-1- APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS | NCORPORATI ON
BY REFERENCE 5 This patent application clainms priority fromU. S. application
serial number 09/134,686, filed August 14, 1998 with the sane title, and
U.S. application serial nunber 09/344,758, filed June 25, 1999 with the
same title, both of which were assigned to the assignee of the present

i nvention, and the contents of both of wlich are incorporated by reference
herein. 10 TECHNI CAL FI ELD The invention relates to applications for radio
frequency identification (RAPPLIGYEIGNS FORRABIO KREQUENCY t he use of
such systens in libraries. 15 BA ND OF THE | NVENTILON El ectronic article
surveill ance ("EAS") systens detg&ﬁﬁﬁi%FBQQEBQE%SXSTXWﬂsI el ectronic
devices placed on or in an article or carried by a person of interest, and
are often used in retail or library environments to deter theft or other
unaut hori zed r enovaECORPORATI RE evices, which are commonly known

as tags or magkers, havﬁﬁ%tch%ﬂlﬁgi&%ﬁhsﬁﬂ%ghpﬁq‘[.)gQh%ic&tﬂﬁ?%h@& regarding

the presence of an item I'sS rhtormati o tal ne

el ectroni cal |y i nt 8P/A3GeR6; fed Augusttl 4 99%withhthe sama tidle, ahd U Snapplicatipn serial
continuously. At | qagler h61sd4, b SHiddNGrle 25 Y1998 whl thE-CumeIHi8 R For DA wer Qlsibhth Over
the years, based on how this interrogation was carried out: magnetic,
magnet onechani cal , 9 e pssigngecéthe argeapt inyRRYon, zpd therpprtedpefibeth cfphichege f our
magnetic systens hawemBfaQd bfRebrdnbehedem, Ni ghest level of security in nost
applications. Magnetic tags are easily hidden in or on an object, difficult
to detect (bdBause they are | ess susceptible to shielding, bending, and
pressure), and easyecemaEACEIRIM € and reactivate, thereby providing a high
degree of security and _sonme |nformation regarding the status of the tagged
article. 30 Many users e imamios yelates i anglications far gadichirauensy identifigatiop R het her
a tagged object i SysnBSHRpartidiAY icthSe WARE dyQedkdinVibrifisCh tagged object is
present, for exanple. Detailed information regarding the characteristics of
obj ects, such as their date of

15 BACKGROUND OF THE INVENTION

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

electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter 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 evoived over the years,
based on how this interrogation was carried out: magnetic, magnetomechanical, radio
frequency (RF), and microwave. Of these four, magnetic systems have provided the
25 highest level of security in most applications. Magnetic tags are easily hidden in or on
an object, difficult to detect (because they are less susceptible to shielding, bending, and
pressure), and easy to deactivate and reactivate, thereby providing a high degree of

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

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

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



manuf acture, inventory status, and owner have generally been comunicated to
-2- automated handling and control systens through an optical bar code.
Whi | e i nexpensive and effective, the optical bar code system has certain
limtations. Bar codes nust be visible, which l[imts the |locations in which
they may be placed, and bar codes can easily be obscured, either
accidentally or intentionally. The range "at which a detector can sense the
bar code is also conmparatively small. The bar code nay al sQ have to be
appropriatel y %gmtg@ rrdlinecind saptert pystsrs “m%‘ anigRHcH, 4 Cod WBMGEBEEVE { on
exposed to  pefiyidfettfleSht bfibal §0 Coddaye@tiRas cBriAM BRRohd | Bur tOdd AIBAR t hat can
result in detection failures. Lastly, nultiple itens nust be processed one
at a time. Thegsbleowbiel limitathe lpcatidpnin whish sheyyay dnplagedk anditmepadgnerasriilibl e or
inefficient fof, &%&ﬁeégﬂﬁérs idchtkfy msilz&%flio‘ﬁﬁb. L Kin Qatldgt?{hadf'&’etésﬁaq'cﬁl Mor e
recently, electronic rdentification (also Known asS radi o frequency

i denti fi cati onseose tRe-b®)codeis atsdp qoreparitiashe sthale Thd deredodp ey dlso lesteltceles t he
limtations of _optical barcodes. RFElID systens have succegded in.providing
obj ect | dont | (IRERHTBIE DRt IckGor A4S, PE et Fodf F RS GwPH R, “obi ect
security becausemitiigtectn| (He biebéyis suscpabiateddnagt thegias Reylt madegeson - 1 MHz and

above) in which.the tag is easjly defeated. The security deficjency

associ ated wit '\ffaﬁilo“?wmf&ﬁwwsaw *&rnfg@éseéea%ﬁgélntehJ§)E%§ﬁnsbrélnts' hi el ded"
by, for exarrpl@u_cs@a/@gthmgmamhte,agncwsﬁ:almea)rmmieaffoaémd?mmaﬁwsj sucPis even
placing the tag in a_book. Even battery-powered radi o frequency tags may be
bl ocked, al t hB#&edRERY Mpditge is superior and bl ocki ng woul d be nore
difficult. Thus, objects tagged with an RFID tag may escape detection,
either inadvertently or intentionally. This greatly reduces their

ef fecti veness as sddoreiresenidip eiectaanic ifgniificatran kadsoknawe agiadio frequengit ed to "smart

cards.” Both ¢ AN R ed
comerci al app %g?%tboﬁs? g@?&@g@%@ﬁ%h td %\%[S)g‘?%@ga\ggﬁegsp g%%%q‘ﬁhsgbfspeci fic
person rat her optisalrbavgotiés. RFIDiggteohs bbi eatceeded supesvidiag oljedidentifichtenseduri ty and
tracking of t r r (ar. of .th erson.carrying i I imlar to
t hose di scussggaczﬁ;gvéemg%r&%&#%"ﬁ&) wélpgf’tﬁ léecéjggﬁ)re i f’/e 'lg%séil}%a:[sﬁ?’stse(%)’éi ated with
RFI D mar ker s asperaé im fregpency rangesse ] Midr anil aboviepin vébivhometag lsiekdilpdefeated Tbe art  of
radi o frequency: } ve-h d_E ., Substant i effort has been
expended in at g‘ﬁr‘%pge 6e%§3g¥n¥§%ﬁ$atffﬁ\gﬁ] 3%?0 Fé‘%g?yetggso Q‘?Sa{:ﬁlcagseatlhey CanBe

“shielded” by, for example, covening the tag with a hand or aluminum foil, or even

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

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

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

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



frequency- and m crowave- based EAS tags. However, none has substantially

i nproved their performance as security tags. U S. Patent No. 5,517,195
(Narlow et al.), entitled "Dual Frequency EAS Tag with Deactivation Coil,k"
descri bes a dual frequency -3- mcrowave EAS tag that includes an antenna
circuit having a diode, and a deactivation <circuit. The deactivation
circuit responds to a |l ow energy alternating.magnetic field by 1inducing a
voltage in the diode of the antenna circuit so as to disable the di ode and

the antenna, thergbwd@agAs g ihatigchiddCantan@nnadlréuRMeghp 4166deUind 2 Qleactiviien

applications, the .ca i tor-based tag disclosed in rlow et at. | eak
elogct rical charge %wﬁaﬁ}eﬁga,cnvw EW“‘&%EH"B&é%ﬁE”é" PHEY ?I\@G‘a{"lﬁ Beetiirdeddy i vat ed

uni ntentionally. Raaiicm%fmewugemw cﬁﬁlsomgmelsﬁ% &ifeait §oy/aato masnkllemehﬁuthbhs.

Pat ent No. 4, 745, 401 ntean et al.) inglu a netic enent. The
magnetic el ement ate@p% Migﬁ’gy Sﬁﬁlvﬁ‘ﬂ’géh"?ta& Hﬁ‘hf"‘éé “ﬁ@g?gis?mﬁaapgﬁ%ﬂ‘@ﬁ’ téﬁi tably
magnetized by an aGeaReCHayeddaydikRsedanNarioRadt bMayitMGlebtricdl bl&r&fe&démﬁer equency
response of the tag, A”Q%”%Q t hese ta%s have a certain utility, they still

do not address theVieeou e fRgiR ROl tiyaied printeationdlyng i f i cati on. Radio
frequency identification technology has been devel oped by a nunber of

conpani es, includin torala/lngala (s U. S, Paten nber 78,880 and
5,565, 846), Toxas "hst Rafle f@wwﬁs&%f Beber GRS ?ts'zﬁ*f%gaf%‘ﬁ?a

oo nor 10 B, e e e g
at ent Nunbers , , . , 074 5, : ; 5, ; , , ,
CSIR (see Europeant® %é@%ﬁpésﬁﬁ‘?’?ﬁ@@ry@‘awﬂzeﬂ%ﬂan’esﬁ?%%‘ci’ﬁgﬁﬁe&bﬁ@g% 6221
Al ; and 0 615 285 #e}adio fiegiMdntseohde Of thPag e AkhobkH Rk Sagbhdved 8 cetidih utifity xhéy, 547,
5,621, 601; and 5, 68@, 14311) ,ddand .Sens rnrﬁatiﬁﬁq El ectroni ¢ see U. S. Patent No.
5,625, 341) . These 948 nayaddigssthejspesofenhpiced sepuuiny anfIfeRtificdfiont i i cati on wi t hout
the need for a battery. They operate at frequencies ranging from 125 KHz to

2 G The o L ROHEnS Rk el S R S T
bandwi dt h constrai cmmgniésnindading' Mubmla/lnda;a_s(kee BS. mmﬁmmezts Iﬁ,éS%ﬁSOrmd kers _
general |y operat e ko RS B BN Ghut s  d Prcggton
manuf act ure. At hi Niikeen/Philipe §ersicanidesqrs, Stngle iChipl Slysterds3 sés ). 3/ HatentQhfnbdslz, and 2. 45
Grz), the added bapgy QN 796 074; 5,095 362; 5.296,722; and 5,407,851), CSIR (see European
document numbers 0494 114 A2; 0 585 132 A1; 0 598 624 Al; and 0 615 285 A2),
IBM (see U.S. Patent Numbers 5,528,222; 5,550,547; 5,521,601; and 5,682,143), and
Sensormatic Electronics (see U.S. Patent No. 5,625,341), These tags all attempt to
provide remote identification without the need for a battery. They operate at
frequencies ranging from 125 KHz to 2.45 GHz. The lower frequency tags ( ~125
KHz) are moderately resistant to shielding, but have only limited radio frequency
functionality due to bandwidth constraints. In particular, systems based on these
markers generally operate reliably only when a single tag is in the interrogation zone at a
time. They also tend to be relatively bulky and expensive to manufacture. At higher
frequencies, (typically 13.56 MHz, 915 MHz, and 2.45 GHz), the added bandwidth
available has permitted the development of systems which can reliably process multiple
tags in the interrogation zone in a short period of time, This is highly desirable for many
product applications. In addition, some of the tag designs hold the promise of being
relatively inexpensive to manufacture and therefore more attractive to a customer.

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



avai l abl e has permtted the devel opnent of systens which can reliably
process multiple tags in the interrogation zone in a short period of tine.
This is highly desirable for many product applications. In addition, sone
of the tag designs hold the prom se of being relatively inexpensive to
manuf acture and therefore nore attractive to a custonmer. However, these

hi gher frequency devices share to varying degrees the susceptibility to -4-

shi el di ng di scussed .earl | ey canna r h | evel of
securi 1y’ dendiane ARosse ety cph R ogt e Sk 5 dRsRSRr om ¢ he
foregoi ng di scussidedin deitaifs Aplicadiohs sedheas lisfhat there are a nunber of
applications for RFID tags in various environnents in which the identity of
the tagged itemis inportant. For exanple, PCT Publication WO 99/05660,
publ i shed Febr uafym4he fok@Sifly &OGsASS i1 GRRGH EerleQ“ﬁxQMH@r'c@Fe SNsibens; | nc.

descri bes an |nventor¥ @%sten1u5|n articles with RFID tags. The referred
enmbodi ment  de@BicHE®s fa5 @wgemaewleawé@mmm whigh he ideptpot e s28esd | brary
materials, whiigh itohBENFG cafibll QPS/65shYpuBlshed PbRIPGAL i ng the
RFID tag to deter 8 t he |3%nt| of thé naterla? FB%BV%F a ﬁﬁﬁber of

i mportant or d8% andisksgned m@heykmntévhms Ingy descitrey af iVeNPTyISYSleTRHBEN t hat  ar e
not describe i Ayt C

| NVENTI ON Theq[)drareegeni1 g&ﬁ\j/gag? i g?’]e dggffgfgjge%bfegﬁ%l%gdgggq t(?g}sém\éﬁﬁc %}%gﬁhandhel d
RFI D devi ces, uscof®FAPpags aulibray mafegrls,syhidh nhyvhends chébhet de witoestcalylby
applications us npectiQ t ha re associated with
an RFID tag, %%T%g?"%ﬁgwﬂ) tag?o d&eqm"eq-hes‘%%‘ﬁp’lozf% rl"m?reaE ﬁo%vg 3é‘\1/'fncées and
appl i cati ons af enpebetantrar estrabia hlhaxpaar blhexuh\azmor)eﬁmxrtmnserrfam thdtialerrxy mat eri al s
such as books eriodi cal s ic and optical nedia. Oher

appl i cati ons Pﬁg @%% P%%ﬂﬂ{mgm%gﬁ?wg% “UP% al so envi si oned. BRI EF

DESCRI PTI ON OF THE DRAW NGS The present invention is described in greater
detail with re : d Figures, in which |ike nunbers
represent |ike t he several views, and in which Figures

| Aand IB are SChTBaﬁrleﬁ:nﬂ .h\leuﬁarnatate@nsm d’ea:désolnﬁlﬁﬁﬂglﬁﬂﬁﬂelﬁ HEBID ddviceqt i on
t ags;

and applications for such devices. The devices and applications may be used in
connection with items that are associated with an RFID tag, and optionally a magnetic
security element. The devices and applications are described with particular reference to
library 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 illustrations of radio frequency identification
tags;

Figure 2 is 2 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 nteracting with an
RFID tag;



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

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

rvent i on descr | bedt Raru e Arln Sobe ey e B CHREROL Bl Pl e

conbi nati on RFpESemynemou, adcurity tags. Tags of this type were di scl osed

U.S. I Serial 09/ 3.1
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t he assignee gfesdnhivitiesent inventl on and was i ncorporated by reference
into the U S. application fromwhich the present application clains
priority. A detailed description of the magnetic, RFID, and conbination
tags used in cgnﬂmmmmmmpmgmﬁow the present invention is
described in Sectiaon | | ow, and the enbodi nents of the pres i nvention
are then set forth E&E’Pgwe"ﬁsﬁ?éé@f%‘hmﬂmwaéﬁwc %e’ef‘a‘ﬂé‘eéﬁ‘a"‘eé?éﬂents For
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embodi ments of the i nvention described in Section

i ncor por at e boPeredliclosad in FehtArpheatien SiahNamber 0860P3, \1/%0 §@éd¥’?ﬂtgy I?Qf?/a&dy ngl e
devi ce. They Pﬁtﬁl@_@rl%@:ltbﬁcétﬂ)%'ﬂ@%;ﬁ(hﬁhr?c@?@Ecufnt}ﬂtwﬁlél &&%QQ@-?&HY@&EO a magnetic
interrogation signal, and an €lenment that is fesponsive a radio
frequency int er¥Eaes e RIpsgPidnvention apA avap isertprated by reference into the U.S,

magneti cal | y-r W@aﬁ&h%nﬁ&l@%‘ﬂﬁ ﬁk&?a;%{n@a‘(ubﬁ@l%m&%oﬁt@t %%ﬂ@@ﬂesf:%oﬁ@fi' 0
frequency-responsive el ement. he ter responsive' “means, i1 n the context of
the present i Hhearaghess, R¥IRaend mbmammtnss ysedini cdajynating viith |ﬂm Elmbedlmmaﬂffmt i on
when subj ect ed t a dual
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combi nati on t agresehsinwrition bv@dhnmc'afpphmehta,ﬂ i Bestion I1, below.

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

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

element,

A._ The Magnpetically-Responsive Element

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

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



enbodi nents of the present invention described in Section Il, below, my
include either an RFID el enent al one, or a conbination of an RFID el enent
and a magnetic security elenment. A The Magnetically-Responsive El ement The
magnetical |l y-responsive elenent is preferably made of a | ow coercive force,
hi gh permeability ferromagnetic material, such as the material used in the
strips sold by -6- the Mnnesota M ning ard Manufacturing Conpany of St.
Paul , M nnesota (3M under the designation "TATTLE- TAPETM brand strips.
These stri ps, dhe mmksma Meegvn iMmpfactaneg Cegeny dsd. Paol, %msm (3Ex vnders

assigned to 3Mth cpc% ng']‘%’f‘l‘v\k ]ﬁﬁ&ﬁifn‘ !)\Igédst? 321' esgjsg'lys al’krtl,9255 3 747,086

(Peterson), the CORE are Pncorpora erence &b ei n.
Exenpl ary | ow caefede!scmﬁd imdecaal paiegh apphe@BiM, iitciuding U, Brmgsmers: spaterl al s

i ncl ude ernmal | o a ni | /iron allay) nd er f or man anor phous
netal s sucrz) h as ({(H&é) aﬂﬁé%?&ﬁ Q)efefsﬁ?m f%éo?ile'f‘f @hdgﬁ%}% '“@fﬁ‘ﬂféﬁggﬁf&o i stown,
NY under the dfb%ieﬁﬂﬁkér@;nﬁ?/ Jd\aat&lr@& f&%@ﬁrﬁghe}ﬂaﬂn%tuglfa&n%mmaiféaﬁls include

magneti cal | y-responsi ve be either single status or dual status,
dependi ng on twenﬁ*ﬁéﬂpuiaeméqemrwﬂav)s P'@mwffﬁmwmwwi@uwetﬁbmc i25 thes&s oci at ed,

For exanple, fé‘é‘{nfa@l'e'?roﬁﬁin@Aﬁi@Sﬁ &?%ﬁuphﬁ} dfMUrﬁ{ténﬁr? NY EndePthe UQidigidns OV ed

fromthe library, an us a srngle-status (non-deactivatable) marker woul d
al ways i ndi cat Metplas %QS%H@W%tglabgHﬂApassed within an interrogation zone.

O her articles, such as coomon library materials or comercial goods, nmay
require a dual -status marker assenbly, so that when the article has been
properly processed {Themagnekentlymesporisive aloprmpray &¢ either d@czstﬁwacbratdlaltmmprevent

detect i on by gy hahBLhSAALLDARULAS: Wb F LB IHDS b0

generally pro it roug Ion of 'sections o rl:t coer civity
magnet i ¢ nmat er ieaample celpanmmfm:xtcy bbakstimkbrir@vare aetrtoibe |rén)ovamgaehhedxbmi and al , as

descri bed beIo and et,er son tent in orat d reference above.
Certai n magnet i tHI% |s§pgp-éag% "Pvgeaé 'Vaﬁ%ﬁ?g’drﬁﬁr\/ﬁo (fcﬁﬁl éﬁl"l"qe‘it hsthef Py Eﬂ nmagneti c
orientation rapbek yammtmmuednbgmmmgdmeaOltiammtlequm&yc@ﬁ:ﬁ@flibairy ng magnetic

char act er i st | c TATRBEEET PRI e BV Hap LT TP MEvLBEInge B8] MEror o
detector. The sk 4ri¢le hg beern@bpdly pedceisbiihe marker may be appropriately deactivated to

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

provided through the addition of sections of higher coercivity magnetic material in

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

Peterson patent incorporated by reference above.

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

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



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

oaner el oot s T R R SRS ok f1F £ ke SRS %@%?ba[}s.&&qhm@r The
keeper el enents may provi ht e

-7- The marker aﬁsleﬂ’mlryarhﬁyohé hmmdemmlajdmkadblbenameﬂ@nﬂmmﬂhuwehgerhs)maubs

t hereof, to enabl eﬁége mar k o be bon ﬂ]ﬁ l']) ot her artjcle. The
adhesi ve | ayer (€3¢, Ybéem%"a rée& tB)?r%Ye?lé' ‘%P@ f Fﬁ‘él?er 1949 WPdet  adhesi on
of the marker tgrfg pHir @mad«on&uméa@@;dmuaacet crhaamnu@afemmute@ome i nt ended
surface. These and other features of th mar ker assenb are de cribed in

the U S. Patent M§¥. asgewgﬂ@crclwéamﬁps FagpdVas 3,799, ?’?fb F‘éfﬁ%)k?? 3, Hrd

5,331, 313 (Koni p@airov@l('l) dnagqep@rﬁ(tmmfgy all §c6/pEAEA bR RNcHBERUSE | OW
frequency magnetic elements of this type are difficult to shield from
detection, they may be effectively used on a wide variety of itens when
security is inport vl elubh | iR vat ed
nore conveniently, a%t(‘):?r‘f;leet eﬁ u Cﬁgnatgye’%gﬁee Y Bﬁ%ﬁ%dgigﬁgéwgyl ng ot her
EAS t echnol ogi edetecraiithgy mftykb@wffrnbwdy swdtoablvedef\@netusaénams whentsagumitydppl | cat i ons
(such as librar C [ B. The
Radi o Fr equcncvlnﬁgéf)%gﬂy %dedgt K tmf lnWF%I0%5?{[“’?&3& %gr{% Cgvgl‘i 0% gh\ﬁﬂ@gﬁ(

passi ve. An act compldtelg andctmepcdl)aﬁlelsmarkersadniloymgnmler EASn@yncsnglﬂscmakchh as a
battery, into t ction. This.ener e s active RFID
tags to create Q’ﬁ'& "fq?%lﬁm{r%glf f%t“?%'ﬁﬁ%%’%ﬁ"d’“%"é” Sg(éffgl Vé’\?@?fﬁ)whmﬁ}&‘bl ons where

t he interrogati dgracedsix it highywdesrybléi el d i s weak, and thus an active RFID

tag can be detected at greater range. However, the rel atively short lifetinme
of the battery limts the useful life of the tag. In addition, the battery
adds to the size anoBcdeRadizfrmdnemtvaEesp&mﬁvaE&in\éﬁ tag derives the energy
needed to power the }%ﬂ% fromf3 interrogating radio frequency field, and
uses that energy to 2B B° PRSPV E YRS EyAT ABHE IR PIRPYHE Pnpedance t he
ant enna present sdditipnbiltfergp@irdepgah a@bdiieBl o hORE&BNstruction. This energy

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

regions where the interrogating radio frequency field is weak, and thus an active RFID
tag can be detected at greater range. However, the relatively short lifetime of the
battery limits the useful life of the tag. In addition, the battery adds to the size and cost
of the tag. A passive tag derives the energy needed to power the tag from the
interrogating radio frequency field, and uses that energy to transmit response codes by
modulating the impedance the antenna presents to the interrogating field, thereby
modulating the signal reflected back to the reader antenna . Thus, their range is more
limited. Because passive tags are preferred for many applications, the remainder of the
discussion will be confined to this class of tag. Those skilled in the art, however, 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 typicaily
includes two components: an integrated circuit 12 and an antenna 14. The integrated

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



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

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

two types of tags share many features and-gthat both can be used wth this
i nvention. As shown in Figure 1, a passive radio frequency-responsive

el ement 10 typiyeahdn¥miyl sttt tides mwﬁ@%pa{mﬁédemubn{f&%ﬁ&@m&pr@mut 12 and
an antenna 14. The i nt egrated. circuit Er ovides the primary identification
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conmands received fromthe intefrogation hardware, respond to requests for
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thgl r TIR IS or (ﬂ?agcu TIRIS BeTad-it ﬂﬁ@dlmltﬁ%ts) ?ﬂ}nﬁsl(m&hzgt DCBJE?M%ﬂe—aG&GEag Mef are
and Hitag |ine ts oro I ndal a, and Singl e ip Systens,
armong ot hers. ﬂﬁ@’“gﬁftg)nﬁé’ ig)glafr}@@aya@r@s&%@ﬁw% Yeonerthesh t he desired
operating frequency of the RFID portion of the tag. For exanple, 2.45 Giz

(or simlar) RFID tﬁgs would typically include a dipole antenna, such as
the linear dipole a éﬁlnaglasamgﬁmd PIPPEfigpdependon th CSTWPP@F'E&@IC%‘F%I e

ant ennas 14a s t re nt 10a
in Figure 113. Qﬁ 131@5&8%@%(&3?&;%#039? Qyéﬁlﬁl(o(ﬁ&g}g%e% Sﬁ#(gllrﬂsor coi l

antenna 14b, adyme¢dyinchide adineld apenrahaic @sdh@hrfeprettqménwemesswsww Regueent 10Db
in Figure 2. JVAB%F R eS1a&RRole IRGnANE QQ%nja‘]taqhﬁ ﬁ)rt(ﬁ‘épatdﬁ) f %erfcgﬁjésg orsivEduUency

energy radi ate an 1 nterrogation source IS signal € arries both
power and comrtﬁﬂ!?@"t WatihEigured@. ATheSGiMHe frrainglhg i eb tameowure@sqwdy ve

el enent to absc&%ﬁaﬁt@ﬂa%%%‘ﬁslﬁdvﬁl :ﬁﬂ{:}leh%ﬁlhp%\ﬁ%”fr tqn&hg sRe@@ﬂc&th&; ﬁﬂe

provi de the response to detecte ter|st|cs 0
ant enna nust bdigmt & Hadithe eashathe yenaml 4 mtepdepis hei redip ﬁeqmw qroratragehted byn t he

case of tags oRghALk&EibdlsduRe. AhlligMinetd) Hies bARYEwerl d1G BRFinds EPREL ANt

tag. The antenna enabies the RF-responsive element 10 absorb energy sufficient to
power the IC chip and thereby provide the response to be detected. Thus, the
characteristics of the antenna must be matched to the system in which it is incorporated.
In the case of tags operating in the high MHz to GHz range, the most important
characteristic is the antenna length. Typically, the effective length of a dipole antenna is
selected so that it is close to a half wavelength or multiple half wavelength of the
interrogation signal. In the case of tags operating in the low to mid MHz region (13.56
MHz, for example) where a half wavelength antenna is impractical due to size
limitations, the important characteristics are antenna inductance and the number of turns
on the antenna coil. For both antenna types, good electrical conductivity is required.
Typically, metals such as copper or aluminum would be used, but other conductors,
including magnetic metals such as permalloy, are also acceptable and are, in fact,
preferred for purposes of this invention. 1t 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 ant



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

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

i nportant characteristics are antenna i nductance and the nunber of turns on

the antenna coi lfro[n f;Ur epm& LRt D82 199%&' RebAdaS Bl eeogb'scmmaw IE

required. Typica s such as copper or alum num woul d be used, but
ot her conduct or $iill, Imm,dﬂﬂydb’n@ magnetic netals such as permall oy, are al so
acceptable and are, in fact, preferred for purposes of this invention. It
is also inportant that the input inpedance of the selected IC chip natch
the i npedance of theAaapheal cfioofianaaciidednoanetgy tHe paificinatice ofmadhdrk@,rml

i nformati on about antennas i.s known tg t{}:glse of ordi na%{%/i ski in the art
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i ncrease the perfor mance of the marker, as _shown in Figure 2. The capacitor

16, when presenfnd PEHPE CPrﬁellaaifew1&1frwtwéﬁﬂygﬁ@smsafThetcw@c'fcagnacwhﬂaaﬁt. cul ar

value. This is drakfeadBhBokedl, oPRicialtd Mo R [RELALdINMRIWANYGomafag | NSuring
conpliance with regulatory requirenments. The capacitor nmay either be a

di screte corrponéf-‘ﬂ!gns,d?aﬂiqti agy rags eqyignevkto operateahvesnhiah fisqudeaiesr ushds bdf ow. I n
sonme tag desi g X é\'ifff%%ag_ér (N ﬁ(ﬁlg&;uﬁiﬁlﬂ@%gpatc r(?:ps%fe@tteg féﬂ‘{ha}/ %Jh)én gﬂugt%ﬁ

frequenci es, suc tuni ng cap qeit I's not requi

capacitor is seltcetbleediust@nqefwalwdedhlerhe@mamaeme retsonahhfeequmtuof thna;empmsow ded by
t he ant enna, thgmg ﬁ\% grequency of the conmposite structure, given by:
f' -(2R) IC where =~ capaci tance (in Farads) L = inductance (in Henries)
cl osely matches the desired operating frequ nc the RFID system The
capacitor may also be a distributed cap Ft zgdescri bed in U S. Patent
Nos. 4,598,276 (Tait et al.) and 4,578, 654 ?’?’ et al.), which are
assigned to 3M whegtri buted capaci tance IS

C = capacitance (in Farads)

= inductance (in Henries)

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

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

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

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



desirable to reduce tag size, particularly thickness, and to m nim ze manual
assenbly. In operation, as shown in Figure 4, the radio frequency-responsive
tag 110 is interrogated by an EAS security system 100, which is typically

| ocated near the point at which the tags are to be nonitored. An
interrogation zone may be established by .j@l aci ng spaced detection panels
across the exits fromthe roomin which the tagged articles are |ocated,
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(sonmetines ‘described as a field coil) for transmtting an alternating radio
frequency field, or interrogation signal, in the interrogation zone. The
system 100 al so i nclTheeseramgatamtseurna ] 621t nsrhigran irgeredgaiiorgsignak0gnehic mapwn as

antenna 104, and ) des ribed as a re V|n and.de ector 106
for processi ngr{’§i éﬁﬁf‘iwgﬁﬁfﬁfgg’ ‘BV"?’&%"WW?‘%EAT fte ?fg@eﬁtqe%’s"z%‘ﬁ%

i nterrogation Sgefee wilidtlier Bpptidhitibss, At Hebdusy theg@mphwish agjpaiabré@@yeranh may

be selected within cert&hn known frequency bands that are preferred because
they do not i rt@Hationy WheHho R regppry- Fféﬁq"éiﬁ%e'e‘ﬁ%'%@&‘é?@gé"tfwu%’brrpl y With
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on information I'n a conputer or nenory devi ce an t akes
action based ortakda@ctmdiese;dlogrtkclcoc!eﬁlmt@@hcte\i’a?\faoms mmid'wfamcmabf tl)nziluefratwle
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exanpl e, using separate antennas & PRrer n'sou 2 and the
det ect or 106 i mnpEneasdonthe inkperogitiog lseurceaalil emdhthe ﬁaécmhmé in plate dfuist sirpteed. NMbder n

RFI D tags al so Rl 8}{“1@4 ﬁ!:tgﬂh& hgt%pt anounts of user accessible nenory,
sonetinmes in the tormo q y nmenory or wite-once nmenory, but nore

preferably offering the user the ability to repeatedly update the menmory by
rewwiting its contenys ded can

I’OVI
vary, and influences ?c}‘fe ]éﬂ[zye'alﬁ' s o prov'sdl% S’é’f]'Pfaﬁ‘ga'P?ﬁ "gsgoﬁlé{feéaccff%(l:egl rEﬁ’rtl on of
an RFID tag. Typmedheésin ntce‘bxwecﬂmeaﬁaﬁliyamms)qadsrdwnﬁbzcdamérsorpfbut el prefemhiyy can

be provided ecorh%rmg %clugér the a'inlny 10 r;rppaatecﬁy up%Ftc the mgmory by rewriting its contents
from a distance. The amount of memory provided can vary, and influences the size and
cost of the integrated circuit portion of an RFID tag. Typically, between 128 bits and
512 bits of total memory can be provided economically. For example an RFID tag
available from Texas Instruments of Dallas, Texas, under the designation “Tag-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 “I-Code” provides 384 bits of user
memory along with an additional 128 bits reserved for the aforementioned types of

information.

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

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



avail abl e from Texas Instrunents of Dallas, Texas, under the designation
"Tag-it" provides 256 bits of user programable nenory in addition to 128
bits of menory reserved for itenms such as the unique tag serial nunber
version and manufacturing information, and the like. Simlarly, an RFID tag
avai l able from Philips Sem conductors of_jgi ndhoven, Netherlands, under the
designation "I -Code" provides 384 bits of user nmenory along wth an

addi tional 128 RS ah®mehnPdndft (LAEsARWFS IR @&@féx&wﬂ@@snmmaaonmmat i on.
Thi s user accessible nenory may be exploited to enhance the perfaornance of
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i nformation wheRea@ude! BPsicFingterfuin PiGad it@hs sRABIRLGA &Mhd RIEDAALE6then to this
dat abase. Second, the retrieval of information fromthe circu "ation

dat abase can sofstd] iaiations gan beovEFEOMRaccept ably long time, particularly
during periods of heavy use. By storing certain critical itens of
information on the RFID tag, both of these limtations can be overcone. One
exanpl e of i nformat |‘éfwﬁmmnlhof:'o&*lﬁatlonmh@b@omlﬁenm@\reﬂm peafecmansk ofia litryy ar y
identification f i brary
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tag itself woul € a Cco esi g ok a video
tape, an audio irﬁpmancm ;merabjy psaemeommm thgmelfw'ﬁhidsaemoﬂde dcsu_zjnei;ngf or

ot change. Pr oPGERT MUTLReS L0Rbeh 8 A E R e E GRS h BBy esent
invention. By i Thiedédaicebly, fisnewinpig, doiriseate mediy Bpe callelspdvifisdyin the?™M er i al
ranagement Standard Interchange Protocol, which is available from the assignee of the present
invention. By immediately knowing the media type, a hibrary’s material management
systems could insure that an item was being appropriately processed without incurring
the delay and inconvenience of consulting a remote circulation database. Other

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

to those skilled in the art.

Another area in which RFID systems offer an advantage over barcode-based
systems is in the identification of multiple items. By using sophisticated software
algorithms, RFID readers and markers cooperate 1o 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.



systens could insure that an item was being appropriately processed w thout
incurring the delay and inconvenience of consulting a renpote circul ation
dat abase. Qther exanples of information suitable for incorporation into the
RFID | abel will be apparent to those skilled in the art. Another area in
whi ch RF[D systens offer an advantage overjzbarcode-based systens is in the
identification of multiple itens. By using sophisticated software

al gorithns, RFID regderge @ntbilmibkehe cooperate to insure that all itens in
the reader's interrogation zone are successfully identified wthout
intervention by the 4p®eydsrFigures kandSihemeh §.tke ombispden o820 epabeicdpent  of
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article when the Jiner has been renobved, | n another enbodinent, the tag

uses the magnet RERITEIUEISEFRSRAISYE cleMeRte dbe Bagnshroliyricsprngve elpmemavhep ueo
frequency- respoxgsaln\éateﬁhaew&mcme;onﬁmtm&ahbma&wpﬂa@ﬂowﬁveeélmnhmd mhen used
as an antenna, is electrically coupled to the radi o frequency-responsive

el enent, and e mayr ko PI‘b?hYé!F%l'& CB‘@"‘;&’H%}!%&CP‘P frequenpytresponsvetek@mentadi o
friequency-responsi ve el enent. The conbi nation tag nade according to the
present invention may be interrogated two ways. First, the RFID

i nterrogation sourc heogméinglin tpgampds aFpasdiogied prsseghamn@mnémest and

recei ve codes firomthe: v edkaksd &k Hi oIS di cate,
for exanple, t he Pc(i’gnt?fl cat%{son o’ft herr_g{;ﬂ“%nk% l95?he ta&]ufﬂsf?
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magnetic interr I e V\/net her
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field would interrogate the tag to determine whether the magnetic portion of the marker

assembly was active. If the marker assembly was active, the interrogation source would
produce a response, such as a notification that the marked article had not been properly
processed. Because the magnetic interrogation is more resistant to shieiding 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 (10 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 fabncated from

permalloy, an alloy of nickel and iron.



produce a response, such as a notification that the marked article had not
been properly processed. Because the magnetic interrogation is nore
resistant to shielding than the radio frequency interrogation, the nagnetic
portion of the conbination tag would provide enhanced security. Thus, the
features of both magnetic and RFID tags are conbined into a single
conbination tag. In a preferred enbodi ment!3-t he conbi nation tag includes a
magneti cal | y- responsive elenent that also functions as the antenna in the
circuitry of the radio frequency-responsive element. To serve both
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integrated circef impedgnes @dw@wshw 'taar F%ﬁbb&bﬁch@eft wh ¢ @agriskic BARIBroyTdes the
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normal |y used V‘@a’ih{aétgﬁg a chip, and thus it would be expected to perform
both functions sa ctorily. Wen the magnetically-responsive elenent is

used as at |east part of the antenna for the radio frequency-responsive

element, the two ar e\ﬁxl ?\e ma eltil:%y-crgslf)lgns%g elteﬁ)len ?scur}ed as at least part of the antenna

for the radio frequency-responsive element, the two are electrically coupled to each
other. Electrical coupling may occur because of a physical connection between multiple
elements (as shown in Figure 5), or, in the absence of a physical connection, by non-
contact electromagnetic coupling (as shown in Figures 6, 7, and 8). Non-contact
coupling can include parasitic coupling, capacitive coupling, or inductive coupling, and
use such antenna components as parasitic antenna elements, reflector and director

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

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

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

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

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



other. Electrical coupling may occur because of a physical connection
between multiple elenments (as shown in Figure 5), or, in the absence of a
physi cal connection, by non- contact el ectronmagnetic coupling (as shown in
Figures 6, 7, and 8). Non-contact coupling can include parasitic coupling,
capaci tive coupling, or inductive couplingg and use such antenna conponents
as parasitic antenna elenents, reflector and director antennas, Yagi-Uda

ant ennas, or other, ' N, ,C L @aurat | ' ' tag
shomn  n Fi gur o e bbleAle FideRRRan SeRbLABAN S, AlE dRIRARRENRT 100 | g
coul d be, for ectvarddandadedkBv86d whizovideg duahstang tag Ehetastensa 22 shootin Eiguguch as

14c in which fl col |l ectors ar rovided. at th oners.to.inprove, the
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material, and t99BPINBAP BEvidedFORPIpRgn (a8 2. ERedipgle pTFTER KA B3R FORINSREMSE or t he

type described ghaugafy-Rlpontide mbiRNal BEn@PRhdnettahRrbfiRisivBmaRtdical | y- responsi ve
material, so that it nmay be selectively activated and deactivated to

provi de a dual status tag. The antenna 22a shown in Figure 6, however, is

not physically conn fg i ] i i.ppl:e antenna
23, but is nonethele s?églt%gr P@esl r{l%%ﬂ%@%ﬁég&q% E)V(Btdh;enoﬁ'lz%grf%r}egﬁttegﬁﬁ% llg)y
parasitic di polmovideguplelepigically cpupba/witheardenpan@3b aad 2anrespegti®ha. Inee di pol e
antenna 23 may . se_ehLbher Lcal | y-res iV .erial or

non- magnet i cal Ic§%§§s£6%‘nt§§ \?éb%ﬁ glﬁa’g‘l&h % Iz‘i 'BG‘G*F%‘SE" ?lr%ﬁgaémﬁfd{ggé'f’ ?l% 2 bodi ment s
i n which nore tBanwiiceis patasiticedly 2Rples to pnomasclRt. AnteahaCRb arealabyofoupl e with

ant ennas 23b and 23c, .respectively. |In the i ngtion t 20b shown in
Figure 7, int eﬁ%gﬁaﬁ'feéﬁq"fwi?a‘ieﬁ%l aﬁ‘ﬁé’é‘“&ﬂaggﬁg’bﬁﬁa"«?ﬂ?&e °§%ﬁ%ﬂ°ﬂﬁﬁ%'h is
parasi ti cia: |y cespphsiet haerdant BnhTaa)nﬁ)BﬁdtiorAg emms\ng]gggrres,r?dﬁo (ﬁ’(ﬁj:qucncy-

magneti cal l y-responsi ve material, and anfenna(s) 23b .y be made o

magneti cal | ; rrég’ﬁﬁ%‘é‘ﬁ %“%?é}"? qpe &Pﬁ"f 'g%'B%gJﬁ‘%?éaPi"Bﬂ}ytei:F@‘"E@'é cg‘l‘fﬁ?/éf"i n
Figure 8, a radinnhds@qbeAGMnnaE @SPNO mbdorla@RaivillyQlspbhdvelR@ias gy i n Figure
2 is parasitically electrically coupled to antennas 22c. Antenpas 22c are
made of nagneti"(‘,‘é?f‘l‘%@)rzéﬁﬁﬂﬁgf: Jeder{meppaically gpgonsaisetiial Ytho3enaeds gle nade of
magnet i cal | y- r asaeemby@mbmt seleally d&dgh@s variations of these enbodiments are

easi |y desi gned.

The overall thickness of the combination tag should be as small as possible, to
enable the tag to be inconspicuously placed on or in an article. For example, the tag
may be applied with adhesive between the pages of a book, and it i1s desirable to make
the tag thin enough to prevent easy detection by observing the end of the book.
Conventional 1Cs may be approximately 0.5 mm (0.02 in) thick, and the overall

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

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

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



The overall thickness of the conbination tag should be as small as possi bl e,
to enable the tag to be inconspicuously placed on or in an article. For
exanple, the tag may be applied with adhesive between the pages of a book,
and it is desirable to nake the tag thin enough to prevent easy detection
by observing the end of the book. Conventjponal |ICs nay be approximately 0.5
mm (0.02 in) thick, and the overall thickness of the tag is preferably |ess
than 0.635 ntm (0.025 in). The conbination tags of this invention may be
provided in roll form to enable the automated sequential application of
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in when the pat benonethendpplictibisesichbs matgriald liandlinghe stoms,evaretiopses, Tané theag  of t he
i nvention may alﬁo assist in inventory managenent and analysis, by enabling
i brary adm nis fators to keep track of materials mstantaneously and

conti nuously. These and other features of the invention can, of course, be
brought to bear t he Ilcatl erials, handlin

stores, war ehouses g‘ﬁ‘ﬂoé‘ PF'R’@“‘ ﬁﬁ%’ﬁ@f“ﬁ‘@? ta@rﬁS’B@ pﬁ‘e"h‘{e d”? atB“b’H%ikﬂatl on
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memory on the RFID chip itself showed that the item had been appropriately processed).

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

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

Example One

A combination tag was made in accordance with the present invention. A
permalloy strip produced from an alioy available from the Carpenter Technology
Corporation of Reading, Pennsylvania under the designation “HyMu80" was attached to
a test fixture manufactured by Single Chip Systems (SCS) of San Diego, Califorma. 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 10 a 2.45
GHz fieid 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-

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



menory on the RFID chip itself showed that the item had been appropriately
processed). The foll ow ng Exanples provide still further information as to
the tags used in the enbodi nents of the invention described in Section 11,
bel ow. Exanple One A conbination tag was nmade in accordance with the present
invention. A permalloy strip produced frogman alloy available fromthe
Carpenter Technol ogy Corporation of Reading, Pennsylvania under the

desi gnation " . i by Single
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antenna connected to an LED di ode. The device was designed so that upon
exposure to a ZixéﬁagleCNm field strong enough to power a typi cal SCS RFID tag
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d stre
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the prescribed interrogation frequency. The characteristics of the antenna
described in this exanple were conpared with

The characteristics of the antenna described in this example were compared with

the characteristics ol known antennas for radio frequency integrated circuits, and
because those characteristics were similar, it is believed that the antenna of this example

would function adequately in such an application,

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

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

IL. Embodiments of the Present Invention

A RFID Device with Magnetic Capabilities,

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

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



the characteristics of known antennas for radi o frequency integrated
circuits, and because those characteristics were simlar, it is believed
that the antenna of this exanple would function adequately in such an
application. The enbodi nents of the present invention described bel ow may
use either a tag having only an RFID el engnt, or a conbination tag, both of
whi ch are descri bed above. |T. Enbodinents of the Present Invention A RFID
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IS equi pped to rpaag ot oftizalfor example),ovhichican BELded ta@suwatha propecstbseguain as a

patron card, book, or other. materi Preferably, the information read from
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processing of the item The RFID device is also equipped with a device, such
¥
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as the coil, dedbeftfEritagoA8erabs BEhdevice readathe BRIAHE, hededseuanigis e itanhe
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RFID tag, the device transmts the item identification information to a

conput er havi ng ay@matien eenperogiled  Binong tipsexamaely S0 cwreat LAN sokwaresystess LAV,
Anong appr oxi mat.gl A v - i - T I Phoaty pCh i's
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avail able from Ameritech Library Services o r whi ch
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avail able from %’“?;"a@b‘%‘%ﬁ‘”ﬁgﬁv P/}résgémgw‘g re are a nunber of ways to

transmt the information o om an

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

the RFID device as an integrated package.

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

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



tag to the LAV system One would involve using the conmands inplemented in
the 3M Standard | nterchange Pr otocol (SIP). Another would invol ve using an
el ectronic device known as a "wedge" to transmit the information as if it
originated froma conventional barcode scanner. These and ot her techni ques
are wel | -known to those skilled in the anl8 In this manner, the RFID
conponent of the RFID device perforns the functions forrrerly performed by
an optical bar -Icomatmathméwwcmudﬁ”mm@ys apriterefpr ehotk-wdntstanpiog fas anBEMYsed wit h
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LAV software sys evice inc system and an
optical bar cod&IDszgpemidriensdesippled t¢ theitelevi ce may al so be used to create
RFID tags for nedia that is only bar-coded. First, the bar code would be
scanned, and then the identifier (or an ID code associated with that

i dentifier, dependirthﬁm da:y‘st efmhde&is@nihvmuﬁ prefreabiyralsbtpetfoins “sioirecor ded ont o)
t he RFD) tag al on ata at sel ected

i nformation ret' ﬁﬁﬁﬁsétéf"%ra('}ﬁ\d?sﬁ’éml_ OEHF%?%‘%%F'&#%FI&?W@ ?E?q?’ﬁ‘g}f nedi a.
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present inventi, o refer erforps "smart"” resenS| izin nd
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materials. \Wenyith istRdatisCoflMB@pe bNBraRHhidefi A8 Rhich HRWINMDL 8¢ Ish8saciated.
identification_.information to the LAV software, the LAV software can be

programed to rEVEAY SORME raRondiarithap indisatign thaidhe tpesed gratqriabis SpREthing er i al
wi th which the mmﬂ Bpetifiz8s mAgredaBOh operation is required (magnetically-recorded

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

media.



| f* the LAV software responds with an indication that the tagged material is
sonething for which a specialized nagnetization operation is required
(magnetically-recorded nedia, typically), then the device can activate only
the systemthat perforns that operation. For exanple, if the LAV software
indicates that the RFID tag is associated ;g th an ordi nary book, and that

t he book may be checked out by the requesting patron, then one
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sufficient inforg@Eb RuciyreRfredioteRsh dshapdefinf R RhyiRé "t he RFID tag itself
that the interrogation source need not transmt that information to the LAV

software, and can instead invoke the appropriate nmagnetization system

direct!y. This = embodinggoinaout h irlselvicd iRk 4G MARHELD BFHaf AR AGEy: RECAUSE
fewer steps are required to reach the sanme result. As a mninum the RFID
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approximately 15 centimeters (6 inches) would be satisfactory. To facilitate reliable

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

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

provided on library books night all be positioned 2 inches above the bottom of the

book.

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

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



systens over conventional optical and bar code systens results in
considerable tine savings for patrons and library staff. The "read range"
may be different with different scanners, tags, and other conponents, but
it is believed that a read range of approximately 15 centimeters (6 inches)
woul d be satisfactory. To facilitate relixble RFID scanning, however, it
may be desirable to position the RFID tags for various itens at the sane
fixed positi omarebdd éciehetsO ThBseCl@othe behdfs iddeavant@ts Wi 38 RpRrenol dle bAYS

provi ded on library books m ght all be positioned 2 inches above the bottom
of the book. TH8IBdbcAtts of the inventive RFID device are nunerous and
significant, and include having only a single station at which to identify,
resensitize, and desensitize |library materials, the elimnation of operator

training on and pe f REIDHDevige va ME.zati on operations,

| ncreased processi ngnRegheHtst sh RFT Gevi Ik i@l A pRELS R AbIGHms GOS! T 3l nt s
present in bar-code only systens, and decrease It Kelhood o repetitive
stress injury tine @pehminon Eigurndt Weherdse cmivertiona devieds hating anlyf ersica bat eode can
RFID tags than_to read a_ bar, code, .especi al r codes that are inside the
cover or case O eﬁsece‘;’?tp reor‘%f Ssl%ﬂly alsé{’%{c'jaét%‘égﬁse@éc t}éegbatr [ elfgaélrnerr?igﬁe 8% % ocat e
and al i gn a bagroopdfitenisa@iihy/ RFIDNeleimansd eain bz lpssressed esdertioly sipsifaneasly bEhisuse
RFI D readers are expecte o0 .cost le han hi gh-perfo n - 20- .bar - code
scanners. Thes’@a%?f’dfcg'teﬁeéir y&‘éﬂ@#‘ f“Pg'Pﬁi@[éW%fFﬁgé ORCES {’%ﬂg’db%ﬂ"éeﬂt‘“ ?'o one of
skill in the asdtheBevikds 6r Bfhaling D siel high spdell RFN kdabigt tRat bbREEARORMEr benefit
of an RFID devjce.is the ability to process nultiple itens at one tine, as

shown in Fi gur&em entifcaionaizogiifpe s serabilityearsadla sedvepithegironieguinsfforcal  bar
code scanner slifaR sRHQ6 gRsesd Multiph i3yl € item presented to the bar code
scanner at one tinme, a group of itens having RFID el enents nmay be processed
essentially sinultaneously. This may be achieved by having multiple RFID

i nterrogation Sour CEsaolER%RE Me mwﬁ&fqnﬁQn%neu%om?g&?aﬁuﬁﬁas_ or by having a
singl e high-speed RFID reader that possesses the nulti- itemidentification
al gori thms. Thinapreensiatsi fof eng ofmese P areupnd ewterinle beingrproressndi the deviesrmayl i br ary
staff to procegs, leB 'ldjérghilai‘% £ P?Séssag;QO %\é%'séjr rpﬁ:\é'stnx% tﬁalf'gll g?t\‘.}ifﬁ?oﬂq{e;l% ma

magneti zation operation t
kind (books and magazines, for example) be presented together, followed by all

materials of another kind (video and audio tapes, for example). The RFID reader can
determine from the information obtained from individual RFID elements whether the
user has segregated the materials appropriately, and can prompt the user if he or she has
not, as shown in Figure 12. In another embodiment, the device includes one area for
processing media of one type (books and magazines, for example), and a separate area
for processing media of another type (video and audio tapes, for example). The proper

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

The device may also include a display for indicating how many items bearing

RFID tags have been presented for processing by the device. That is, the RFID reader
would obtain information from each item presented to the device, and update the display
to indicate that there were, for example, five items present. An optical or other detector
could also be used to verify that the same number of items were indeed present, so as to
alert the patron or library staff if an item without an RFID tag had been inadvertently or
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



i nappropriate for one or nore of a group of materials being processed, the
device may be adapted to provide a nessage to the user requesting that al
materials of a certain kind (books and nagazi nes, for exanple) be presented
together, followed by all materials of another kind (video and audi o tapes,
for exanple). The RFID reader can determ.pe fromthe information obtained
fromindividual RFID el enents whet her the user has segregated the materials

B oure 12, 1 afiok AEP AeRbRAThen 418 FEE chinerfos e Mied Wil usalBefiBen 10
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software the wei B the itenms detecte %d co arelhtothe a uaI
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detected (as deafikiobfdopstatiénS. Patent No. 5,260,690 (Mann et al.), the

contents of which is incorporated by reference herein). Conparison of the
nunber of itens detected by the RFID reader and the nunber detected by an

optical or other detggéthér ehiBsUMES of MinvkMRe dBBENEIE Bbif € UdriRYihe caiiER bf
associated wth non-RFID tagged itens are not deactivated wthout the item
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set of audio tapes may be packaged together instde a single case. To insure that only
those tapes, and all of those tapes, are being processed together, the RFID reader can
identify the case, and identify each of the tapes inside the case, and match the identities
before permitting the materials to be checked out ta a patron. The RFID tag on the case
may include the information as to the contents of the case, or that information may be
stored in the LAV software and accessed through the identification information obtained
from the RFID tag.

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

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



the itens after a predeterm ned nunber of itens have been presented (five
items, for exanple), or after an operator instructs the device to process
the itens, or automatically w thout any operator intervention. A suitable
di splay may advise the operator as to the status of the operation. Another
enbodi nent of the inventive device is theyability to verify the content of
a package or case having nmultiple itens inside, as shown in Figure 11. For
exanple, a set of audi pfARERFIRPeRSsPackaged toget her inside a single
case. To insure thal only thoSe tapes, and all of those tapes, are being
processed toget her, FortrenuRibETD apsdidations, anis déstehie fofpyovidees prable, rasferablylent i fy
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whi ch material s_may he checked into and out of a |Ib%%[d The device may be
adapted to traREHR fje‘ﬁ‘f'ﬁ 3 vajpablp Hypry teglg Ren simriiciin @otiaRle deyices i8¢ em t o
process mul ti pligecribddeiis in ARAL 5f%e§r%ﬁx?¥r?enﬂ%h&’£ra§foﬂgdn@ s&tof@lieRRGK from that
software in response. -22- C. Portab vi ces. For a nunber of
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RFID device. T

shel ves, bins, iy {hgs%%gﬂgllsﬁr?:g%sd%%r%gd h%elﬁgrg%%a? hﬁﬁﬁ@%e rc Wnerever
it can be pos Rfﬂbd@dceélwéé\aemgﬁglhnqm of hlethodse:imnbd:ctahose magfalohe tohon-

i dentifying mu in the r f.1 dey, These
and ot her feat hé’ggsmc Rt]beﬁw&mﬁ%/séﬁ a?l@/’é' lca E’Iponaﬂgp‘%ﬁ%lgwcggeghevdé eﬁ% |l e
l'ibrary tool. Emmmsrapdl methbds, hamntralblbeem@emmgemaswm tht tyipe of RiE®adevibed fir st

in ternms of their nponent s .an tion dsecondlnterms of various
useful functi oﬂ‘gref% engpe nlgtpﬁ'god'@qgﬁ%’a‘?ﬁ'bms'ﬁ%w devices. It is inportant to
note that the functions or nethods described herein are equally applicable

to non-portable RFID deyvice and that .the. funct t hads scri bed
above in reference to nmé—ﬁﬂé—ggm%% h?'@s‘hem%q ?ﬂdﬁﬁi cable to

portabl e RFI D gryént @fventibh@refirdtiyaineiides an RFID reader and writer, memory , a power

source, and software 10 enable various functions of the types described herein. The
RFID reader/writer could consist of a Commander 320 13.56 MHz RFID reader,
manufactured by Texas Instruments of Dallas, Texas. Memory, preferably in the form of
a computer, may be provided by, for example, a “palm-top” or handheld computer
available from 3Com Company of Santa Clara, California under the designation 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 to
transfer data between the device and another computer, one or more ports to connect
penpherals 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 descnbed above, there are a number of options for transferring data between
the hand-held device and another processing station. A docking station approach can be
used to upload or download data, as shown in Figure 14. This method could be used,

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



functions and nmet hods have nerely been grouped together with the type of
RFI D device nore often used to performthat function or nethod. |
Conmponents and Operation. The hand-held RFID device of the present
invention preferably includes an RFID reader and witer, nmenory, a power
source, and software to enabl e various fun ions of the types described
herein. The RFID reader/witer could conS| t of a Cormander 320 13.56 MHz

RFI D reader, manufactured b‘y Texas | nstrynents, of [gal la , Tgﬁas. Menory,
preferably in thEndrtheshspreticAlegignHiethsr exam e'ﬁ%‘”%"%\?i &8 063 datp fpllowing 41 ¢ " 3
"pal mtop" or hanMb&iod of REARULA havededh LR vBihih HIRTbAER MTES TRaayIde Santa CI ara,
California under the designation Palm Pilot. The portable corrputer
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downl oad data foI lowing a collection of itenms that have been used within

the library. The link could be inplenented as a docking station (as
illustrated); as a w|?"@I"é%’é”‘%if“&%l‘%ﬂedﬁﬁ\ﬁld%e bt oporiperate thastas ¢ff r el ess

or cabl ed, real - {ch/TRink bitftoRREWRRNsENS en@ptﬂﬂah@nquggitg%a?mélud@ﬂﬂtchﬁﬁ the
processor, or in_any other manner suitable for transferring such data. One
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ways, including as a “wearable” display that can be easily viewed by the user.

A particularly useful embodiment of the hand-held RFID device 1s as follows. A
hand-held RFID device is provided in which the RFID reader, user interface, power
source, antenna, processor, and software are alf provided in a single integrated unit, as
shown in Figure 13. By using a hand-held computer such as the Palm Pilot described
above, a number of real-time functions of the type described below can be achieved, in
contrast to systems in which the RFID device must interact with a separate computer,
database, software system, and the like. The software can also provide either limited or
fuli-range capabilities for supporting functions of the type described herein, as desired.
The hand-held RFID device also preferably includes an integral power source, although
it can be tethered to a larger power source of the type that might be worn around a
user’s waist. In the case of an integral power source, the source may or may not power
the processor, and may be recharged when connected to a docking station. When a

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



The user interface for the device is designed both to conmuni cate the status
of searching and to allow the user to enter data. Entering data may i nclude
switching the device anong various search nodes and entering data specific
to a task (for exanple, to check out an item or to put an itemon hol d).
Feedback to the user is preferably provighed through a conbination of sound,
lights and a display. The display may either be integrated into the unit or
separated. WeR3ERHNELE toltfle FRRNP QRS ORSSEH dnB/oY B6WQ8:H infd@¥Sion]d3C! Udi ng as
a "wearabl e" display that can be easily viewed by the user. A particularly
usef ul enbodi msbawron Figyee and- hel d RFID device is as follows. A hand-held
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source, antenna, processor, and software are all provided in a single
integrated unit, asA hetdbbad RRLF dayiee eanli@err @yatamid ndpnafy REb0-tbggled iteroput er such
as the PalmPil ot descrihbed  above, a er aof real-tinme.functions of the
Cype descr | bed "DEE Cacacd SPTane? of HENEhs, dhiciRes Bk @Rk ni oh « ne
RFI D devi ce nusgtovidet &y, doitexanpll, sariggep assadi’edwitlpthe @evice, stathalxhs eapssdfihaar e
system and the like. The soft e.c | so provide either limted.or
FUl | -1 ange. cap i e RoeF s Feabiigbior (HERGTY ivisel oIy, S Fepiae distis B
herein, as desifiRfen of iy Rrides, Bl isledpedifd 1@ bewveal BoanpMsTcendkbhets (@i ugles an
i ntegral power source, although it can be tethered to. a |arger power source
of the type thdtcher) ghen garepigechnalogy g the likely diequengies  whichihe e xauidot  an
integral power oB&QueC e scfd@pPREHGS, IRYy R delRY¥IeNO tesPRMWRE opdrittigRimeeBter , and
may be recharged when connected to a docking station. V&en a hand-held
conmputer is us@evicy so thajt anlydntemierates REGMegpesaryatebuiticieemsaah d clesss range.r Behar ged
-24- when conn ; t 1Qr wnl oad

Bt thsl Ot e OGN Rhdk! drBPerhifontinl BR0eRAH Rloud?

information, as shown in Figure 14. vice can interrogate

and identify REpibicatiggdidmivtherpsefendddn easoxct the optputgomier@néthustieieadingange of t he
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In operation, a particularly useful feature of a hand-held device is obtaining real-
time information regarding an item that has been scanned by the device. That is, the
hand-held device obtains information from the RFID tag, and either immediately displays
that information, or immediately displays information stored within the hand-held device
that is related to the tagged item. This is in contrast 1o 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,



device so that it only interrogates RFID tags associated with itens at a
closer range. In other cases, the |ongest avail able range of operation wl|l
be desired. In other applications, it may be preferred to restrict the

out put power (and thus the reading range) to permt |onger continuous
operation fromthe battery pack. The read Ir;zsnge will also be influenced by

the design of the antenna as well as the orfentation of the RFID tag

relative to the antenna. It.sho reci ated that .the read,range,
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itens on a shelve were read by the RF reader, each would be conpared, using
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maintained directly on the memory of the RFID tag. In this case, the hand-held device

does not need to download any data from another computer system. The hand-held

device only compares RFID memory data to established criteria and provides feedback

to the operator based on the selected parameters.

Another example of where data can be either downloaded from a library data
base to the hand-held or obtained directly from the RFID 1ag is to locate items in the
library that have not been checked in. A list of items not checked-in could be obtained
and then downloaded to the hand-held device or the RFID tag could maintain a memory
location to indicate the check-in status of an item. When the RFID tag memory
indicates the check-in status, the hand-held device does not need any data from an
external database to perform the search. A natural application of obtaining matching
data directly from the RFID tag is to locate items that belong to different library
buildings or to different library systems. For this application, the owning libréry s
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-heid RFID



Alibrary typically maintains a list of mssing itens - those itens that are
expected to be in the library, but cannot be found. By downl oadi ng those
mssing itemidentifiers to the hand-held device, the operator can pass the
device by itens and obtain feedback when a mssing itemis encountered.

Anot her exanple is to locate itenms that hgye not circulated or been used
within a given nunber of nonths. Again, the identifiers of those itens

coul d_be downl opged b slfIe 1R RSl LIRSS [ mBERLEN I LNl I vel v
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directly fromthe RPIOREH] F‘§°"c‘2f‘\“’d&%§ﬁ’§ IpveRtiRy Gopldiafsa be pyeq to,yepfy thgordfhy e not

been checked i Nyt nfhtdrafiton@fshiik EMERRDRbAL R GKGELE ik Bcanfddl sdrodEore R AloRedws and t hen
downl oaded to the hand-held device or the RFID tag could maintain a nmenory

| ocation to i ndiestt dhe HeviceHeads epch ismand mdispteg o the operatpn avhichiiemRememot ag
menmory indi catgg Lhg tﬁJ‘c%ﬁédt'd?d U Ak Hut, Ih@% Nang; hgled ‘gﬂ‘\é'Sﬁg"‘ﬁi’%ﬁB?ura need

any data froman external dat ase 0’ per formt he search
application of tubdhymerhgrarwfbcthemg:uommrm Sdanned:tll’gsmbhecalgnmmms RELDE: Degreys to

| ocate itens t I i fferent ra din or fferent
library syst eml’ﬁécﬁgg ?&ﬁ:l ' t(;ira lofc%fx%ress or ﬁané Xuthg faTt n%mg%nle ogcteppggm Lr abl y
encoded onto theet%ds[bftragngrasldttb:mrktalbglezfmbIhurademe(pessa:llcerts t he operator when
an' RFID tag with a different owning library code is encountered. The

hand- hel d RFID -26- device could also be used to determne, as wwth the RFID

devi ce descri bed aboasther mmbhefesaibl:shrfﬁgﬁhﬁhﬁfoﬁﬁamn #ab agbcias sabii@inedthid ens
are present together, cas The RFID

device of the pPeiBht Sﬁﬂ}%‘?ﬂ P'beraBBﬁi’sffgcjfl'@lcf’r}ngﬂ@ asttge ’\'}’é"rrﬁsf/s”f'ﬁ?oér der of

materials on a ébmble, a gdhetahihslf ToRGkeN Mg iMdRME 618" Al THAIBN BlesACA GSdTe GRREIFIOrT NDr e
rows of itens. hégfo devi ce reads e@ch item and indicates, {eo t he operator,

which itens aré catigpapighi bei” AdpihEchog, Aubers dye AB Al PoEEETes he devi ce has
access to the sdtodinit@t, MeIBEIF toBion for an item is encoded directly in the RFID tag memory

for that item. An indexing system may also be used to save memory, so that a short
code number is used to indicate a shelf location. For example, the number | could
represent Adult Fiction, the number 2 could represent Juvenile Fiction, and so on. The
amount of memory needed to store all shelf locations depends on the number of
locations within a library. Another embodiment is to obtain the desired shelf location
from a library database and then download those locations as part of the transfer of data

to the hand-held device.

When items are associated with a shelf location, by either method above, the
operator can use the hand-held device to Jocate items that are in the wrong location.
Two processing methods can be used 10 determine which shelf location is currently
being processed in order to search for items with non-matching locations. In one
embodiment, the correct shelf location is obtained by reading several RFID tags and
heuristically processing the data to infer a location. For example, if the RFID device
reads a certain number of tags that are indexed to the Adull fiction area, the device can

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



used by the library for the section being scanned. Possible algorithns

i nclude: Dewey Decimal order, Library of Congress order, and Author | ast
nane/ Title order. Other nmethods of sorting, as determ ned by each library,
are possi ble. Another nmethod of establishing shelf information is to

associ ate each itemwith a |ocation. Shel | ocations can be as specific or
as general as the library desires. For xdipl e, a general shelf |ocation

m ght include all "Adu]t Fiction titles." A nore specif] shel f | ocation

m ght be "Adul t 2Fthe pped 'mentﬁh?gwplacsaelocaq% taaaeorbhh%f@mer OREHASEI Nt , t he

shel f | ocation {ppe @ftchedeMhbs IQAGANGE 6 i8GEADbY e KaRB-hBELRiLA8 infRaRI Y T Or
that item An indexing systemnay al So be used 'to save nenory, so that a

short code nunbet sqbseqa@éejembreﬁ%m%ldweloag kAt focpiinnant emalertisprexideryhen t he
nunber | could AL, Adult Fiction, the nunmber 2 could represent
Juvenile Ficti on%swa?\g’o 'Ofi. The anmount of menory needed to store all shelf
| ocations depends on the number of [locations within a library. Another

erbodi ment 15 10 0Dt Bl piE R A2 Mok nd AOAR Rlce HAD Red IANAL a2l abase

and t hen downl oad t hose of 't ransft er o the
hand- hel d devi ceuto M\héemetaemsa areenﬁasamcibatmﬂommndm raaysbleeltherlmammt@ln by either
met hod above, the rato regﬁr{ot t.he hand- hel oca e ,tens

evi
that are in thew Y weaéesf‘jhﬁa%%etq %E%ﬂ’bﬁélufpslédv el
det erm ne whi chtr&h@hcthellcbmtdemea:xﬁmamirteambgkmgtsmtiagarmrma&»seme mfmd@crn to
search for |tems tgnLNnE h|n | ocations. In ope enbodbge t he
correct shelf | BtBELoN % w@fﬁt P'h ml}?‘?’ iUy ke & brpry gt e $nd
heuristically prdasteﬁsahagsetrhﬁyd@nahmwaiuefofahé 2688 in®Nthe kOE- r@membe if the
RFI D device reads a certain nurrber of tags that are indexed to the Adult

fiction area, tRA®Gebreasethyin B@’%P%@P%ﬁﬁ%”ﬁ%'%ﬂ e LAVeftyaseversty:dbn- Adul t

Fiction itens acfefMeopdrhiBs @ife 1ol U2 abid fo indRAL NEY stRTBRA:VEREmmEeNGely BT ATy
pl aces "l ocation tags" on. the shelves or other |ocations to be searched.

These | ocation PERPSCIIPavaftingptikhe g8 shsyran preess ap b AP Evae Y anirdldi cate t hat
subsequent itens read should belong to that location and an alert is

provi ded when a m smatch occurs. In another enbodi nent, the hand-held RFID
device may be used 4 Yeranetherembedinent, gherhned-brid devise sauld be ysed fRRrpYide | t em

That i nformati oRydibhaldffofhdtidR bbdul Q@&%E §t6F once the item has been obtained and its
RFID tag scanned by the RFID device. For example, library staff may collect materials

that have been used in the library, and scan those materials either to obtain more
information about that material (who last checked it out; how often has it been used) or
to provide information to a database that generates statistical profiles of library matenial
usage, or both. The operator simply reads the RFID tags of the items as they are

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

to herein as “sweeping.”



i medi ately and directly to the LAV software, or may be transmtted
subsequently when the hand-held device is reconnected to a docking station
and downl oads the information to the LAV software. For exanple, when a user
takes a library material fromits |ocation, the user may input the new
status of the article into the hand-hel d.®I D device. Because this-
informati on nmust be entered into the LAV software eventually, it saves the

operator time to beTRObRefitd of IMhnE-ALIE RFD SevideAbetnufticF RG] drYd ikikde theBidiyabel y as
opposed to waiting until he or she can access an LAV sof twar e system

terminal . |n ydRcaismeaIoTeaidy ae Atcuraidhecanpald hereadine 3 salbwmbe Paitiised to

provide addi t'ﬁ%ﬂﬁierﬁsn{hgﬁﬁﬁt&k&%e@a@w t@dc%xpe%fh'eifn' Fick SRl oG exdnliR ilehB8M has been
obtained and its RFID tag Scanned by the RFI'D devi'ce. For exanple, library

staff may col | awre daseézrtpéncste itemaf intricst threrdHinigaickly iddnéfylites meighingad scan
h | | (wh
those materi al vgh %%?%Ecr’it?naf(?&sﬁ' ﬁlaésm k%dg ﬁw%ﬁ]@%ﬁp‘%&ﬂ@@f&d auw@a‘iu E’B&ﬂ' al (who

| ast checked i ormation
to a dat abase mhmmegmharnauiesnfsitam whiti acamisphabied laed indicate) tbrthrqpemnr,ethc al

usage, or both. Th r .reads. the RED t f t he b ens as t hey
are collected“’Y l‘fcﬁ '\a}lg Hhﬁﬁ%mr?o ‘?’%‘ﬂi’"‘f!‘he"}‘?@s ”f"’gﬁ%'?' eéﬁ“g\% "eh they were
used. As itens calle%norcmndgeﬁirﬂdi Gzllibe ad).p&tragetsmfchﬂameabﬁ@ tbrtdﬂeﬁﬁir@achbm where the
itens was collecte e fromaI| t tion ntering a

| ocati on code SFE‘F&;%'HEHE%Q ‘f' ‘%S'i‘F"Fiﬁ'i"E)a'? ‘“e’[j HE‘E anlgy ‘%‘39‘6‘& WEE with that
| ocation and \A@udhdutpfaelﬁgtca&h:yamcada‘dmﬁ)doma nFki RGN théliddm, ls@hat a@Rer, IN this

way, the I|brar {‘,‘ﬁff’FM{-'S able to obtain additional information about where
inthe |librar §/‘ wbsTaind APty fo dgtermipg iEp B ER YR I SOMEWHEf &2 used i n

the library argndif bﬁhhwaaaad .9@ bih, BOPLbIE BF Even {rod piRX 3KBle@nd bil&r Addflsgae! d

devi ce coul d make a single b the itens on the cart to record them
The functi ons d@%é??ﬂ?&ﬁ“ﬁ‘ﬁ“ﬂ%’%f%dlr%éj\eéﬁh are referred to herein as
"sweeping." -28- - The benefits of a hand-held RFID device are nunerous, and

include the ability to locate itenms nore quickly and accurately corrpared to
readi ng each cal | nimtheclaigr appenfies hetata; persens wf ordinaey sisitl will repogrizethatthec| ose” to
desired itemq t em of
interost, the dBiT1eu Rl BBl ATRS (5 es BOUCS FEARRELY rhreiOB bRicH'
criteria (| ost medgt andiibeieed 0poquld petbdricomplepdeirtipied mamlalls atch @mpackigess,

ete. ). and N Sepd blibingh HebHGT ddiked, Wi, LOMoBAS, Siyires ApLaEsihd g ndi cat e,

to the operator
of value.




correct location for the items. This would include itens that don't bel ong
in the collection being scanned. O her advantages include the ability to
enter transactions directly into the hand-held unit when itens are | ocated,
the ability to identify an item w thout-2saving to scan a bar code or any
ot her markings on the item such as author, title and call nunber, and the
ability to determne if a given itemis sonewhere on a shelf, on a library
cart, in a Ry a table or even in a pile. These and other advantages
will be apparent to those of skill in the art. In the clainms appended
hereto, persons of ordinary skill wll recognize that the itens recited
could be library materials. (inclugdi oQk: riodi cal. ma | C.or

opti cal - medi o, * ATBCTHLS, iy el BERe B F el P BV eE of

mat eri al s sREFID &g, aaageBighe stetdfer s, paintings, el ectronic devices,

ani mal s, autonobiles, bicycles,. or any other itens of val ue. ﬁg W claim
1 A method of uGPrigPutpsFormponte B Hexjsedlescing mecgpiuETer Sl oL e
having an RFI D {%cafifiidtht RIFNY tdgh QssotiaRa “Qﬂa:eaéta&eﬂmmetgw% Jfb@E;Mati on to
t he device describing a certain itemor class of itens; (b) scanning the
RFI D tags associ &) a@ceiying signdhirpmeach of theecagned i 1Brtags; ads; (c) recei ving
signals from eachyo . ) 1 : lhved
i nal s to the i o mRin s e Rl O LT Bl e P ALY
certain itemor cl asheths the ertgindfesm praase nf itemoarg prebent gmonp thefgréupenfitemg. The
met hod of claim11, wherein the information is selected frominformation
describing mssing itens, itens that have not been used within a specified
period of ti2me, Thtertholdldtlalintewhatinheeinfeineddeld selaited framamfonhationi t ens t hat

have been desigpated for hold status, and the ownger of t ite .3. The
met hod of cldE%CHFIf,g RSN 1M ﬁ]ﬂb‘?ﬁ’fﬁPP e Sed HETaR ﬁéﬁ%ﬁ]‘*ﬁmeﬂogsﬂ%rﬂ%ai | abl e
from the RFiELeHRAMBAL nbt Sehichecked TS inBADSitQhs hhB|a beenRELRAEd TR GolEL hOd

further includes the step of: (c) providing an indication in real tinme to a
user that t l@tisianhtisy ownesgbthgfitemsens of interest were | ocated.

3. The method of claim 1, wherein the information is contained within and available

from the RFID element itself.

4, The method of claim 1, wherein the method further includes the step of:
(c) providing an indication in real time to a user that the item or class of items of

interest were located.

5. The method of claim 4, wherein the method further includes the step of:

(d) recording in a database that the item or items of interest were located.

6. A method of using a portable RFID device, comprising the steps of:
(a) inputting an algorithm to the device that describes an ordered set of items;
(b) scanning a plurality of items having RFID elements to obtain information from
those elements; and
(¢) comparing a description of the items obtained using the information obtained
from the RFID elements to the algorithm to determine whether the scanned items

are in the algorithm order.



5. The method of claim4, wherein the nmethod further includes the step of.
(d) recording in a database that the itemor itens of interest were |ocated.
6. A nmethod of using a portable RFID device, conprising the steps of: (a)
inputting an algorithmto the device that3pdescri bes an ordered set of itens;
(b) scanning a plurality of itens having RFID el enents to obtain information
from those elenents; and (c) conparing a description of the itens obtained
usi ng the infor i t ai 1 : .gorithmto
det o ne wiiet non e RRBEELARR 5, LhAEh N RO h B RIcEl g G 81000 LT ! e
met hod of cl ai m §J) prdnddiag an {rkiécatied tooduskuottahg itelnahgs s e $n theelgotidn ofder. ( d)
providing an indication to a user of any itemthat is not in the algorithm
order. 8. The nmethod of claim 7, wherein the indication is provided in real
time. 9. Thg. net pdnRthodlofichin 7, whaeeaitk hicationds prlided id &alimyi ded in
response to information obtained froma database separate fromthe RFID
device and the RFID tag. 10. The nethod of claim®6, wherein the algorithmis
based on an gor dei0ehe M3t Rlaih 3t whetein ! RGLAbNT it FovIAAE iPRYshsDRChBRhatRHSt €M
the Library of Congress System an al phabetical "listing of authors, and an
al phabet i calobtainsd ifeqn ofatabaps separatelironnthediBdevite and thg REIPéagt abl e RFI D devi ce
to associate a certain itembearing an RFID elenent with a | ocation having
a group of itens each also bearing an RFID el enent, conprising the steps
of : (al) scanwoi n]g Tmbaaleﬂlﬁulbfelamgghasimhﬁ dApetihmiis Isuﬁédnen ira]ﬁ amriﬁ@éys?ﬁmMimg t he
RFID el ements of at |east o addj tional itemwthin t rou i temns;
and (c) det SFRTF] ﬁgﬂ%‘?ﬁ\@w FRRMBLPE S thed dbrrBAt Sioggress fbﬁ%ﬁmég@fp&a?fmaﬁl
items. 12. |ilhe smbives, &ld & Apibdidoal Mé%ﬁ»’l?%ffbpl’cl@.e nmet hod further conprises the
step of (d) providing an indication of the determ nation made in step (c) to
the user inreal tinme. 13. A nethod of using a portable RFID device,
conpri sing tihe ste . . (g | I nt
mesoci af od tlE.er o @gt;h% of usdifl) a PiaBl RIS RVick tCIERNL BYer®in REh BeSify T

RFID element with a location having a group of items each also bearing an RFID element,

comprising the steps of:
(a) scanning the RFID element associated with the item;
(b) scanning the RFID elements of at least one additional item within the group of
items; and

(c) determining whether the certain item belongs with the group of items.

12. The method of claim 11, wherein the method further comprises the step of:
{(d) providing an indication of the determination made in step (c) to the user in real

time.

13. A method of using a portable RFID device, comprising the steps of:
(a) obtaining an item having an RFID element associated therewith;
{b) using the portable RFID device to interrogate the RFID element and obtain
information therefrom; and

(c) having a user input information to the RFID device as to that item.

14. The method of claim 13, wherein the method further includes the step of:
(d) using the information input in step (c) to update a database that includes

information as to that item.



(b) using the portable RFID device to interrogate the RFID el enent and
obtain information therefrom and (c) having a user input information to
the RFID device as to that item 14. The nmethod of claim 13, wherein the
nmet hod further includes the step of: (dBlusing the information input in
step (c) to update a database that includes information as to that item
-31- 15. The nethod of claim 14, wherein the database is updated when the

portable RFID deviige 1y nhpiesticRiintia, Sndan Md\tibha is QPadiQ R hOBGkable
information to that database. 16. A nethod of using a portable I D devi ce

with an item havi nqREER dRFicDis wwhuentadd to glogidngmstatépn th dpwnlopd infermsion &t that t he
steps of (a) i nterrd%%%ggeng the RFID elenment with the RFID device to obtain
information therefrom (b) identifying the itemusing the information
obtained; (c) requesting and obtaining fromthe portable RFID device further

information regarding,the item.17. Th d.of claim16, wherein. the

i nf or mati on requestlgdAi‘HEtE?‘%ﬁSWai@“&@?ﬁﬁlﬁgew??g ﬁ%ﬁﬁ?’?‘a@&ﬁtaﬁ' within
the portable RFID Q%ﬁ&@ass&&ateﬂhﬁrdﬁﬂb@ﬁn@rﬁsir?tﬁé Begsof: Wherei n t he
information requested in step (c) is obtalne from_rrermré_t,hat i S separate
fromthe portabl @)RMemoawgélaeéﬂ@#lgmwém@ft@%@@wqeﬁeoa 1 igformatjan A

met hod of using an RELP device, conprising the steps of: (a) interrogating a
group of itens each bearihg an RFID tag; (b) providing to the RFID device

i nformati on i denth)fijémidying theriteri using ths mfamatioeotainedid (c) receiving in real

time fromthe RFLD device information.identifyi [ that .are not wthin
the certain clas¥of | té??él.esnt%.an Rt Bodni.}}epgﬁgﬁ)lﬁﬁg,ﬁ RRES gr&'e"ﬁ he cl ass of
items are itens associ atigfdrwdtion régarding theGemar | ocation, and the information

provided in step (b) includes that |ocation. 21. A nethod of using an RFID
device with itenms of interest that bear an RFID tag, conprising the steps

of : 17.  The method of claim 16, wherein the information requested in step (c) is obtained

from memory contained within the portable RFID device.

18. The method of claim 16, wherein the information requested in step (c¢) is obtained

from memory that is separate from the portable RFID device and is transferred to the device.

19. A method of using an RFID device, comprising the steps of:
(a) interrogating a group of items each bearing an RFID tag;
(b) providing to the RFID device information identifying a certain class of items; and
(c) receiving in real time from the RFID device information identifying items that are

not within the certain class of items.

20, The method of claim 19, wherein the class of items are items associated with a

particular location, and the information provided in step (b) includes that location.

21. A method of using an RFID device with items of interest that bear an RFID tag,
comprising the steps of:

(a) interrogating a tagged item with the RFID device;

(b) entering information into the RFID device describing the location of the item of

interest; and



(a) interrogating a tagged itemw th the RFID device; (b) entering
information into the RFID device describing the | ocation of the item of
interest; and -32- (c) collecting in a database the information entered in
step (b) regarding the itemthat was int®-rogated, wherein the database is
separate fromthe RFID device, and the information is transferred to that

dat abase.
(c) collecting in a database the information entered in step (b) regarding the item that

was interrogated, wherein the database is separate from the RFID device, and the

information is transferred to that database.





