnetic stri Eé?m‘égif gdesy el Enaraditidswfidament al

el ectrical elemneattoonatet e gIHS A RBYEYEHEN Or” al um num di pQLﬁg nt ennas

nor mal | 'y usg%ﬁ/i g,h U%H;fh]")?icglw, Bre s@Cvduits: rdde ool remEORGSEEPEdFL" per f or m
both functi oHe® C&'PStactorily, Wen the netp call A @s@gnsd waleel enent is
used as at |Qawkr moﬁrc@rincﬂwmﬁ%%?ﬂ&}‘%ﬂ%ﬁr a%i o frequenc -responsi ve

el ement, the two a&/gJ @l ectr i Gabhots GRiRLEtstian eadible ﬂﬂfhéw.“\i?détﬁ“?i cal
coupling nay‘aﬂ‘t?cﬁ]ﬁ & aluse of a physical con é}ldopndt?ﬁtlé’?@%m bd pl e

el ements (ascsheam of Mokrisgawme N) ynftsff}heidﬁs‘&“lai‘éo"ggg@ nce of a physi cal.
connection, by non- congt ?%t Eh8CHE QRRQREH! Fhe@bihilng tifeastesBRFITFH Fi gur es
6, 7, and 8)1?6“1’@%‘-({:%1 dt° o pl'ing can include par écﬂr& G SOHRIheE s

capaci tive cQURlipd@hysail cra;dmtddeltm@uciﬂqfﬁg,se?ﬁgsrws Sgcd acg%dgn&a
conponents as parasitic antenna e e e tragneanstngipr bt ant ennas,
Yagi - Uda ant efimpsdangt arﬁ’tﬂﬁ’@’rﬁr%”ﬁaé’t%?%%ggnrtéggﬁg conf | ggurat i onS. . Thas

comnbi na]ti Onhts.;ﬁx?e éh@émlngﬂ%&@fﬂ@a@Clieflm:CUd‘ege @@P?ro{rﬁ‘Fﬁg‘“Wﬁ;ﬂf F L%g nmagnet i c
material. Thé tag coul d be, r ex ; M8 dedgrminbut cagnrsant enna
structure swotmally useovithFughg ‘gPP'FTCﬁSrE‘R%‘gTMP@g%gF%%re pp:eovi ded at the coners
to inprove the. ic function of the tag. OQther types of fl ux

coll ectors nﬁ@t’%gg%?%vi ded. The conbination tag 20 shown in Figure 5

i ncl udes a physical connection between the antenna 22, V\hﬁlffcr irgen de of
magneti cal | y-r espQpsi Y&, MRElidaA-resielvé dinent nuegrrapePsePit it A7 One or
nore keeper elenments or the type. descri b&?habﬁ’%%le@t'ﬁ@a@%t%lmﬁ eheh applied to

t he magnet i cabl wheralphemiesd-ARPEICS emepothe (g aiE Eler e el
[ y between muﬁlp%
al coupling may occur because of a physical connection betw

other. Electric -
nnection, by non-

(as shown in Figure 5), or, in the absence of a physical co
d 8). Non-contact

elements
contact electromagnetic coupling (as shown o Figures 6, 7, an | d
capacitive coupling, oOf inductive couphng, an

coupling can include parasitic coupling, -
elements, reflectar and director

use such antenna componems as parasmc antenna

' ons.
antennas, Yagi-Uda antennas, or other suitable antenna configuratio

shown in Figure 3 includes coil tums made from magnetc
ructure

The combination tag
uld be. for example, a 13.56 MHz tag having an antenna st

rial. Thetagco |
o N ove the magnetic

such as 14c in which flux collectors are provided at the comers 10 1mpr

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

The combination tag 20 shown in Figure 5 includes a physical connection

1 ' ial, and the
between the antenna 22, which is made of magnetically-responsive matenial,

] above also
integrated circuit 12, One or more keeper elements of the type described



activated and deactivated to provide a dual status tag. The antenna 22a
shown in Figure 6, however, is not physically connected to the integrated
circuit 12 or the dipole antenna 23, but is nonetheless electrically
coupled to the dipole antenna by parasitic dipole coupling to provide a
conmbi nation tag 20a. The di pol e ant enma?23 may conprise either
magneti cal | y-responsi ve material or non-magnetically-respopsive nmaterial.
Figures 7 am@y&ehbmménmdﬁ@meWW@ﬂWﬁ@WP§“WW“WﬁFbH3WBY%"?%%%“ Ae¢ant enna 22 is

i ded A i gally I j aaikd vel y.
provided to o SRy ALY SRHRLAN LIRS AR 230 kenragid vel v, In

the combi ndf"¢ In ure ntegrated circuit 12 includes
di pol e ant emaowadh.is Mhliphitidally pareasidto dalihiseraeliptcat 12 or dntiealiastcand.

Ant ennas 22b ar e nade of netically-responsiye terial, ant enna(s)
23b may be r?éd'@‘tbgf“%@‘ﬁ'éisieg\q‘lc@y CP‘é@B%I §'i‘e\/(§p%?fn erni"gFY Sﬁ!%fﬁ[cﬁl (Ii:%rrbi nation
tag 20c Sho%uf-f:lﬂ b gHvRieS coRbinARh @agf T0ROURAGYole LiRaPANS imag cahpireritheaf t he
type shown in i%ure 2 is parasitically electrically coupled to antennas
22c. Ant ennasagl@caliy-eespaidee Wteﬁ"ﬁ@hé‘?’l'@&%“leyﬁaﬂé%%’é‘i‘%@aﬁﬁﬁeri al, and
antenna(s) 23c may be nmade of magnetically-responsive material. O her

variations of these enbodiments are easily designed. The overal | thickness
of the conbi nati Gipurag sddulldirhe embodimedty inadichmss reong4lertghzhe the tag

to be inconspicyousl laced on_or in rihe LedXamphe, the tag may
be appl i ed wireRidnelsclisT P pithdtad g '%C?Beosg‘%”%d it is desirable
to make thedudhatibii fageopLghntioFipireventegeasicirdet Bonéletes BpoloB8erid ng t he end
of the book. Conventional |Cs y be approxi nat el 02 in) thick
and t he over%@lWm@hﬁdﬁﬁﬁgﬁm%Foﬁﬁ@‘?3@£$§5gﬁb#3$%%¥ng§§§H?%§ﬁ 0.635 min
(0.025 in). Jhe.canhiapbina nhags, ol dithsa(i)nventy enmagyofbegpticdlyded in rol |

form to enable the autonated sequential gpplication of .indivjdyal tags to
articles. ThW@x@§W%WaW”§yéﬁ@ﬁf?@mwﬂﬁgEﬁﬁgégggﬂf“?%Vmex%%ﬁpg%qﬂ%#y

Publ i cation M%JUPMQ 9713027 Mhe (P8 VRh&: i Figate. D is parksitithly dttaicalonbipleats on t ags,
sSur

one or nore aces of which may be covered by an . adhesive (such as a

pressure sensittingse?2adHaninges)22c praynape oF BaRSe R F FRATENE MRS Bd  appl i ed

bet ween two KnadDEBHhagntfcall-NdAgve MatpdgeOsfr eadesnsdy be
provi ded to tﬁ%ﬁﬁff%%ﬂ“?ﬁgerkion %n tﬁggco%bination tag, and ot her options

such as senstes entboddensare @k dpowricti on of vari ous conponents in the system
may al so be provided. -15 The conbination tag is believed to have

particul ar, although not exclusive, use in )
The overall thickness of the combination tag should be as small as possible, 1o

enable the tag to be inconspicuously placed on or inan article. For example, the tag
may be applied with adhesive between the pages of a book, and it is desirable to 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. W0 97/36270 (DeVale et al.).
Individual combination tags, one or more surfaces of which may be covered by an
adhesive (such as a pressure sensitive adhesive), may be removed from the roll and
applied between two pages of 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.



the processing of library materials. Library materials having an RFID tag
of this type could be checked in and out nore easily, perhaps w thout
human assi stance. That is, the materials would automatically be checked
out to a particular patron (who may herself have an RFII) tag associ ated
with her library card) when the patron‘ﬁasses through a suitable detection
zone, and checked back in when the patron re-enters the library with the
materials. The tag of the invention may al so assist in inventory managenent
and analysis, by.enabling |ibrar 111 r Gk Qf in
mat eri al s i nst ant iﬁe“&ﬂ?l"ﬁgoé]nlag IS%Sn%v?%ggc}@gf@arr@%é‘?gh% de;]g%o %%Eﬁf g’abfur es of
the inventi ofheGadtessity of DbaSanatbr@lriduahimatenials bearg arRidDheg ofappitineat i ons,
such as materials handling in stores %hou}?es and t.Qe liTEz?t'is i anot her
embodi ment , £ord bosEkedin 81 WAFOESEFY: RATHPE AEPAE AP TR A T e RE
i nformation hatdiait WoRidQDiomhaiBAREE Liteck@TRORSEaticidt patdnighukay herelt he
magnetic features of the tag had been activated or deactivated) and
through a radive ah REGDeazcaysociatadoriderer [hraaicerdt WA, ¢ PAUSI PRSSEHE &R 2 of
appropriate go LEr Reon ERARFsMhORbridevitRFl D chi p
itself shomeau'{ahl\égett%ﬁéowg i%gﬁ%ﬁngkeegﬁ’tdgﬁg?@ﬁfﬁé?e| y processed) .@The
fol | owi ng Exagphaeaiar The dg ofthic ihvehtert harzisosfon irenyeaprasanagentid 80ags used in
t he enbodi nents of the inyention.descri i i ] npl e
One A conbi né[”ﬁb‘ﬁ* lfya‘ﬂ’ag\'é‘§\(‘ﬁ'§8/eadi”ﬁm§fzag%sr P}%g%{}%ﬁﬁgﬁaﬁga%# é?gﬁb &}}Nm?r?? ion. A
per mal | oy st hRinDb6 U CRdsefand mhanfeadutes yf thw aiveraiboh earf, phenutssebeBapyrbntcer

ion

Technol ogy Corporation of Reading, Pennsylvani a unde desi.gnat
"HyMi80" was PEeAOHSERRYCatigny Sugh i'%?{eﬂgéﬁ%ﬁﬁrfﬁr‘aalrc’ﬁerse‘ﬁ{%@& ?Shél%e‘%c'm D
Systens (SCS)ef San Diego, California. The strip neasured approxi mately
1.6 mMmm (0.625 in) wde by 0.0254 nm (0.001 in) thick by 10.16 cm (4 in)
|l ong. The test fixture consisted of a standard SCS 2. 45 GHz ant enna

connected to an LER &iRb&nboliltcentleld fmbasondes t@itbgtoside tlnhittawponrkexposure to
a2.45 (CGHz field strong enough t o, power a% 53&‘5' cal, SCS. RFI D t.agﬂa[ he LED
2} @Y}

woul d gl ow, ipfprnatign heph AHOYEMISEIEAEE F1PSPS5| [H8i BR3P RE Y Sper

operation of [he tﬁ%mrbker{]a%ﬁ%hé/& NBePQR Lk BRN@Thrd 38 208N GequehlpaBspoegl aci ng t he
standard SCS anternha wth the -16 prot ot%ﬁpe per mal | oy a%enna the LED
i || umi nat ed dindmgtmgostiovt dieysse peapseareate paflverre, SheBRPR 9228 97T ng t he

successful Oprggrr?ctr)if 8ptthRnghiB'§t9J!Psth¥9€d 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 1, below.

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

permalloy strip produced from an alloy availabie from the Carpenter Technology
Corporation of Reading, Pennsylvania under the designation “HyMuB80" was attached to
a test fixture manufactured by Single Chip Systems (SCS) of San Diego, California. 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 glow,
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



Exanple Two Figure 3 illustrates another enbodi nent of an antenna that is
believed useful with a 13.56 MHz RFID design. At this frequency, a

coil -type antenna geonetry is preferred. The spiral turns conprising the
coil are formed froma magnetic alloy such as permalloy, either by etching
(physical or chemcal), die cutting, o‘r]6‘depositi on through a mask. The
straight "arnf portions of the coi|l serve also as the magn eeflff

responsi ve gtaompd permmlioytahlesna;le‘glléfrﬁ)lﬂlimwel\?élal appigEiateiibie 2 gd?h of these
metallic elenents i eorret ectiveness of the
magnetic sectfl&h © '%Wi‘"éﬁhoﬁ‘ucfeﬁgm 553!‘1%" 3{%%@@0@ fg:rrbodl ment shown in Figure
3, flux collection elenents provided at the corners have been added to the
antenna coil to overconme this limtation. The construction shown in Figure
3 woul d, preﬁ‘_emabl_ﬂg i nclude a capacitor as previously described to tune

the operating FLEAUSRGYQS addifer BRbAMNAGN Parl heenRl aci bileded ntfalrvidgat | on
frequency. The characteristics of the antenna described in.this gxarrpl e

wer e conpar eld.56iNHz REFR desigar afd e frequensy. dFoRMRATIAAT BEOGHY 1SgFefTig
frequency i 'E%B'é“\ u&féﬁnﬁ%‘sé@%}ﬁ%&‘?arcl?&%%gr?m ah%ctmﬁfﬁkﬁ'ﬂ Wg_ﬁ)y\l\er e

simlar, it € antenna this exanple would function
adequat el y |dlhatuymcﬁm;atpm@maﬁnimm:calehéeewbug;honms“@TthtWéhBl“’é?i‘erﬁ ¢i nvention

descri bed bel ow mpy use .ei.t a.tag  havin ehenent, or a
conbi nat i on Y&ght BHR p‘HT'OWﬂ}}eW °gp ée"gﬁe%l Orzl‘sbt %E%%Wre%é%bodl ments of the

Present | nve[msld@pgrA H(Rﬁjvg} [p@vrb(meed/\ueﬁgmh mgébetrnemll@mlmbndsurt thegeoBdtause RFI D
tags nmay be shielded eit her intentionall. Y 0 uni %@%oqﬁléy by a library
patron, it ilnigthesecysars fhthe rBLY6FHE yt%’ﬂ?”lﬁlgi & magnetic security

el ements in theqdiRaoadwhidraiy 3TRbeldiadion Blfeﬁfarﬂ?{ ﬁbb:};decbal thd@ﬂste&’f’@\fft ag V\hen
the magnetic security elenent _is dual taé ixp [mc%n towmarﬁ
sel ectively keenpddse aeltharerenigerai 1q Qrome thig Amidrigp Ihg CTpING RN y changed by

the appli Cat?gﬂc@fwzﬁxlm&'&‘?ﬁﬂlﬁ ik d chactdiat preab@wﬁscnbwgmm wat i on
operations su as this have no effect on |1Ibrar ?rrg ials such -17 as

books and magrritineéeqsuey fdbe a2 WetPerPigRerIRec IBYEET g%’r‘?“ Yiveti cal | y-r ecor ded
media. The inventive RED device with magnetic capabilities solves such
probl ens, preferably wthout any invol venment L?y I|brar§ st%ff “?ers. As
shown in Fi gure ITheaphRREMlgeed beatanpdtitpdd 6 FSYEt T on from an

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 descnbed above.

1L Embodiments of the Present Invention

A RFID Device with Magnetic Capahilities.

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
clerﬁents 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



RFID tag on an item such as a patron card, book, or other material.
Preferably, the information read fromthe RFID tag includes a designation
of nedia type (magnetic, print, or optical, for exanple), which can be
used to insure the proper subsequent processing of the item The RFID
device is also equipped with a device, such as the coil, designed to enable

the activation and deactivatjion of the security ele A t he
itemtag. Afeeboaknandippeagacs L‘)é‘ PREYS hf”ﬁ@ﬁlig%ﬁ %{"ara%gﬂqﬁéemﬁge\%édg@?]? g%sm’ ts the

item identificalbRRe RESEARL AN hibndicappities sohay s psibidnspprefepblovi ded by
a library automation vendor, or LAV. Anpbng approximately 50 current LAV
sof twar e syswatisut aay evoRemenk by likgpiy skl Remp§di | abl e from Aneritech Library
Services of Provo, Uah, "Carl [ILS" which is available from CARL

Cor poration of Denver, Colorado, and "DRA," which is available from DRA,
of St. Louis, M &seghewin in Figered, ar RFED dayith ésrequibpaddy seadonfpmmataiir ™2 he

information obtained froman RFID ta h waell d i nvol ve
usi ng the coffERd®8 $hiR 'Eﬁleﬁtt‘%asi’ﬁm{%e&fi}nﬁ‘m%t grndagéygﬁ?{ eﬁ{ag?cr?@r%g'é Pr ot ocol

(SIP). Anot hegiomiiba rdaB iehMee RBIINGg antiugbsndesigmition dEmedietypk (lARRCtEs a " wedge”
to transmt the information as if it orbi 8i ated froma e??J?,\!&,ﬂHtO”a'
bar code scanmsnt, oTppiisal, £ @Ry VhiEh 80 Hird TG PEI GG PRRSOAN T t hose ski | | ed

in the art. Ir%egsm FIRNREL  THe RETRER icOpaneaipped withe d&kde[sudiees be per f or ns
the functiond for rly performed by an ogptical bt[r%code scanner \I/]\Q'%ch may

or may not cawntldesignaddo crrbleiBetrtivgtion anthacegahenol HEREUNTY FETEH PRLIoRSY
continue to Y eiléﬂ'l??a A?%} R ke rgﬁfsrtmﬁé/gﬁ}ﬁmebiﬂé eirkatete aad
y

i r
termnal s whi'l® en| 5'y| ng ?‘he adhed functionality and features provided by
RFI D t echnol ddgaifiddtien REDrdewi oa cegdtenttving sefwaie PovisrS B 2% it woul d

cooperate with an existing LA ~ di,sphiany @aapvdydemt eedback
to the operai’t”bqn?at'@f'fngﬁhlgr %Ava%ingﬁééogﬁ&@?ﬁer Feedback mechani sms may

be incl uded ide “Ibyaex, Rihich deviikblie domakmentd ditate depisexaifsova Fdle€es havi ng

both RF and optjcal  bar . r eadi C LLFRI eylieershoul d be
able to handlrgtsl i“%lﬁafvvﬁ’gaggﬁfoé‘] ‘?Rl‘gé%g"é@’[%%{’ ﬁkgﬁgg%w%%fycodﬁabel s, or
both. -18 | n wpelakinable fiba eyt woulsdMpswoess an item for check-in by
scanning for an RFID tag, a barcode, or both, retrieving the item

identification code and, preferably, the nedia type fromone or both of

these tags, and pagsielge i hirsber bf wiyIAb iramdnhet infotrhion Abtainsd fremar 8F8Y st em
Wen the device includes both an Nd ot bttt mAInARhbERLn AR tede

tag to the LAV system. One wo

Standard Interchange Protocol (SIP). Another would involve using an electronic device
known as a “wedge” to transmit the information s if it originated from a conventional
barcode scanner. These and other techniques are well-known to those skilled in the art.
In this manner, the RFID component of the RFID device performs the functions
formerly performed by an optical bar-code scanner, which may or may not continue to
be used with the device. Thus, libraries may continue to use their exising 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 mechantsms 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 fabels, or both.



scanni ng system the device may also be used to create RFD) tags for nedia
that is only bar-coded. First, the bar code woul d be scanned, and then the
identifier (or an ID code associated with that identifier, depending on
system design) would be witten to (rggorded onto) the RFID tag along with
ot her data, such as nedia type and other selected information returned
fromthe LAV, sof : | at.i edi : g could

t hen be appl l|neO e{ao ’E}écsclye'? %ﬁ]woqjﬁg?DEEF%n %K‘/H@?%ﬁ I?h)gscgrrlg?efﬁfﬁg }ﬁa\:/%)ﬁt_i on
preferably alagm tpedrberanbothsreaievihg thedtsmndrintifitiogedn dndd esdershly. ithd mefdiof t he

magnetic securi el enment s tached to l.ibrar. terials. n the device
reads the RFVYPF E‘é‘@ 2l lior‘%ﬁ@hfstegagf’ﬁg PN }hfsi')c{fgﬁn%ﬁ“ F E‘*%F%‘Won to the LAV
sof tware, thgawiM §abhVahen $:2deRR iRiaey RIMROREID syashandlan ych bancddedi cat i on
of the type of library material with which the REID tag is associated. |If

the LAV sof t wating wsipande deidermals heipsedtq eaete RBID paelof aygadamtcsi al is
something for WAL 3REG! &k #8te BRAARIUZAMIRR RNEEREEOCR: hSID g5 T ed

(magnet) cally-recorded nedia, typically), then the device can activate
only the systssonidittawvitipthrfidentiert fependingparsatierodesignpwoeg dapindten i t he LAV

sof twar e i ndj cat t tHSHRE ot [ cl i di nary book:,
and t hat thetrﬁ%)é?ef%r?ﬁl&%hee chegg%gon(%%mt@he? ﬁ%g’r%%t%g?ﬁd#é%&a?@gg{e t hen one
magnet i zat i ogeledticommmeiyn euwragt forathe lAVaolwaetsysvant elat:hetonthgmeddiac Teenent

associ at ed vvlﬂ_gﬂ%t hat ]8 Okb?ﬁHF?Pi@;'i%aﬁ if the LAV software indicates that an

RFID tag is Becaraa M 0'%ape, for exanple, then a different

magneti zation systemnay be activated to deactivate the nagnetic security
el emrent associ ated with that video tape, Tf}j s, di fferr%nt magneti zati on
system mi ght i nviieV 1D dgriceesfdbsresentanvartigedy etrandlsq RETYOTBF ™6r a fiel d
confined to tgshiedl @l deSersiiging BIBSnaAineVieidly biym@iis &thenaas Ubdatyy el enent
so as to prevent damage to the nagnetic nedia itsel f‘den%ﬁ%gindi ng on the

det ai | ed chamaterialsi Wherde dgricerads de REIP 13 and ganymifs fficg Ali ng on the

detai |l ed desi@i@fiod 138hNENV GERwdrE) @he LD SHILF Ecallibg Pfoghanfihddde réspdliddi ti ng
automatic activation so as not to danage magnetic nedia. -19 Pr%er abl y,

suf ficient i mitbrmadicarprrdyhesenesy! dhrad materehelhihiph e 8F 1Y g IREPE TSy i tsel f
that the intgffOo0aY QRS0 WsEEd0 R alRlicd oA MSitHe (cBed mblRfiQn{WRidetingt 0 the LAV
software, and can instead invoke the appropriate nmagnetization system

directly, Thias whightsodfonbined MEBFFAIanASERIomipFVEedeERtr Y f Ul fidnce, because

fewer steps ﬂ'{eﬁi&r@ﬂw"g’f%en 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 1s
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 secunty element, so as
1o 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 10 damage magnetic

media.



to reach the sane result. As a mninmum the RFID tag should store a nedia
type in the nenory of the RFID el enent, but could as noted above include
additional information. This type of processing, wthout transm ssion back
to a database separate fromthe RFID d§¥_i ce, isreferred to herein as
happening in "real tine." An advantage of an RFID device such as that
described is that it may accept and . process ite with | ess dence on
their orientation PF@W&Q'Vs\ﬁéﬁﬂ‘tc’S“lt‘Wp%m&F_é’Qi‘ gay bel'ﬂ?ﬁcﬁ "ngf Pﬁ%ﬁ'&ﬁ?%ellﬁgﬁaﬁ%
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having an RRoBwamgandrcat owisidiardke thetapgropesic MegsoztOr sysed Wieehy 1 Hdht cover
either up or down, and wi.thout th e Al LUl LVre @l stk Y réquirddel Wi th
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bar code syst@FEach €Rthing rdsiit. consmhdenaltie RFlPeag savidntpse § oedipBPe 8hide and

library staff. The "rea ange" .m different. with. di -scanners,
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appr oxi mat el y i{kéwﬁgmra&fsﬁﬁg? witRout BeRaSxsi 0WBEdkdo Beaabdse sdhatedrom thEo
facilitate reTi able 'RFID scanni ng, however, it nmay be desirable to

posi tion the KEDDleviggds fefrrred 4 heseidas 2apssnsdd “tHE™Came fi xed position
relative to an edge of the item For exanple, RFID tags provided on

i brary books m ght all be positioned 2 inches abovg,the_bottom of & he
book. The benef i t sAroédvaess ahweRE IR devREFIShGe iakdeseied iRk TRy 25He* 2"

.Si gni Ti cant, %ges iun'ﬁ’J \Uﬁirﬁ Qgi\a)&gerﬁp_l)ylh%ir%}i@gh%nsaﬁt\k@@lh@'fdewﬂ CIh]uE,Q . .
identify, resensi T Ze, and desensitize |i brary materials, the elimnation

of operator taldiongeylitwary arsteriplmayde reasesedy i Pheal BHtcodnisanst PYAYPEh
operations, | ﬂ%rb?rac%ﬂglaB%l‘?sC;%Ecid?Qoétﬂﬁgﬂar@%a&a@c%Pﬂxers@ﬁH&E ) Sevkafaviag kent at i on
n bar

constraints present | ir- code only systens, and decreased |ikelihood of
repetitive sRFEBBgzionpamiynation Bpaibepestioapdrhkfrogemuicthy &P ChATVT 1 s

faster to scan, BEl Bnetn%gc?totég%ﬂ:llg' Qlignrng%qatél DA 2 QMR BSNACInAgk Bf RBID codes
that are insideé the cover or case of the item in large part because the

user need not syseoabecrandvealionghopsiciand brodede Sysens ipsulis HeCo8Jdeails UMSo s a
| ow cost one beca%‘;)g p%’%n@aﬂ@ﬁu@ﬁ%&aﬁr q}h@)ﬁ'gﬁﬁ%@gq Hay EQ&ﬁeﬂeﬂ&ﬁtﬂﬁﬁﬂem
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hi gh- per f or maft&'® ar-code stanners. These and ot her benefits and
advant ages Wi kdanines, aqppandnthet @npreentst bkl ib pelieyedithas agead rage ose of RFID

Device Wth Mﬁ';')&rgﬂrlngtellytlgrggmimeters (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 RFTD 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 onentation
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 iteny, in
large part because the user need not focate 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



Anot her benefit of an RFID device is the ability to process multiple itens
at one tinme, as shown in Figure 10. Wereas conventional devices having
only optical bar code scanners can process only a single itempresented to
the bar code scanner at one tinme, a gypup of itenms having RFID el ements
may be processed essentially sinultaneously. This my be achieved by
having multjple RFID interrogation sources (readers) nmounted in or on the
devi ce, or BA-R% TGS sﬁﬁ@ﬂ "g‘gﬁf@ﬁb@ﬁg%ﬁ’dﬁgfﬁtargﬁﬁﬁ@tbetawgtre”bbos EdSes the

mul ti- itemy;gdgnkd f4cation algorithms. This capability greatly reduces the

time required for library staff to process multiple itens. To avoid having
the device performa magnetization operation that is 1inappropriate for one

or nore of a @ oup of ek 8 EhbsyiRalitdvPiigeessed, the device may be adapted
to provide a ne;fssarge——[t"o—rﬁmﬁ—e‘mr‘ghg—?ﬁat all materials of a certain
ki nd (books and Amghaibees; of arRFERalrpties) tHeabibtyas ericed mubipétiteas at 65l | owed by
all materials of, anot her Kkij vi deo and audio tapes, .for. ). The
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RFI D el ement@nihetdnaiodeianhussigidiam meghed al welbirltedaminmed alose appraopri at el y,
and can pronpt the user_ if _he or she has not, as spown Ii n Fi g{u . 12. In
anot her enb&Wumehttems huing BFIR glementy Mepele RIpResf gssentiry SppIGRasn di a of

one type (bgokse JkvEROATNRAE SnultlpR RIGH BN SaatioREifhrdds FERETRh6uEdia or f O
processing nedia of another "'type (video and audi o tapes, for exanple). The
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material . Tk EE.: 1€ +a, gl.spl Endisatddgr how many
itens beari mgmq%}é‘lﬁ)ﬁ%lgigés{gﬁg@gs'bggn&%?g@e%egg r%urcgﬁﬁ%grgg}seﬁ%g by the device.
That is, thdébRRF T @gueness mdupleltastst ai n i nf ormati on from each item presented
to the device, and update the display to indicate that there were, for
exanple, five items present. An optical or other detector could also be
used to verify tHatvdithbavogthe dayivh esrfooh aj mhagvetizaeeneopenatieredatpf esent, so as to

alert the patron or Library if i | IRAD:L a9y had been
i nadvert ent I'VPB'PP”?tﬁkoér?ﬁa%rn% ’%’?F% %@%%2’3“%%@%&3?%&?%% ot her grr):{at erials.
Opti cal det @etadapsedab ptdvide atmypegaathe isactegastingtbaail degorls bbdcdriuny, S, Pat ent

Application Serjal Nupmber 09/058, 58 Bel ka et - . i l.ed April 10,
1998 and enlki“tdl(h?f’ksﬂ\ﬂ CIE it g"ﬁﬁ“ﬁé’& ﬁé?jprfcf)ermet% ﬁ%geg%{’?%:”g%v Ef)g’lf Lélgti on of
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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



may include ones based on weight (in which the RFID reader can determ ne
fromthe RFID tag or the LAV software the weight of the itens detected,
and conpare it to the actual weight of the materials presented), or the
nunber of magnetic el enents detected (as described in U S Patent No.
5,260,690 (Mann et al.), the contents efl-which is incorporated by
reference herein). Conparison of the nunber of itens detected by the RFID
reader and thg @LUTREHI 1de] BBtad chile@nAgRttaaind biethot fethei@pisel RateqiA8ur es t hat
the nmagnetic ‘securl ty el ement s as;ocgl at ed vvlth non- BFIle]eth gggd itens are
not deacti vab@dultipietiemson plhetiops il s Hupg \LHAPFEI U 0 a speci fic
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status of th @lga?tri \Zﬁﬁ»ﬂﬂﬁe%eﬁ;@! %stqgﬁg inventive devige is the
ability to Vedsrh:nwetgheommh«mhaiowreseateph@kageuu@l?ereé@@gﬂﬁ%ﬁ‘%&“ 45i5fe itens
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and al | of thosgot ,re@f@cmrd‘rg ooopadssed! uhogemmeﬁfﬂemﬁéeﬂifﬁ‘bb%'é‘ader can
identify the case, identify each, of the ta eshheaase, and

mat ch the |dM€1Pﬁaé§”"Bé'TedF‘€‘bf)yeqﬁFﬁ°'t iP%g" PR t'é:alr(r)étegl?'rl S&O?o SEe checked out to

a patron. %?’féu@é&%%%ﬁ% 2GRS @ted VA nonmlFlroJaggddetemfaccrwaﬁﬁaéWa&‘é’ to the
contents of t

case, or that information nE‘ty' rs#%gv o tptp(gc
sof t war e and vatoesbeden pls@ byt drEes AP 2EPE |p6tﬁ°”r 5FFation fobt ai ned from
the RFID tag., Deyis §r pﬁ'\é!ié?grﬂr{é@nfﬁhbér'ofMerﬁﬁlapd’mleﬁf%Sdet(ﬁ‘m'emmfper' al s
further increases t speed with which materials gol%lqcé"gto and

out of a I|braazm;;'plf:)Thtaaf‘b!fé@ﬂi1 RErF1Rfy NPT Srfaf5t EH P F IS "e on y a single

Si gnal to the B{A‘y 3%19 Wo(?lr{%éf'&tnﬁéﬂt/Qs@fa@ié@i&%laﬁub}tzldpisemelot)emr agiedhe o
receive only HSrn signal back fromthat software in response. _22 C

Port abl e RFI Dteﬁmwfch&sqpcmpna number of applications, it is desirable to
provide a portable, preferably hand-held, R ;ID devi ce. The hand hel d RFID
device is capabl e of searching anong shel ves. bi ns, [gy( CO en 5ary
carts. It can esseﬁntoﬂarbrybcsieamlcwl\‘/\héﬂr’@\?‘éﬁd?"ﬂ“(’:‘éh""@é“yg"sef i'ohe ose

enough to t hea ;Inatc)?age or dse h%vn?pf\pﬂpyhgn%s indentd fiyh-Ro medré 1 pl Ia)rlet(:ampﬁe that are

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 identties
before permitting the materials to be checked out to a patron. The RFID tag on the case
may include the information as to the contents of the case, or that information may be

stored in the LAV software and accessed through the identification information obtained

from the RFID tag.

Devices having the ability to process multiple materials further increases the
speed with which materials may be checked into and out of a library. The device may be
adapted to transmit only 2 single signal to the LAV software system to process multiple

items. and to receive only a single signal back from that sofiware 1n response.



within the range of the device. These and other features make the inventive
portable RFID device a valuable library tool. For sinplicity, portable

RFI D devices will be described first in terns of their conponents and
operation, and second in terms of varjous useful functions for or nethods
of using such devices. It is inportant”™to note that the functions or

met hods descri bed herein aEE egually applicable to non-portable RFID

devi ces, and tha t hods descri bed above in reference to
hon- portabl e RF%Q ARWHEET appiRa®Ingl il B EdsiatAPP| pr&add £pdr@blpartfadable RFI D
devices. The different functions and nethods have nerely been grouped
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er)

(such as an rea atter ower g{fp . Sone unlts may al so
include a botsblé Mﬁbdavpbﬁearabmﬂumpa%caele teporieblg &FLR deiees.. The differgy al so

contain vario feegpnae& aSVaet IR n{yﬂ&@&éf&%’eﬂ% eln9fh th@%@%fﬁp@) 8evillespl ay. As

descri bed alg‘b T Here are a nu ns for transferring data
bet ween thendmlﬂeh&bdjtocbenfbwetha!rfdncamopheﬂhq:ﬁr ocessing station. A docking
station approach can be used to upload or downl oad data, as shown in
Figure 14. This nethod could be used, for exanple, to upload item

i dentification lnfornwm_mmmﬂghambmm#mzsffhend t hose
specific itens. Anot Qe )¢ W ng a
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manufactured by Texas Instruments of Dallas, Texas. Memory, preferably in the form of
a computer, may be provided by, for example, a “palm-tap™ or handheld computer
available from 3Com Company of Santa Clara, California under the designation Palm
Pilot. The portable computer may include an operating system, a touch-screen display,
several buttons for developing user interfaces, a recharge station, a docking station 1o
transfer data between the device and another computer, one or more ports to connect
peripherals to the hand-held device (such as an RFID reader) and a battery power
supply. Some units may also include a 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 transfernng data between
the hand-held device and another processing station. A docking station approach can be
used to upload or download data, as shown in Figure 14. This method could be used,

for example, to upload item identification information prior to performing 2 search to



anot her processor, or in any other manner suitable for transferring such
data. One such exanple is a Spectrun24 wireless LAN system from Synbol
Technol ogies of Holtsville, New York. Systens |ike the Spectrunk4 all ow
nobil e users to wirelessly comunicate between nobil e devices and | ocal
area networks. For this operation, the -2hobile unit will typically include
a communi cation conponent to support wireless comunication, such as
Synmbol's LA ﬁﬁ@gnoW£ eLifs fRerth\MREheCaxahnpleTheldizdp dpwolead daseldlgyVing Ae device i s
designed both to comunicate the staéus ofl sear Cﬂg{‘]ﬁmk%gldtbg al l ow the user
to enter dat aolleeroref gsdl havedget e Y™ S P ERT n e device anmpng

various search nodes, fsrbddo%ﬁﬁqg&af'& dalidsiapreghaid ﬁ‘nrél@ssa)r tabddd c{%ba‘éxarrpl e to
check out an'TPeM o o put an itemon hold
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described bel Qi faka08,, a6 £6galbolis LA mmw:aess 1tAN 8¢ dtasths in which the RFID
device nust interact wth a separate conputer, database, software system
and the |like. The software can al so provide either limted or ful I -range

capabi lities for dl[ht@gacfelf&%é 805cc6f detibyed bytheo desopiibredthheees A as

desired. The hand RFi D device al so preferably I egral
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A particularly useful embodiment of the hand-hetd RFID device is a3 follows. A
hand-held RFID device is provided in wiich 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. 2 number of real-time functions of the type described below can be achieved, i

contrast to systems in which the RFID device must interact with a separate computer,

database, software system, and the like. The soflware can also provide either limited or

full-range capabilities for supporting functions of the type described herein, as desired.

The hand-heid RFID device also preferabiy includes an integral power source, although
it can be tethered to a larger power source of the type that might be worn around a

usér’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 (o a docking station. When a

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



provi ded by, for exanple, a trigger associated with the device, so that the
el apsed tinme for which power is required for the RFID device is mnim zed.
The reading distance is a function of nmany factors, but is expected to be
bet ween 15 and 45 centineters (6 and 154 i nches) given current technol ogy
and the likely frequencies at which the system would operate. In sone
applications, it may be desirable to restrict the operati range of the
devi ce so t When ¢onnesigdytoithit Eckipg iy ‘PFW@%‘H@L“&%@BfﬁPﬁH“%% 1‘na%i tems at a
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separ at e darPBHKaROns; ‘?m%%%pre?gg?ﬁrrgsg&é% oglgjs]ult ?%‘gs(z Functi ons Met hods, and
Appl i cat i ongangth® peanididagdrdoftinkibls ceniioefraf thetbettpy eakntThe rrdmreeiltan be
used for a nunber of fupctions t hods, and | LAl i Qng heiFgbUYs ng the
fol l owi ng. -2¥8 WH@“FW‘EH’E TG SN S 20 < B ﬁwclal\??(%go l‘g{g‘r{tg}artilétu_l ar fJEsef ul ness
in item | ocabia@eto theQimt@xanpbiouldibhepitevitetihentt cabangs, dateamveighinandy

ocat e, The lgreuisrerB ey EXPTeE SEREReRS] e (l e T b S ored i o
reserved menBiibul RERLIEPENIY ehfigorkardielod tsopapiduiar apphigatioh éor thaddsHicEf i er s of ,
for exanple, itens on a shelve were read by the RF reader, each woul d be
In operation, a particularly useful feature of a hand-held device i1s obtainung real-

time information regarding an item that has been scanned by the device. That 1s, the

hand-held device obtains information from the RFID tag, and either immediately displays

that information, or immediately displays information stored within the hand-held device

that is related to the tagged item. This is in contrast to devices that must be docked with

or otherwise communicate with a separate database of information before that

information can be displayed for the user. The hand-held device of the present invention

can also be docked or can otherwise communicate with a separate database, if such

features are desired.

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

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

applications, including the following.



conpared, using standard software routines known to those skilled in the
art, with the 1list of itens stored in nenory. When a match occurred, the
device would then create one or nore visual, audio, tactile, or other
signals indicating the presence of the item One application for this
function includes locating itens that &b5e believed to be missing. A
library typically maintains a list of mssing itens - those itens that are
expected to be ifhc?;ﬁl%m'i\je%ﬁdh)ﬂd RFTD dedacerins pieciousduingy ndsinP&ading t hose

mssing itemidentifiers to the hand-held device. dhe.obaralsho can pass
the device bForiexample aheideyise 4pd bwaﬁa@weméﬁ seEe ‘ﬁi‘%fé?“ﬁd&igr?@ém s

encount er ed. _Another ex L S,bis [PEakE THemTut Rehifate embtdesiedcul at ed or
been used wi £HIAR ETS I%{n@}jﬁegm @FIE%? nont hs, Agg]i n, éhﬁ identifjers of those
i tens coul d Ren dewalbeaded it o resthiel hemely skupndethed@ndhsld BB Ehi Ny’

Al ternatively, the circul atjon count De..8| HeatnRededice@cibyid b t he
menory of t hisdensfiers qf .re’iaﬁ‘Plehil%mscoé]geszﬁdtgﬁgerhar?d-keld devi ce do&s not need

t o downl oad %MR?:M' 2sifd amdanabhesre eanmpestl@pws ysthesn slafigé nHAHL ARTAPE devi ce

only conpares | D menory data tQ, establjshe i d &vicd wald (RnQydatke s
f eedback t olistieéitepereied " BHRYY %ﬁe’l?\@age %Cgﬁgcc?j df)%r ameters. Anot her exanpl e

of where datg_can he &iiheticdownt eaded: fdgomiaidaiing de presaeac! Bade™ o the

hand- hel d or obtained directly fromthe RFEID tag | - the hifs@i@s i n the
library that Omwgplh@fﬁmb'@%trﬁlsélﬁt?&%b'ddﬁf? Foﬂa‘l"\gé'temé& a|5 ?rgtr?ghelﬁ%tc[%checll?e -in coul d
be obtai ned %Qar&gﬁ:gcaﬁ}omilnﬁﬁagﬁ(ﬂslto@mﬁs!é‘iﬁg hand- hetdiaeuhat eresrpacttd (REED t ag

a r

coul d mai nt ai l'ocation to indicate the check-] f an
item Wien tHetHaRbdry, kgt mb?fouﬂ%cﬁﬁb‘%{’t@éﬁsﬁ%”E?ﬁ%@f?f’f‘%ﬁes{f Q’Eﬁiﬁhﬁﬁé

hand- hel d devi c S, {10k, BEE R 0 PO paR LR deki@Em Bite mseant @bral feadbicklyd e 2t o
performthe s'?ﬁ‘f'qugﬁ‘%a{hﬁrgﬁ gppl ipcati on of obtaining matching data
directly fronmikdireg iffRTiDet@gniegdt o | ocate itens that belong to different
library buildings or to different library systens. For this application,
the owmning library is preferably encoded onto the RFLD ta Tihe

hand- hel d devi ce areritesexampicoperiagasrteqndit haya "EF B Y Oﬁﬁeﬁugg&gﬁfez} ent

owni ng library code is encauntered,. Jhgshaadmbelignikbid B6ddevoaied toul d al so
be used to def¥THRUAEE %f‘samov'\'nﬁ}%h%gﬁe‘ REED devi ce d,eslﬁri bed above. whether all
menbers of a @gehamifhebdeick &irecirihingmAligimatisheds SECYPPELRER “as with the
tapes in a books:-on-tape case, | (D 9aYd OB (it cdsbanphiaadanld devivent i on
coul d al so be™3giipet S‘TV@VP?yC?"ﬁé“-Bg’re%-eal‘rz ¢

does not need to download any data from anothe
mory data to established criteria and provides feedback

r computer system. The hand-held

device only compares RFID me

to the operator based on the selected parameters.

Another example of where data can be either downloaded from a library data

base to the hand-held or obtained directly from the RFID tag is to locate items in the

library that have not been checked in. A list of items not checked-in could be obtained

and then downloaded to the hand-held device or the RFID tag could maintain a memory

location to indicate the check-in status of an item. When the RFID tag memory

indicates the check-in status, the hand-held device does not need any data from an

o .. -
external database to perform the search. A natural application of obtaiung matching

data directly from the RFID tag is to locate items that belong to different library

buildings or to different library systems. For this application, the owning library 15

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



of materials on a shelf. In this node, the device is scanned across one or
nore rows of itens. The device reads each itemand indicates, to the
operator, which itens 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 al gorit¥ms include: Dewey Decinal order,

Li brary of Congress order, and Author last nane/Title order. Other net hods
of sorting, cﬁsncdeétﬁdmdmhsbg'met&(ﬂmninttmamw thealt i Dysiggiss fsebedaber net hod of

establishing shelf inform s to $SOci t | ocati on,
Shel f | ocat ivishes athmsmY %E%Dt[s?)géf’ ﬁs?ciﬂfﬁ% §m§a% ?%%?&9% taeq% Wl)]& ghrej/la fesires.
For exarrpl Gn 2 BoOENG@pe &BEI f | ocation mght include all "Adult Fiction

titles." A nore specific shelf location mght be "Adult Fiction, Authors
AA - AB." In the preferred enbodinent, the shelf location for an itemis

encoded directly '%h@ RFS dgﬂ&ftlﬁgpré‘%‘%ﬁmﬁ%nu&%outd%b be LSMto Atrify idexdeng syst em
may al so be used to save menobry, so that a short code nunber is used to

i ndi cate a siferdieratomtaisbelf. Fahis mraspicalevichis sPAIREECTORs RS Ar oTs B &lent Adul t
Fiction, the nunb[ﬁlggZ .cou q%e 8Rl.88 aﬁ?gndﬁcg?/?q LR opkGlok Qthichaiehs 9@ @p. The

armount of meHdPy §&Y "t store a ocatl ons depends on the number
of 1 ocati ongelkd fiithe ébrﬂettbdiraéryAsArpot teer derin bidiapassg tojtks shefvisp AP Whe desired

shel f | ocati on froma | jbrary database and th ocati ons
as part of t¥ d by HisdPery %f ”Hé’%/ '0“%68”?[ W&"rﬁgngo%epé‘:&gew gggl%g%&ﬁyems are

associ at ed wWhthma &H@IIjlbrlae,ccﬂ‘taomglmsslbydeelzinheruthetalsmdmaﬂmp@rdttrh@theoper ator can
use the hand-hel d device to |ocat that are.in the wong | ocation.
Two proceSS|mglhﬁ@}‘t?féa%‘“&e?ﬁdﬁfémﬂ‘é"é‘ YFB%QE’I'@ HHROSWHFch shel f | ocation is
currently being processed in order to search for itens wth non-matching

| ocations. In one enbodinent, the corrgé& shel f. Iocatlpn IS, obg aj ped by
readi ng several REMD Fghosrid esppdislingssheIE BapatiRndt AN RY aggfa to infer a

| ocati on. Fofocﬁgﬂ”@har1&&.&?&&%@%%@&% 6€as g@ﬁaﬁﬂ&s the (iptatyaieniraauiler of t ags
that are indexed to the Adult fiction area, ce ca (&gram’red

to alert theeaswie asersrahoieifApralion pight peydsale ﬁ*ﬂ”‘h\gé“"é‘ﬁﬁ]ﬁﬁn?ﬂewgﬁ SB? L7

anot her enbo NEnl BT RRN FRESE 0%k O8ALI AN tIRge presetcddhe shel ves or
ot her | ocati grlﬁgﬁgéaumﬁ)e%searc gd 'Il'hese | ocat i on t ag Sﬁ%éﬁr[él rst read by the

hand- hel d deembadimentj thelshsHtecatiomiat ansitagsie §UroAee §EeEHE™ ABRTE Dl ong to
that locatiop and:an ah§hdexing sPleMVhslefoMi8Red to save memory, so that a short

code number is used to indicate a shelf location. For example, the number 1 could
represent Aduit Fiction, the number 2 could represent Juvenile Fiction, and so on. The
amount of memory needed to store all shelf locations depends on the number of
locations within a library. Another embodiment is to obtain the desired shelf location

from a library database and then download those locations as part of the transfer of data

1o the hand-held device.

When items are associated with a shelf location, by either method above, the
operator can use the hand-held device to locate items that are in the wrong location.
Two processing methods can be used to determine which shelf location is currently
being processed in order to search for items with non-matching locations. In one
embodiment, the correct shelf location is obtained by reading several RFID tags and
heuristicaily 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



a msmatch occurs. In another enbodi nent, the hand-held RAID device may be
used to enter data into the device as to a specific item That information
may be either transmtted imediately and directly to the LAV software, or
may be transmitted subsequently when the hand-held device is reconnected
to a docking station and downl oads the2i-nformation to the LAV software.
For exanple, when a user takes a |ibrary materi al L&om i tamwle?ag%}n_fi':on, t he
user may input the new st fodche" antibiclags” iontle shéecsPARTE | D
devi ce. Becéugxgertembgsaf“ﬁ?toﬁl%rgtg'}agnp nust_ be gnt @r gd 4 i Pad e (A¥caOT tvar e
eventual |y, c}iﬁoe SAVES The lopepatags areifing 1428 PhE 486" 10 mdi;;tg Féhi s state
directly and imedi ately as t iobd1idg andndni dierd s eragdeE We8e'can access
an L. AV sof ttWarS@bSS%f"e‘Fﬁ”Fé?%Sﬁ(gL{?c?éﬁ?%g;g%Mg'ﬁot her embodi ment, the hand-held
devi ce could be used.4,@ provide additional information about a specific
itemonce the Ttem has been obtained and its RFID tag scanned by the RFID
device. For exanple, library staff may collect materials, that darbz‘ive been
used in the Iibrar %{1 Dtﬁg}qmgg@me.ﬁhﬁéBarﬂatckelrliraDsieefFetWrbet”ée%‘ﬁteaﬁch nor e
i nformati on about %at mat eri al . (whg, | ast c]genc Qelclih@Wansni@a of ten has it
been used) Ofnto thodgiames thea $ssify 1t O U "E dat abase t hat gener@tq\s;
statistical prof ia:ESED{S %fdiJeELth?E% PRy edfivake, otimage:, traosmiied FULSAHEM 8 PEIFAL or
si mply r eads pRE! B ags ‘of the itens as th.ex a&%wn‘?&%’di get@shnfatiem t he
various | ocatjedasd-hddd fdveels foscansEtest toRP g $RY" {ier ‘e used.![Asﬁ(:gtens are
coll ected, the operatqr ca i.Ngli Bedfbl0EE ibreryenatfres! 1o was
col | ected by tBEFf é‘t\’??’i’g‘wafer @%?lé’aﬁplset d{g?]aﬂlt ocat i ons, gn%g@_ﬁ&gd Jrpcation code
or reading a;d,Q&satHesermialy Dhpliagt newmatats 8f thg aigE i B "W t hat Iimgs(;ati on and
woul d preferably be affixed to or ihi8 Gitl Aon soffware ¢vgnya , the
| i brary st af fdejige. &ﬂcéUSFH“%’BEOQT‘%'OQgB?ﬁeo%EI@%di nf or mat | O:?' about yhere in the
library such Ouk e Gksonee wisedble wlindsgapsahic gialeytir ety 2n¢ Eirs used in the
library are first = placed on a book, GAbds orf 0KV eatigpe sictrtiembithd- hel d devi ce
coul d make a evippgH& FASEE WP PR T fens on the cart to record them The
functions described in this paragraph are referred to herein as
"sweeping." -28 The benefits of. a h - he LD leMiecasediroeproradrer ous, and
i ncl ude the abili tlyY%‘@“Otpﬁfﬁb8d‘i11€gh§@ﬂ%’traglegiuﬁkI y aHd accur at ely, conpar ed
to reading eagﬂitfgﬁillinmgﬁ At 4 sptebi6e it opRcithegtFE hag né)glalll S "'lget
close" to desired item quickl nd the 110 € b f/BREBT miDdotiect hratakly t o
| ocate item oRFIMlﬂSISW‘?% Rylige %‘B?’I ‘%tv'f/:e't gor%iﬂiglé{]y. i denti f?[xir.t ens,. mat ching a
that have been used in the library, and scan those materials either 1o Obtain m

i ; } sed) or
rmation about that material (who last checked it out; how often has it been used)

! f . .
s al profiles of library matenal

10 provide ‘nformation 1o a database that generates statistic

usage, or both. The operator simply reads the RFID tags of the items as they are

ions i | ) . As items are
collected from the various locations in the library at which they were used

1 i by selecting
coliected, the operator can also indicate from where the items was collected by

| 1 " [ Tag" that s
from a list of locations, entering a location code of reading a "location RFID Tag

ation. In
associated with that location and would preferably be affixed to or near that loc

.. . . _—
this way, the hibrary staff is able to obtain additional information about where tn the

i if | i i first
library such materials were used. Alternatively, if items used in the library ar¢

e the hand-heid device could make a single pass by the

rt, for exampl
placed on a book cart, P -

items on the cart to record them. The functions described in this paragraph are
ite

to herein as “sweeping.



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. Q her
advant ages include the ability to enter transactions directly into the

hand-held unit when itens_are the abilit |f |tem
wi t hout having t bhekeapityo F’"g:Bag?%fg%vy“&%@meﬁ%‘%ﬁnﬁ ms‘::ﬂlgg hee a‘&h tém such

as aut hor, Wht%'n%@%r&&thdmmm&fmm ?%n’&ﬂﬂﬁ:da@tdaﬁhyeicﬁcdmmbm orsitief B gi ven
itemis sonewhere on a , on alibrary cart, in a bin on a table or

even in a pitom lteﬁhe@ea‘ahd1@)t£‘r¢é¢'°@d%¢ﬁ%€g§’é§m WiaklY 298 thep SETURR S t hose of
skill in the art lyqf)tl&ﬁte(f el Find s?eif%a%ﬂn}‘%rq%ﬁc‘ﬂiy iP&EBARMs Aarcaindianary ski | |
e

will recogni®& vh% itens recited coul brary materials
(includi ng bpekset opertitediiiaalnst chedgd et mat@hm@mem@alcmuﬁééi' gluegrfdc-the | i ke),

or could be other unrel at ed. mat eri h kaogs, letters,
pai nti ngs, éi‘%ﬂ‘ﬁﬁb‘ﬁiﬁgﬁg{)‘i’@ég'f‘“ Al afE-sPe Y a% Eﬂd e m‘g?ec‘ﬁﬁfa or any ot her
itens of vabyeet locdforopihBRemsl. This \n@ﬂmmdumnqzrrsomeslsm n@elcalgsreﬁ!cof associ at ed
items each having an RFID el epent, conprising,the ste

i nt errogat i KelesHEMbGRE LB t%{;{% afgpni3Bd Crl}"f gﬁbf‘lﬁé’f iooeﬁlef)ﬁaqqgcéﬁgﬁ%; t he
identity of dlrEckJ% ihtb @Y habdLhelll DRIEWRQG RIS l@@ l@dateRFdhE)aah@mtemmﬁhat itdng associ at ed
with the set of "associated itens; (c) ing the.informti on. obtained in

step (a) wi twithohehavingde sap # B3 CB%%%“‘%‘?éﬂt rﬂar DY BT ¢ Sﬂ‘g‘taéra‘rﬁ ne whet her

the associ attﬁ"lg h{i gz{fsr!uﬂ'(b@r MdQE@ﬂiﬁglJ&%ﬁm@ffa g2venTthﬁ ismb'trh@ﬁbrﬂfan elaiml1,
wherei n the

further includes the step rféh Wgte{_ﬁ (p I whet her
ot her itens sa¢1é Onﬁélb[me@ﬂvmntawift Héaé\%@dﬁl‘*‘é‘i"é’éia?'t“’e FEVAbPE enber s of

t he set of 26t 1B of Sall ikRge Bt hod of claim 1, wherein the nethod
further mclakﬁi %ghﬁe tsoetp £ c)l determ ni ng whet her any of the associ ated

itens are mssing fromthe set 4. The nmethod of claim 1, wherein the

method further | % kh%q:%ﬁnstarbﬁen%gfperm), ;(ef's))ns of ordinary skill will recognize that the
items recited could be library materials (including books, periodicals, magnetic or optical
media, and the like), or could be other completed unrelated materials such as packages,

letters, paintings, electronic devices, animals, automobiles, bicycles, or any other items

of value.



perform ng a nmagnetization operation on nmagnetic security elenents
associated with the itens. 5. A nethod of processing nultiple itens each
having an RFID el enent, conprising the steps of: (a) presenting nore than
one of said itens to an RFID reader; (b) obtaining information fromthe
RFID el ements approxi mately sinultanggusly; and (c) using the information
obtained fromthe RFID el enents to determ ne whether different types of
itens are anong the itens presented. 6. The nethod of claim5, wherein the
met hod fuﬁm%: i ncludes the step of (d) providing an indication to a user
that different types of itens are anong the itens presented. -30 7. A

nmet hod of processi ng nmultiple itens havi ng an RFID el enent, conprising the
st eps ;. (@) iLens RFI reader; (b)
obt ai ni ng i nf oﬁ%?qﬁogin%tf Forn EES%QF—S?%S ﬁlager?gr? sgg%lrgl?‘él)r(l ﬁ‘:pel & gul t aneous| y;
(c) det ectommisingehewtapbef: of RFI D el enents presented; (d) automatl cally
PRt R R R R AN T el
per f or m ntheatam; appr opri ate nagneti zati on operation on nagnetic securl ty

el ements assoc ted th t he i r eader .
retnod of oi o 7. infseaedriin 87 BenBl BREaRE MG lF e A pTRRTRY o
dat abase ittt i ncl udes |nformat| on as to the itens presented to the RFID
reader. 10 A hod of nul.t i ite g an RFI D .el ement,
conpri sing thrTFét ep§°MIB ?’5)’“ %?‘%é‘%%?‘?‘ﬂﬁedﬁw‘sp {‘T’Egﬂgﬁﬁ SFHIRROFRBYE to an
RFI D r eadarstep((b)to demiing W@etheﬂﬂﬂl’aimtlhtedhltémm praenisfFtdgedbrenent s appr oxi matel y
si mul t aneousl y;

2. The method of claim 1, wherein the method further includes the step of:

{d) determining whether other items are included with the associated items that

are not members of the set of associated items.

3. The method of claim 1, wherein the method further includes the step of:

{e} determining whether any of the associated items are missing from the set.
4, The method of claim 1, wherein the method further includes the step of:

(H) performing a magnetization operation on magnetic security elements

associated with the items.

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

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

(b) obtaining information from the RFID elements approximately

simultaneously; and
{c) using the information obtained from the RFID elements to determine whether

different types of items are among the items presented.

6. The method of claim 5, wherein the method further includes the step of:
{d) providing an indication to a user that different types of items are among the

items presented.



(c) detecting the nunber of RFID el enents presented; (d) displaying the
nunber of RFID elenents detected to a user; and (e) permtting the user to
direct that the itens be processed. it. The method of claim 10, wherein the
processi ng step conprises performng an appropriate nagnetization
operation on magnetic security el ementg_associated with the itens

presented to the RFID reader. 12. The nethod of claim 10, wherein the
processi ng step conprises updating a database that includes infornmation as

to the it ens pﬁ%ﬁ&ﬁ&cﬁcﬂ' p}ogestsiiﬁg nﬁﬁlp% iEeﬂi%%g‘;ing an RFID element, comprising the steps

of:

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

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

{c) detecting the number of RFID elements presented;
(d) automatically processing the items when only a predetermined number of

items have been detected.

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

presented to the RFID reader.

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

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

10 A method of processing multiple items having an RFID element, comprising the steps
of:

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

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

(c) detecting the number of RFID elements presented;

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

(e) permitting the user to direct that the items be processed.

11. The method of claim 10, wherein the processing step comprises performing an
appropriate magnetization operation on magnetic security elements associated with the items

presented to the RFID reader.

12. The method of claim 10, wherein the processing step comprises updating a database

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



