;e3e$! $@ h6T < APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS

| NCORPORATI ON BY REFERENCE Thi's patent application cl ai ns[mmmwmwmﬁm U.
S. application serial nunber 09/134,686, filed August 14, e
sane title, and U S. application serial nunber 09/344, 758, fit®sdodune 25,
1999 with the sanme title, both of which were assigned to the assignee of
the present invention, and the contents of both of which are incorporated

appl cat i one for radio {1 ARRHSATIRRSHORRADEERRGOENEE . *an
particularly to the use of suchygpN mhqgtﬁ%Y?mSlS BACKGROUND OF THE

| NVENTI ON El ectronic article surveillance systens detect the
presence of small electronic devices placed on or in an article or carried

by a person of ii}i@bﬁ?ﬁﬁ[@@??%ﬁ@ﬁc‘ysed inretail or library
environments to ut hori zed renmove( of articles.
These devicds, which Fhigpasahwrplidatjoricirimarpriasty fragd). Srapplizaticarserial tvanber in t he 20
past contai ned 0%9&33,@%6?51@@?\11 & 128088 HitlGe § ltﬂE,%ﬁ@ﬁ?seia licaftbh dekigm Thi's

informati on coul d alned by electronically interrogating the_ tag,

ei ther internittenmpg 08434‘136%ﬁ'?&/ﬂé%%ymgﬁtw“hé’&ﬂmeﬂél&rb"&l which peteyassiggebf EAS
systems have evolyef aipke dfiHR preSEhE RvenBeS Bl 1R cobi@MYs bftoth dfWhRA hr@gat i on was
earned out: nagnetic, ma%netomacham cal, radio frequency (RF), and

mi crowave. OF t hd®QMORtsd by mefejense heily st ems have provided the 25 hi ghest

| evel of segurity in nost applications. Magnetic tags are easily hidden in
or on an object, ié L.cu det ect (because they are | ess susceptible to
shi el di ng, bendi M@Ab&@ Ire), and easy to deactivate and reactivate,
tﬂer eby pr ov}di Rg a hirmnikﬁ@dneeatéﬂ‘tgg@mhﬁibﬁs)fora&do ﬁéuiliencgé mfenﬁiﬁerzaibh(lgmpgar di ng
the status of the_ tagged article. ny, users. of EAS systens desire to
know nore than jLf%’?te'gﬁ%'{gﬁé?mﬂar{ygﬁag&Selc\égf“éléfys‘le’gs ‘ﬂ?’g@gﬁt. They al so want to
know whi ch tagged object is present) for exanple. Detailed information

regarding the ch%g&gﬁbﬁi?' %ﬂi&ﬂ@ﬁ%@l such as their date of

manuf acture, inv : have general ly been conmuni cated
to Electronic article surveillance (“EAS”) systems detect the presence of small

electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter theft or other unauthorized removal
of articles. These devices, which are commonly known as tags or markers, have in the
20 past contained only information regarding the presence of an item. This information
could be obtained by electronically interrogating the tag, either intermittently or
continuously. At least four distinct types of EAS systems have evolved over the years,
based on how this interrogation was carried out: magnetic, magnetomechanical, radio
frequency (RF), and microwave. Of these four, magnetic systems have provided the
25 highest level of 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
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-2 automat ed handling and control systens through an optical bar code.

Wi | e i nexpensive and effective, the optical bar code system has certain
limtations. Bar codes nust be visible, which limts the |Iocations in which
they may be placed, and bar codes can easily be obscured, either
accidentally or intentionally. The range.at which a detector can sense the
bar code is al so conparatively small. The bar code may al so have to be
appropri at el yydgatdiinanifg wcoqetleg&énmhmetmophes BHSBdDAWhifARSerdive Of ten
exposed to permt detection arcode Ts susceptible to damage that can
result in degedeffestive theloptieal baricade system has certgin Emitations, Barspdasanusibscessed one
at atime. T r ableor
et i ci ont £ SARAYERL Hedolorlw R Y ik 4R bah el BRI
recently, el bebbsgnied, mldemcclﬁemdmoomte(naimﬂy kﬁmmgast whichi a)ddtm:,cqwgncy

identificati 0 D ue eve dress the
limtations g?"s Eﬂe bgra?gdﬁasraqsgcfgg'paréﬂfP_Ssré‘?)‘s) qr g‘cega gg()tl;n provi di ng
obj ect i dent appropdidteippasitibntd ft detagion. balso ebeaudsetfar cmdemhrcloﬁerpexpmedltmg obj ect
security because st. REI D systens operate in frequency.ranges (~1 MHz and
above) 1n mPew"tfi%ct% heboRdt st B demobr he LT I GRT oncy

associ ated \Mfdilhrersadwly maqgenems inag be p’&bt@ﬁ,ﬂ ohe@zausrﬁae t1hese condiralnes ofshi el ded”
by) for exa covering e ta nd or alum pumfoil, or even

pi aci ng thenB%{g"q ﬁsﬁteﬂlﬁé‘?@ke g%?t”lb ‘37 LEpr sofpg pPicaoRtesich 2t ags may be
bl ocked, althﬁugﬁgﬁmayﬁneaange is superior and bl ocking woul d be nore
difficult. Thus, objects tagged with an RFC tag may escape detection,
either inadvertently or intentionally. This greatly reduces their

effectiveness as apfaifebdnly dGeekoRS idelBiftddoNRAIANDWA aEradloTRqhGlpt ed to "smart
cards " Both contact and contactless smart cards have ap E‘gared in

conmerci al  apispiifeatipherdkFIB)iachnigusy bpyve bespderepppétoaddses the baitaliophofa speci fic
person rat heBR fiaRBar¥dded) l@rb%ﬂéﬂé’:@ haR s&kedel SoMETiding bBES sHehShichiish angcuri ty and
tracking of the smart card (or of the person carrying it) are simlar to

t hose di scus &aekiaghbytears deficrm 'E)Pfﬁéﬂdk‘éloklw‘ﬁh‘é'f@é@e#list grogt systes¥oci ated with
RFI D mar ker s og&Gedh ﬁlzdu@ﬁcy r%ée?@ﬁ%ﬁ%ﬂd'ab@x‘e) IR RO B Sidabily@fehied tie art of
radi o frequency- and m crowave-based EAS tags. Substanti aly effort has been
expended in secuehelciensy peeaiangd wHiradieffiegpenar tags anises besatisothey eanbency- and

mi cr owave- basggeiEABpY, T oxaPIelring 1R \K}ﬁ‘ﬁa %G%tanttnatnlm iopByegved their
performance as security tags. U 17) 5'(Harl ow et al.),
entitled " Du#lacing thetamidy ok MW%P%Q@ tadlatﬁregwneotass ma)’d@sﬁ&‘ﬁ‘%s a dual
frequency —afhdidf Qe W pbitd ald WckinBGloHA%E rtte BRGNPl dfddlst having a
di ode, and a deacCtivation circuit eactivation circuit responds to a

| ow ener gy ataggehwith ayREEYsemay escapeldgtepjon; eithgtinpdyegenily o b‘i@fé“?fﬁﬂx he di ode of
the antenna ghfsGlatly ?édu@e?» the(i)r e@f‘eéﬁ@c% s ?@cum %@cén%hf'ﬁ)aﬁc@ﬁs%%o t her eby
deactivating the tag. h usef ul orre applications, the

capaci t or - baselated g Smméc’!fdg qlfnCONa?tlaode@ftlaCd?SS smaly cardsheve rpnesred ial  char ge
over tinme, t nal | y.
Radi o 1 oquereyMERa PRIGRUEE Srif A% DRERIRMRE PR R

4,745, 401 ( Mbhaneath asaggall opjectndstsurdeelacdtlaghestenmt:ehrdrtmakmg aftbe sreagnerd ¢ el ement
altersthet &) I &8d by an
accessory de |c°g)gheéjedsopgere'&/ cs' ar a‘ﬁoslrgéi Bussed rggg%efﬁ{:y res%nge of the
tag. Although these tags have a certal n utili ty, they still do not address

t he i ssues of enhapced ecurlt fication.

i dentification techhtFy 'sa\gg edd%'\gll’eﬁ%) ol Js ﬁreﬁﬂ%r ttpqmtseg%grr%g?ﬁyes,

i ncl udi ng Moanyont skilleddmihe a(-tsm‘eadld frequdney-aant miduoasesased EAS, 18830 and

5, 565, 846), [.n ts ee U S Patent 347, 230 and

5,541, 604)) %‘%‘ ﬂ?ﬁ%’t‘*ﬁ%g“ﬁéﬁé B‘?e‘?ﬁﬂtﬁ“&f“g‘s t‘srﬁ*r&%q%ﬁF% %§}‘§’t%frfﬁ°8 Psee U.S.

Pat ent Nunbefigqubnéyt AndbRicrowavédased FAS t@so%ww,,noﬁe Rﬁ@u%&ﬁinal@&dpr‘év@? 851),
CSIR (see European docunent nunbers. 0 494 598 624
Al; and 0 61thesrgsrippnanceiassequiiatags. §.S. ﬁateéwt‘o Ntﬁ%ﬁé?%ﬂéﬂsz'sﬂz'z C“‘B 50, 547;
5,521, 601; anlguﬁF%aenlzﬂ%)AS PIAitRENEAN IRl Goil™! REdHHENY £ f&BEcY. S Patent No.
5,625,341). These tags all aftenpt to provide rempte identification wthout
the need for a battery. They operate at frequencies ranging from 125 | CHz
to 2.45 GHz. The |l ower frequency tags ( --125 ICHz) are noderately
resistant to shielding, but have only limted radio frequency functionality
due to bandw dth constraints. In particular, systens based on these markers
generally operate reliably only when a single tag is in the interrogation
zone at a tine. They also tend to be relatively bul ky and expensive to
manuf acture. At higher frequencies, (typically 13.56 Miz) 915 MHz, and 2.45
GHz) the added bandvvl dth ava| I abl e has permtted the devel oprrent of

o .y o o o v o . o



demanded in certain applications, such as a library Fromthe foregoing
di scussion) it should be clear that there are a nunber of applications for
RFID tags in various environnments in which the identity of the tagged item
is inportant. For exanple, PCT'" Publication WD 99/05660, published February
4, 1999 and assigned to Checkpoint Systens, Inc., describes an inventory
systemusing articles wwth RFID tags. The™Ppreferred enbodi nent descri bed
therein contenplates th se of, RF[D tags in library materials, which may
then be checked SRTOVAYE GARFAELH gudss an 1B RIGHL PGS § HEserengs desptvafgy
determ ne the i deifduitl ThexdeadtiiRioNBitdit redponddi0\ad0HeEnergf alberiskify mapheticigldiby ant  or
desirable library or. other inventory functians.remain I are n
described or sugyE8PR O agte%t}(e%%%%%pwmpgﬂl} S%Mﬁ%ﬂg‘f%ﬂéa& NTI ON
The present i nveattermn, theedby dexstivatingRhd dap. d&thocghusefil fiarl sonde aypplidadomdee d RF>D
devi ces, and applications,for. suc I ces. The devjces and applications
Ty be_used | n coHRaer SR WP pr R EEorE L p SRR R A =R b L ag,
and optional | y awhizhoeid ausaeieusg tb peseine awivited uhinenti@nalilyces and appl i cati ons
are described with particular reference to |library materials such as books,
periodi cals, and nmagnetic and optical nedia. OQther applications for the
present invention ar eRadiodreqeaneyi ASomgshf thBRIpERIsBRTRIUET Patentd¥o. 3,785,491 ZAW NGS
The present invent [ ' | t i | to the
@Fﬁ&n e?al.ﬂ ﬁﬁélﬁ{i(éeahﬁ%a%ﬂ efdinbift' e &%@&HF :elle(z)%rﬁ Qltéﬁix@ﬁxﬁﬂ%ﬁfr

attached Fi gures n whic | ers represe e structure oughout
the several vi ewshe tegihen it hogHieertsuitablyomagmitigedrbs gn acogisety device,3ng therebicedkt i ¢
1ustrations of weghiPndeRRofeNselof #tds! WiRhEPIodehihed il iRgRl | C of

a second enbodi nent of a radio uency identification tag; Figure 3 is a
schematic top vi &l drnopaddessiihaistupsot eahapped mcyyity and adeptificatial ock di agr am of an
RFID interrogati on systeminteracting with an RFmtag; -5

Radio frequency identification technology has been developed by a number of
companies, including Motorola/Indala (see U.S. Patent Numbers 5,378,880 and
5,565,846), Texas Instruments (see U.S. Patent Numbers 5,347,280 and 5,541,604),
Mikron/Philips Semiconductors, Single Chip Systems (see U.S. Patent Numbers
4,442,507, 4,796,074; 5,095,362; 5,296,722; and 5,407,851), CSIR (see European
document numbers 0 494 114 A2; 0 585 132 Al; 0 598 624 Al; and 0 615 285 A2),
IBM (see U.S. Patent Numbers 5,528,222; 5,550,547; 5,521,601; and 5,682,143), and
Sensormatic Electronics (see U.S. Patent No. 5,625,341). These tags all attempt to
provide remote identification without the need for a battery. They operate at
frequencies ranging from 125 KHz to 2.45 GHz. The lower frequency tags ( ~125
KHz) are moderately resistant to shielding, but have only limited radio frequency
functionality due to bandwidth constraints. In particular, systems based on these
markers generally operate reliably only when a single tag is in the interrogation zone at a
time. They also tend to be relatively bulky and expensive to manufacture. At higher
frequencies, (typically 13.56 MHz, 915 MHz, and 2.45 GHz), the added bandwidth
available has permitted the development of systems which can reliably process multiple
tags in the interrogation zone in a short period of time. This is highly desirable for many
product applications. In addition, some of the tag designs hold the promise of being
relatively inexpensive to manufacture and therefore more attractive to a customer.

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



Figures 5, 6, 7, and 8 are illustrations of conmbination tags according to

the present invention; and Figures 9, 10, 1 1, 12, 13, and 14 are

illustrations of various enbodi nents of the present rnvenhon. DETATLED

DESCRI PTI ON OF THE | NVENT10N ' The enbodi nents of the present invem on

descri bed herein make use oC RFID tags, 4and preferably of conbination

RFTD/ magneti c security tags Tags of thi's type were disclosed in U S

Appl ication Serial Number filed June 8, 1998 and entitled
“Identifi cat SHHIPEGIstHsH ra ‘b‘édgeﬁé&'li‘f’i ’B’)‘)"‘ge\ﬂﬁl"tgh ]‘?Xﬁls"%é%“s'f‘ Bhed to the

assi gnee of tdh,qa,mesese@ha,hayﬁeguoag s@dhds WaSralyncor por at ed by reference into

the U. S application fromwhich the present application claims priority. A

detail ed description of the magnetic, RFID, and conbination tags used in

conj unction Wi tgohhRe emgeﬂg m?wsﬁoxpfnt srutu?d R s thENGRLd RibeSofdescri bed in

Section I) below, and the énbodi ments of present invention are then set

forth in der applicationsdestRFER tags in \wepwnwronmmgmamdehwemrsotﬂbﬁ taggad W t h
Enbodi nment s e t ts of the

Erbod ront s SengBRERCRly SARICIY MY Lo WP SR ERRleED o1

i denti fi cati dA%%and asfigred td Gle%ctmm‘slyttyna, Inca descrilels @n iherenitony systTmeysingr ef er abl y

| nclude an el GRbyih D s SRARRRINFerliBahePBNSHE Lk R Toh ARl MheS ONal)

and an el enen IS responsi to a radio frequency in ogat |

signal . I n omee offRIIDI tagsnn hbrarh@atwalgln,e&hl@ahaythn@spb&tked/@xtevtememall)ab)so

provi des the r.equ S e term

"responsive" "ﬂ%or#smﬁg Ihg?ﬁhygé t‘?gétg r}e‘?%hﬁen??'y Osfghne{)'%ﬁ%n\?\eﬁ??‘gﬁ}?qtm?ﬂ-{?

el enent pr oviofiesportabtedridegyatie hbranyfcmbﬁmrtmmtonyﬁnct&ubgeemhehhtmm mn appropriate

interrogation fi. ch . The tle dItVeI ggca bﬁ%{frrents are described first bel ow,

fol |l oned by geﬁg ?&'g%’ﬁ ‘r“ 2\ 't PBin tag. As will becone apparent,

the enbodi nents of the present invention described in Section Il, bel ow,
may i ncl ude gj r B T, al one, or a conbination of an RFID
el enent and i ment. A. The Ma etical ~r- Res~Qnsi ve

E) enent The rragnﬁl‘heﬂxleke)&t-ihmﬁﬁn&ia\eetceRElﬂTEd“eMcéssmplD&f\ghﬂidhgld RERdevicess | ow
coercive force h. per nea |I|t r tic nmateri ch as the
material used™ FPPJR |0§:E [ 5% g‘é‘i"i%by Jev'éestgaﬂga‘m% 'é?g%'f‘?f‘m ‘ﬁf“ﬁ'& and

Manuf act ur i ng:ommﬁr&iwn}oiien{suhat Rauksocibled with ot RFIDBMY), anth dptionklea de@ie@:nati on

"TATTLE- TAPETM' .br and Stt‘ﬁ These tI‘IIE) s g?r keh ass nbl are
descri bed i n S <lement, Thedeviges ap f‘Ré’ caighs24 deseribed, it pargicudar éfeé?ﬁmNos

5, 331, 3l 3 ( KaibtaRgmatendls s'ﬁcl?é’s%o@ﬁﬁpéri?ﬁtcﬂﬁ &Q@hagﬁeb@arﬁ%’h&ﬂhﬁdﬂf odgkich are

i ncorporated by, reference herein. | ar coercive force) high
perneabi lity aPéi“’f“b‘?Péé‘?féPq Eeﬁ‘?ﬁ‘t'e‘fbf“é?"s” 29 ¢ é’°’£fgr mal | oy (a ni ckeUiron
alloy), and high performance anorphous netals such as those available from
the AlliedSi gna 0 under the designations Metglas
2705M and Met®y Mresponm ve el enent may be either

single status or d‘Hélbre&hﬁlﬁVbﬁnordﬂﬂ@dﬂﬁbea% £roatéritRtal i refer@hceltb ehedtthéhei € Wi t h
which the elepent |s assOC| ated. For exanple, certain reference bogks in

libraries ar &8RS ngvhish like pesohers representelike SWCM%WUEQM thesguera) IeWSAME- st at us
(non-deacti vai fkicg) marker woul d al ways i ndicate whether such a book passed
within an interrogation zone Uther articles, such as commpn |ibrary
materials or commBigeresil Ageh i aresghematcilivstrations @fieapiodtequensy idgptifisations senbl v,
so that when ke article has been properly processed t he marker may be
appropri ately deactivated to prevent detection ty the interrogation source.
Dual status funct Fighea3is g schemeficrafie spoopd grmbogimeatofiaradio§Rauenyy addition of
sections of hidhflai6PR FCI Vi ty magnetic material in proximty to the |ow
coercivity magnetic material, as described below and in the Peterson patent
i ncor por ated by rE@rWeswmwtompwafhcqm@m @gl | y-responsive el enents

have the ability d t hrough
a |l ow frequency arﬁgﬁﬁg QQ“HP&§%%? 8??§Pdﬁ%Eﬁﬂhé?ggg%éﬂwﬁﬁgﬁRggﬁﬁexanp|e)
and to produd®¥IB gy, edet erm ned characteristic response that nay be detected
by the receiving coils of a detector. The switching function of the marker
assenbly is controlled by the magneti zation state of the high coercive
force elenents, or "keeper elenents." Wien these keeper elenents are
magneti zed, 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. Wen the keeper elenents are
demagneti zed) the marker can again performthe switching function, enabling
the interrogation source to detect the presence of the marker. The keeper

el ements may be provided in different ways) as is known in the art.




The marker assenbly may al so include adhesive on one or bath sides thereof,
to enable the marker to be bonded to a book or other article. The adhesive
| ayers) may be covered by a renovable liner, to prevent adhesion of the

mar ker to an uni ntended surface prior to application to the intended
surface. These and other features of the-farker assenbly are described in
the U S Patent Nos. 3,790,945 (Fearon), 5,083,112 (Piotrowski), and

5, 331, 313 (Koni ng) Figares 5i 6o rpb¥ art dlsttayionsaff epmbication ibags eccoBbngadke | ow
frequency magnetic .el ements, of this type are difFrcult to shield from

det ecti on, the%fesﬁ%) V58U #0:1 i vely used on a wide variety of itens when
security i S i nport &guresoni@dd] 12, 03),and heate itayrdliendidastiouws @nbolinaes sfelect | vat ed
nore conveni ent | | etely, and repeatedly than markers enploying other
EAS t echnol ogipé%s?é';l d%l‘fe{‘nép(??g them nore suitable for use in certain
applications (such as libraries) where this characteristic is tughly

desirabl e B. g: 0 Eggg:é E~Re ~Qnsij | ement RF1D tags can be either
active or pasm ; MMMn addi tional energy source)
such as a battery, Thet@bdditRerdt O K&kt Utleh®h. dcIdibed IRAET SiXkeRE HLRFIDEr M t S

active RFID tags to create ?nd transmit strong response s%\ggt s even in
regi ons wher e 't§e? dprelerably ot s eten B IP BrEnekcseuninglags. j e ISYWRd t hus an
active RFID tagréeaicibed dﬂjscrqsdxcmon%ﬁémw@ms m@\maeanneg heog gdat i vel y
short lifetime of the atter% imts the useful [ife of the tag. In

addi ti on, the 93H¥edefdentifrayon hag Wih EphaacedSgcwvyt WB'F*‘ pReassiared tAti8assi ve tag
derives the er@; £hée BP@QSQsén@uﬂ&W%B afd\RastiRBrior NEA Eyh@feieﬂé&ﬁt'inqg@@'sng rad| 0
frequency field, "and uses that energy to transmt response codes

nodul ati ng t hetPphfgteruliere which therrespmt aPplicatioa elaims msiofitye A drtailed 6@6&@9%@ Of i eld,

t hereby modul gpd ﬂggr{eﬁ@l@!lg%li chﬁthﬁ%Eﬁ@s B8 kn {RjuhERBNWARARE erfIURTRAR of ThUS)
their range is nore Ii'mted. Because passive tags are preferred for many
appl i cati ons, thherescaninysntion isgpscrbes iPession ks ibeawwindthegabodimrents @fithe o t hi s
class of tag THA3R ifehidresle ity b forlid detdIOWSY&Ton 1Mbdibw " €COgNI ze 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 radi o frequency-responsive

el ement 10 typi cal hyjed S6IRudes: PP UGOWRE BABL Ame@Lof (i BYLAE Biderfiibh CUi t 12 and
an antenna 14. € itntegrated circurt provides the primary rdentification
function. It includetss wﬁt“mrtbe emhedigients of the jnversion desgribgddn featieml) Belat,or e t he
tag identific ocess
comands rece%@g&oﬁggﬁt?h b?@?ée{gﬂﬁaﬁ%ﬂnﬁh %‘}é’? gek,@umgmae&@ﬁf%vgggy‘ebgts for
i nf or mat i on bypreferably mclude egdcrmn) tlahdrmlsc lqmagnatiqjmvrregahnn sigaablagd ng
conflicts res r tion

si mul t aneousl ;Llnte‘épﬂgm zﬁzﬁ"% %0%‘24 Lﬁﬁﬁgﬂ?g%@g&gﬂ%%&& %tdlreolélg e for updating
t he i nfor Tnat |e@m)os'mmet!le|m?gn€ttlsa1hﬂmpm}slV@ret§ad¢Wsome9vmsth@pp'@m(fomtbe fadiot
reading the i d o Edbin abl e for
ise i n REID mir AP ABoriith ebnER: THGH pBh Ml Bubuthlem orthe 20 7
their TIRIS orpr&ag-m\temliunnﬂxatxﬂwe pllemdmptos)dps 1F?hlhlglbttsnf()mtlbhehcn dubjectekbto aM f ar e

and Hitag |ine_of ro | a/.l nd nd S ngl e iR, Syst ens,
among ot hers. a?ﬂré’p é‘é"&ﬁ% EWQ'VHI“%%W@% aﬁ?ﬁecﬁbedoﬁq%’ ‘%e& red
?per at i nlg f ;ecfumyl bsoﬁ dtd@ﬁptﬁgldapdhbnr?mnw‘g ltAhevill a@oiﬁeml);ﬁmmee, 2 45 S-i z
or simlar) ItFl typi ca i,n¢l ude .a di e ante such as
the |inear di 88 gﬁﬂggpﬁée"éﬁ‘gmm? ﬂ%ﬁﬁ"ﬁgf'b egtign I?'&Ffégf“hg‘q W@@%é"&’r’fpm e
antennas 1l4a &hmma&h‘aﬁzh&det@ alcB@bin@ibn @f il REIWEYEnt &FRANENME seheigent 1 Ca
in Figure 1 B. A 13.56 M~ (or simlar) RF1D tag would use a spiral or coil
ant enna 14b, aFie“EeHbvm attached to the radi o frequency responsive el enent
10b in Figure 2. In either ease) the antenna 14 intercepts the radio
frequency energy radl at ed by an |nt erroat| on source. This signal energy
carries both power Qam AgRelicdQ-RespQIsSe LIEMeNtThe ant enna enabl es t he
RF-responsi ve el emgq mE%xeﬂpcﬁl?rr&pﬁrﬂﬁrE AV rEiBfably aBOY loddSertiCe e and
thereby provide the response’ to be detecte the characteristics of

t he ant enna milgh fsemesbilityHemornagnetivanateyat, elmhlamlhmlmatﬂmaittsedlgthﬂrﬁkldﬂspddéved I n
the case of tags operating in the high MVHz to GHz range, the nost inportant
characteristic is the antenna length. Typically, the effective length of a
di pole antenna is selected so that it is close to a half wavel ength or
mul ti ple half wavel ength of the interrogation signal. In the case of tags
operating in the lowto md Miz region (13.56 MHz) for exanple) where a
hal f wavel ength antenna is inpractical due to size |imtations, the

i nportant characteristics are antenna inductance and the nunber of turns on
the antenna coil. For both antenna types, good electrical conductivity is
requ| red Typ| caIIy, rret aI s such ~as copper or aI um num wouI d be used but

e . o o o




where C = capacitance (in Farads) L = inductance (in rienries) closely

mat ches the desired operating frequency of the RFTD system The capacitor
may al so be a distributed capacitor as described in U S. Patent Nos.
4,598,276 (Tail et al.) and 4,578,654 (Tail et al.), which are assigned to
3M Distributed capacitance is desirable to reduce tag size, particularly
t hi ckness, and to m nim ze manual assenbly. 1n operation, as shown in

Figure 4, th io f uency-k.e nsi v i.S, hpterro y an EAS
ceour ty sysabhtsgsod SER R GRRALRCorbt At el MRS ERD R P 0 e
tags are to hbe dsignitone¢@ATALEITARBTMObratd ofipsz These pmips, e maskeadsbdntblies] by

pl aci ng spaced det ection nel s across the.exits t r i which the
tagged articl® eséjezif’ﬁ’cp Hb‘"‘if"g%)paﬁ@étasségnf:‘g‘t‘?\;ég&Cﬁ’g%ﬂ'%’%epgﬁ%‘ gggtgﬁm)ni t or ed,
or the |ike. (Romdgyutd,7e08e (Fefsofll; He@BeaTRY vHlichrdmcdip&itied Byrefofénee r ogat i on
source 102 (typically i1ncluding a drive oscill|ator and an anpl | fﬂugr) IS
coupl ed to arfieeHt Exsraplary Joy eesrwye fatce hipbsrmenkitity faromagpetic gnateppls inclugs

transm tting RAndlol @1 Médel/ich NIRGY, thd Hi@PLEBS¥indel fAloFphos médak Gich @9@bkeon si gnal
in the interrogation zone. The 'system 100 al so includes an antenna -1 o

for receivi ngvailabledom the AHisdpiznnd (ompanyral Mayastovah AN s widet thedesigaations | bed as a
recei ving coiNioBRo@aeE SiaNEieih0$714@&r processing signals produced by tags in
the interrogati on zone. The I'nterrogati on source 10Z transmts an

i nterrogation signal 200, which may be selected within certain known

fr equency bands t RAL nidp ity Ir@s'b&r%ﬂtel@@ﬁ\% yBQQ%epgn%fé’glatb%r%{xh%faﬁmw th other
applications, and becalse they conply wth applicabl e governnent

regul ati ons. dependingles theadtuse pirtbeereiple yith abish Hhsielement ingpsoriatede Fof ves an

interrogatio ' i LS o & r [ that is
recei ved by ?: ﬁ%hlggtaé gﬁ‘lﬁgrt‘%% 3%‘5@%@@%‘%??’éag‘f‘g%gZ"t‘?“e"?tg‘g?”%’gm?ﬁé et ector
decades t he nhspoingle-statdemon-fieassvatdbie) madeer would dwhysyindicatevhether sugh or mat i on
stored in a . : ew,ce. 1 . i on based on
t he code si g%gpyggesggedc‘%hdr? ; g{elno %B%(H‘%f pgée ?%%?’8?0%9 gg&ﬁﬁiﬂ? rated system
are known t o mawgms ayfcomiuriclal gands, mmyaeduire mdbalistatng mafker asesozbipp baethatgtieng

ol aoe of 1 ne 1 Aops it peP 7-RREH R naRR R, dong ARl B RN 01 <O
provi de si gnipréveaindeteatiuryube ofermogaion acwess Jiual atushirgtiphaligoseeneraly i n t he

f orm of r ead- r VT e BPD : e.oreferably offering
t he user the%g‘#]‘%{?ﬁraﬁgg t %’ ‘ﬁéﬁ%@f@a"l‘"g&ﬁ%’aﬁ ﬁ@%go%wggg?ﬂr@%ﬂa Ing its

cont ent s fr omprexiditgteathclow chheivitpoapietio materaios Yegsribedi bdlod apdim thar y, and

i nfluences ”i’%te?%;éep gtqn%%%tr%g{%‘;rggagng%%ggeat ed circuit portion of an RFID
tag. Typically, t n I n its of total menory can be

provi ded econom cally. For exanple an RF)D tag avail abl e from Texas

I nstrunents of Dallas, Texas), under.the designation "Tag-it" provides 256
bits of user pr ogr‘%ﬁﬂgﬂagneﬁégu ?rﬁspf"hswﬁ&%f“fﬁ?)’ﬁa%f g"”fg’gtybt? ‘g’t%'fmaﬁg?%ry reserved
for itens suchieaatidrivapidlyivhee pissa tbeugied lowdrelpency alermiiggmapneticfiehlBact uri ng

i nformation, .and ike. Simlarl n REID ta vai | abl e from Philips
e conduct of L GO E e R rafits Spiederk v Blradehinl 15 - coabe
provi des 384 thut iy bt dets@ed byph®regeiahpoils of 4 detearor adfbe ¢wichiag Lb@Bnlftle reser ved
for the aforenenti one ifycpes lﬁf bi r}{gor mation. Thi ushg%r% acces?i bl e menory
may be expl oifeEEFr 2ECRRY iFoRIrelicd by temagpstization stpte g1 the igh cOFFERe ¥t at i on
Isygt em depl gké&d)e?fs,otﬁr “ee@afgdlmentsn’ Wheh fhﬁﬁﬂ(}!cp@ﬂdfmmb ﬂicrjlagrEﬁﬁE,ethé hbjlity

i braries identi jtens .scanni n n tical .barcode.. The uni
[ dontifier cORtNaTskeramapieeala uiidakand dop WgpinBe Aating PRETEHE f
dat abase i ncloftlienigtesodativ@iche iy Meted Sd e marker BipRaly iaHtdeRrted Whantier s (LAV
software), where nore extensive information about the item s pernmanently
mai nt ai ned. \KAPREE elemprys arg demsangtized.dbemarker Ga ssawﬁépwp@asyﬁalﬂ&&fw’wery vel |
in many appl lefsHiihg BRintbrrogdBin AME 14 YQect ihE PHAVEHOE BORS marker. IThE kedpeCONNECT i ON
to the circul ation database nust be established to access the information.
This iinvts telsmentsmayheprovided wrdiffasent waysossipkrionn ipiedtan itemis at a
| ocation renote froma connection to this database. Second, the retrieval
of information fromthe circul ati on database can sonetines require an
unacceptably long tinme, particularly during periods of heavy use. By
storing certain critical itenms of information on the RF117 tag, both of
these limtations can be overcone One exanple of information which could
i nprove the performance of a library identification systemif present on
the RF)D tag itself would be a library identification nunber. Then, w thout
accessing a database, an itemis "honme" library could be quickly and
conveniently determ ned by sinply scanning the RF1D | abel. Another exanple
of information preferably present on an ItFl 17 tag itself would be a code

N - o P —



Anot her area in which RFID systens offer an advantage over barcode-based
systens is in the identification of nultiple itenms. By using sophisticated
software al gorithnms, RFID readers and nmarkers cooperate to insure that all
itens in the reader's interrogation zone are successfully identified

Wi thout intervention by the operator. Thi7s capability enables the

devel opnent of nunerous useful applications in the areas of inventory
control, item trackidgarkeresemlynagaish tludedhesvdish sliefor betilsidesaheredfpossi bl e
to i nplenment w Lgébarc de- based identification systens, | -12#5. Tpe

Conbi nat i on TA&Rbledhesmarker tobe bpngigs isa Bookng other 3itigle g hhedhesiys Iy Ma%bs on t ag

20 conbi nes a pREAGYIaGembYbleHRAORSIrh@neldRETRA of Welnkhrigdh 1K nfivdeasi ve el ement
to provide the advantages of both. Thus) the two el enents can be applied to

an item of | nswFESPriQitto applicyigngo the iendedayriapy Thespasd ogct fatures phbe

combi nat i on t 4o aPYssBRbIPLe\kLAck IR 1RS RRAPNEE 3590944 iMégoRdNesI, e covered
by a renovable |1 ner, i ch enabl es the conbination tag to be adhered to a
surface of théPieravwskieangtded? 13hd (Koningy, all ancotpeeatedrhyrrefeence abaveanot her

enbodi ment) the tag uses the magnetically-responsive el enent as an antenna
for the radio frequency-responsive elenment. The magneticall y-responsive

el ement, when usedBemsuserdow fiequency, mignetal ebamienis ofithistypeoang iffctult to shield framii o
frequency-res ive t or n . so be physically coupl ed
to the radio @ fggcélﬁ}e{’ntga rﬁ&%oerf]fgﬁf&glyg;? %’r?é‘r%’t‘TLT‘EQF%“S%@O%S‘?%‘%YE%’n“%{@SV lrgrade

accordi ng to trhmwrantedeaddiiiany tay menbamegctbeteil adoeaoiyated chotevonweaigstlyl-i r st) t he
RFI D i nterrogat| our.c | d use radio frequen i gnal s to request and
recei ve codes c?%’@ér}]e'?hae"dirgﬁe\éﬁé@éﬂ\ 8a mé‘lrkreﬁsuﬁ"’tp.loy‘f'ﬁg@ef ﬁ%‘é?‘f’?&{'(ﬁ es\/\rﬂﬂ?% i ndi cat e,
for exanpl e, thee matendiisbiedartusoin ceftait Agpliaationclsechvis tibraviks) ederektds t ag 1 s

associ at ed, anﬁ whet her tg‘e article had been properly pr ocessed Second, a
magneti c intef %%céet"isd 'sﬂg Yd“% Fd interrogate the tag to determ ne whet her
the magnetic portion of the marker assenbly was active. If the marker

assenbly was activg).the i.nterrogation source would produce a response,
such as a notifi CMR@@&WM% had not been properly
processed. BecauseRFITetagBgn®t kithet MitiO€ bOGSiTeOAN b&ivaRdglndoBSdraésant t o

shi el ding than J.he lradi 0 frequegc¥ 'hnterrggg@ti on, the.magnetic portion of
the combi nati G403l SRETEY SOYFoHeH A BRHILRE & L& OPYTUEIRIS ) S8 B  at ur es of
bot h ][natgnetjI ic ;gﬁgb pabhits’ actiecgth Drr;ggsaem&hﬁaadd irﬂkmit?trgﬁmbﬁnmﬁhmmhﬁn tag. In
a preferred enbodi nent,. the conbination tag_includes :

magnetical | yr é%gl%’ﬁg’?'eré the inteEpgatipg, '°er§Be"Fg%‘E]|deF§k’£§3fWéa’h?ﬁ'é%%ml n the
circuitry of tipan Béli@ediddan gRMEYrah S HUvehvdEthe rediRely shofDlifetiie/dT theot h
functions, the antenna material nust exhibit | ow magnetic coercivity and
very hi gh magReteeh ’é‘"’r%‘a\’ﬁﬁ{' I"gy?fﬂ‘ﬁéagséf‘%@“é’@ the battery gdds t the digg gnd cgst

el ement)) and offhg @igat/pdsaiveag) BerDb LGt eﬁ&gnes&aw?&wim&aéfr@mfmencti on as an
efficient antenna). .In addition, the geonetry of the antenna nust be
conpat i bl e wi tHerngetipgsradie fiegieacy) figld, mrdsusesth @nerento) tranprait ERsPsheedesdl d, f or
exanpl e, be f %%ﬁq Jy: b on -13 In
one enbodi nent?’?'a 211 3 ﬂg@{p??ﬁg@@}t ggg’{'lt"&\@p e?%hﬂbE}g)éﬂt(raiﬁ?é}uggrﬁ%l%?ﬁ%%ﬂyot her

equi val ent radgiedelptingshesignst refleptagd baek eshareadsr antering e hugithelsirengg iftragipa t o
operate at 2. 4837 L he. (M A IR nd

t hi ckness of ;ﬁhits 'stéral&gggﬁéé'%g e:g,?g%r%ﬁﬁgﬁ%ﬂf?ﬁg@%gbﬁﬁ%dpg?m%%?gﬂ ng

f reduency and diseussion wikhezonfined ot this slagsfof trdge TIRFYeDkitled jn thesart howeyer,eall | y, t he
strip would b r | i | abl rom f urces

i ncl udi ng Car geecn e?e t&%gﬁgsgﬁ%s%? ?M@{éa"%‘.laﬁgﬁai“ﬁ%,“@h@g‘ﬁm? aél%te 2 ge e nane
"HyMu80") or awthahipmpéntios al | oy such as that available fromthe

Al li edSi gnal Conpany of Morristown, NY) under the designation 2705M and
its length would be between 6.35 and 16.5 cm (2.5 and 6 5 inches). The
term nal s of the iAssgnatieBigat N capdssiveradid flaquepbyycespoabile/elemeanBtypidallyo t he
ends of the security strip. Electrical neasurepents of  |npedance .and power
gai n have esté’ﬁwgﬁfé"a °f’ﬁ’8$"e§‘t§'caﬂ "ﬁe%ﬁﬁ@f‘iuﬁﬁgf"? o PR b‘leggf piestalede
fundament al elcp@iitrpréades SieariaRiyaddnsifitatisn Afiction © [GAGNRE seTtwand andicitlidngiopol e
antennas normally used with such a chip, and thus it would be expected to
perform both functions satisfactorily. Wen the magnetical |l y-responsi ve

el enent is used as at |east part of the antenna for the radio
frequency-responsi ve elenent, the two are electrically coupled to each
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 noncontact el ectronmagnetic 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 conponents

o o " . e . e e



-14 may be applied to the magnetically-responsive matet7al, so chat it may
be selectively activated and deactivated to provide a dual status tag. The
antenna 22a shown in Figure 6, however, is not physically connected to the
integrated circuit 12 or the dipole antenna 23, but is nonethel ess
electrically coupled to the dipole antemdna by parasitic dipole coupling to
provi de a conbi nation tag 20a. The di pole antenna 23 may conprise either
magnet i cal | y-pearanentlyisiase mattag identifigation and-atkey desiriale informpeanpivtesirgteandat er i al .
Figures 7 an t r enna 22 is
provided to irgce Jr‘%ogﬁfa f‘@s ’g%ﬁmﬁg'%ﬁ m’" l'\ﬁgg‘%gggﬂaﬁﬁ%g@ rgélﬁsgg%tl vely. In
t he conbi nat iformaign By)thesnhmm,atan A g&smeh@hardwﬁregrmi%gnonﬂ:mstes[mang ncl udes

di pol e anten 23h ch is parasiti cg t ant nnas 22b.

Ant ennas ZZbE%m%Blét%f THRYMNUE 1R 4)5TPE @gﬁd’ﬁ‘g‘?&@“ﬂb @?‘Ic’giﬂ %84 ant ennas)
23b may be ndstegrafed biRgitehdygadide fosypdmnig tie infatedtioalstorddrin ttshaenﬁmbl nation tag
20c shown in Fi e fre uenc) res onS|v e type
shown in Fi gLchég}Jﬁ“ﬁ‘@ ‘f)%‘?pz%‘f‘ﬂf)é‘éﬁ [ 53‘@'& {qr@ ‘I'qvuégﬁiﬁi%‘gst nas 22¢c.
Antennas 22c catéits¥Bigdledbr w58 GNREFMMCArkets Tn@ﬁ&};qﬂ&e\éealﬁﬁte ﬁbinaﬂexasamﬂmaiamennaS)
23c may be made of_gﬁgne i cally-responsive nater O her varjations of

t hese enbodi rfyher 85538- lipefiprorugts)T Wél'Rf\f@r‘E‘T"ll @‘Pﬁ%%‘fé@@‘!ﬁmﬂn'é‘e

conbi nation txgredias), Mokfoldandulhdd %@la@ﬁ&smeﬁqs dfongRatetse the tag to be
i nconspi cuously pl aced 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
make the tag thi nﬁ@%&ha%@olﬂéﬁfvﬁﬁlbroﬁ@ﬁ% m&,@%'tme%&ga@wmuén@? end of
t he book Conventional |Cs nmay appr oxi na t ht ck, and
the overall mft%ﬂ@wamnwﬁ@qw Kog exgmplee? ébﬁi]/l;:l(@@ymtaﬁdwl@t%svwm (0.025
|m). The comipiahl dRbedipa shitht LAY RNk a0l OfahRddfchd A F@H Tornt,
to enabl e the  aut omat guenlai appl i cation of 1 ndivi tags to
articles. Th|ls‘\,@éﬂ@rﬁdﬂedsiyml@mwr@a@éselmnvo@uaqhncj tof the radiodraghency PREPONRML| i cat i on
No WO 97/ 3627 l; ) ; ) or nore
surfaces of V\%nf:e%}régyﬁg &reg\ll/aer%d g@mg%@lg L“ gﬁg? u?%dg ‘9&%@%%6 lgalsqghre
sensitive adediagienna 1dpyas bl@vrreamwl@étcf theradiofeequesicy reamslai)fiﬁm@éﬂ%!‘ween t wo
pages of a bggre PG nl\& %as@'lﬂ@' fi€hma M Rﬁégc%pémee} ﬁ?re‘a[EchQﬁergy R¥latkady t
facilitate insertion of the conbl nation tag, er “options sucf‘;
sensors to demndueregatonsrce Jhlsélfbnf\}awwwgff@@hqibnewcfsmﬁi porprnds (osthem may al so
be provided. (5 ﬁfeamﬁnacamkmskﬁ@es%agwk ae.nsltk@gb%ﬁrbte ergﬁmo%{w cul ar)
al t hough not exclusive, use In rocessin materials Library
mat eri al s hawiomgr e IREhpDandigershy pravide ﬂlyrﬁepmﬂowe@eteﬁﬁb th¢y and out nore
easi|y) per Napgalbhdidihe i iHihnR St Bt HREHed I Bsyhiin \%mcm&%cbﬁalofatéﬂom d
automatically be checked out a particular pé tron (who may hersel f have
an RFID tag dssMamcédagwpwamrm lhemawzc'arﬁf}z rahgsnthe mestomperant passes
t hrough a sui ron
re-enters th éh?’ggrg%éﬁggs\?\nﬁ% é},{?&,ﬁé% ter aﬁ (ﬁ%hke%ggmq&ﬁe h%ﬁe ﬁ%éﬁ??@ﬁg may al so
assi st i n i nweletted 50 thatritig eloentio adntﬂmv@hgﬂuos mubgoleénabﬁbllava’r@glhldﬁnlary
adm ni strat or, 4 ia Inshantane i nuousl y.
These and ot h'gtre H?%alé? rﬁﬁg:}saigl?h{m%eas%g%o érfi" Ean. 2] \9@0@?2&@1 %ggggfé%ht to
bear on ot herMHppbi ecamblehw;-ers abiif \as/emgueamains nshmpdl:ucalgiulemo steor es,

war ehouses, and. t.he i not her. enbodi ment g could
provi de dual - "1 taE 2% WA the' ec’rrtafq‘nﬁ‘%%rraﬁﬁ'?mgﬁreb g Wp‘bﬁﬂ’ﬁe g]%ggbw A cgflr}lé'ls"gonse
(i ndicating vmﬂhhanemheomd@nebth@ntﬁm&w‘eegomf elédiécal @gddtaﬂit)hemqumtl vat ed or

deact i vat ed) hro radi o frequency r on i ndi ca | ng, through

the use of apﬁ'rplfﬁ % ﬁ‘te@%s%&’[%f’%per%fi‘ﬂw&}m %"ﬂ‘é‘sgg BS‘&‘@%’F’ PR Hg%ory on the

RFID chip i tSﬁéhﬁledldtﬁ@ﬁls bRE ad pepallBAChrdAS acadpRdbRAnY ateCinYadyr ocessed) .
still further informatjon as to t he .t ags

The foll ow ng es provi
used in the etﬁgg'aﬁfehwws ?fﬂg‘s I GRiRR-i 11 e dmperiaatithat theapuytigpedppee oBel oW.

Exanpl e One the selected IC chip match the impedance of the antenna for maximum energy transfer.

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



A conbination tag was nmade in accordance with the present invention. A
permal l oy strip produced froman alloy avail able fromthe Carpenter

Technol ogy Corporation of Readi ng, Pennsyl vania under the designation
"HyMu80" was attached to a test fixture manufactured by Single Chip Systens
(SCS) of San Diego, Caiifornia. The stri{-neasured approximately 1.6 mm
(0.62S in) wide by 0.0254 mm (0.001 in) thick by 10.16 cm (4 in) long. The
test fixture donsgifetezsngé, refersba@nckar sicliSG63.12 . KibusGhiatemmnt @dred. 88 McGad-t 0 an
LED di ode, Thﬁﬁ@ﬁ\'i Cﬁ wgesi gned so that upon exposure to a 2.45 G
field strong Bt %"ng r a typical SCS RFID tag the LED woul d gl ow,
providing an imredi ate visible confirmation of the proper operation of the

powerrecei ving portion of the device Upon replacing the standard SCS
antenna with the ACPBIGHPLIIE Oitkd NBdRAIQ 185reaththe RRA™MERRE of ES MaTkehAS nat ed at
appr oxi mat el y shéieh maigrd 2. €Tk cﬁ%{cﬁ@gushwh@%ésbmmun& thd\6hefang Reqkhtly cPper ati on
of the prototype. Exanple Two Figure 3 illustrates another enbodi nent of an
antenna that itke 1B&q epasdcuips xlvg. Thistindesirable fopohippingRmpRMYBHPEtingAangen; s
frequency, a Ggi lnsmg%oapﬁaﬁwmgnﬁarryxedu%e,nérﬁsf_ €fe @bacildtnayRitheélbe hUr NS
conprising the coil are tornmed froma“magnetic alloy such as pernall oy,

ei ther by et cifisaggte(qomponeanklor ntegratedrinto she)antediacaslescribstPelont ldegrastiagi on

t hrough a nmask. .The_ strai " ' i : i | SEr o as the
ragneti cal 1y PEigarRFaRy b i@kl BRpkaRRE ) bR ReGRhdes" RN PAF0 55

| engt h of the$daretaling wepahtenemtsequined Hite cegmoitartiy selebiedrsa that, mberedolipled | veness
of the nagneti ri 1 f i I shown in
Figure 3, fl u%géh%ﬁ'fdggdtab%ﬁp élfl(}e&rirgmhg a?)ttregh\%i @g\#sg@“%%U%Jg?ﬁg@ggﬂgé%n{)een added
to the ant ennatreaide, givendyer cone this limtation The constructi on shown in
Figure 3 would, preferably, include a capgaci s previously described to
tune the operating frequency of the ant eQEd_ﬁg_t_he prescribed interrogation
frequency. The characteristics of the ant&@mald€scribed in this exanple
wer e conpared ‘%‘visth t he characteristics f known antennas for radi o |Irequency
integrated ci M\{f%s) and because those characteristics were simlar, it is
bel i eved that the @r&@rﬂmam (hIFhgdgxanpl e woul d function adequately in such
an application The enbodi nents of the present invention described bel ow may
use either a tag hivi'AGBATSOHENBEY D el ement, or a conbination tag, both of
whi ch are descri bed above. |11 Enbodi nents of the Present Invention A RFID
Device with Maenetic Capabilities. Because RFID tags may _be shiel ded either
i nt ent i onal | y C@selYiRishesbg draigad operpinedreapeey pithp BE Vgﬁftei“t Tihg cappeiton M3¥por t ant
to provide botalyoBER BistibdielBipasior &s E8&HbEd InyU. 6! FFENNSs. U308 n%s {Ageed )l i brary
mat eri al , preferﬁgl on_t he ?a ,cbag. \Wen the magnetic security elenment is
dual status, A8% 'ﬁé‘s'ﬁ*gla“ Fya ?&5" aressigned itq ey huiedicappcange tfeact i vat ed,
its status is desRbledd teducia@RpPculaN@ ifidkRbss GAl t&.ﬂi_np.{izeanmme;e_mslfvfl eld to
that el enment. Magnetization operations such as this have no ei ~fect on
library materials such _17_ as books and nmgazi nes, but can have harnful
ef fects on magneti : ; i i (Y] i Wi th
magneti c capabili t?xﬁéﬂeﬁa};?@%@ﬁ@ﬁ@ﬁﬁ‘%g%%réﬁng%dﬁeﬁgédg%ﬁ;%{s?ﬁ%;ﬁlgﬁsy

i nvol verrent  bynterragated\py a0 BAF serpritysystem 100, which is typically located near the point at

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

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



As shown in Figure 9, an RFID device is equipped to read information from
an RF117 tag on an item such as a patron card, book, or other material.
Preferably, the information read fromthe RFID tag includes a designation
of nedia type (rmagnetic, print, or optical, far exanple), which can be used
to insure the proper subsequent processithg of the item The RFID device is
al so equi pped with a device, such as the coil, designed to enable the
activation arfor rdesining asigriablshayyn ashetewsd O4,iang sehetmes desprilred apareséivingie it em
tag. After the,RELD devi [ e the. REI D tag.,, the device transnits the
tom | dent i { RS QefREL R 0BTt e R s S PR A qed by o
| i brary autonmation vendor, or LAV. Anpong approxi mately 50 current LAV
software systens e."Dynix," which is available from ritech Library
Services of - Provo heinigoRenshspurrs B2 aiiri an on TR SRR DB BHE

Cor por ati on Qk séhestatEwithidr@inasown gedbendyBinds thid biehpréféred\baiausdrhey domm DRA, of
St. Louis, Mssquri, There are a nunber of ways to trapsmt the information
obt ai ned f r orftgHerapthothspanplicaipns, anshbecayysetasy comply Wi APRGeRG 8PYERYE ng t he
commands i nplrgimmbRe WhenthéradiMiehnelafeshohfl I GhANRBei s @h Rf@toghtRInP) . Anot her
woul d i nvol ve using an el ectronic device known as a "wedge" to transmt the
i nfornrati on sEgaliiftransmigs ifSAVRIEPANSE codh sienal 29y dlipt isgmwe%bxgea@e@@d%er. These
and other te [WallT=Lp-s - 1RO ' L tad N this
manner, the Filil?D cortr%olﬁg%&%rf%t@ hgﬂ%ﬁ%{%g\%&gg&ggeg%rn%‘%E‘?%Eﬁﬁéﬁ ons
formerly per f(typiselly bayedzon infprimiatien stbrad incowepscapmehdr nwiioghdeniey 108), amdy not
continue to i vice. T vl ks i [ to use
their existi nggi@gg\g?{e\?vaob g‘%§§§‘% gé&&ﬁgll dﬂ%ﬁ'agéﬂs’%nd’ dﬁg?tﬁlgﬁgﬁgpwgﬁgedenj oyi ng
t he added f ursgitéroplkinpwn trthosk @& skl i shepurtandlatiing, by eRAipl, usodseptregy. The RFID
devi ce need | . IS 1.finl I I i exi sting
LAY sof tvar e D fordi@nfiubltbh Bhric 1 bod BELE-GOREIRec 1R e

Opti onal |y, ant¢heaol Gdythansdistrited. f eedback nechani sns may be included in the
RFI D devi ce as an integrated package. In devices having both RF and optical
bar code reading capabilities, the device should be able to handle library
mat eri al s t agged WMddernRIFIDages alsh arovide signifiabednsqunerof bset hccessiblelrBemoty;

operation, t 1.G | d.pracess an itemfar check-in - sc g for an
RFI | ~ tag, aqgré’?l%%fe"?m\gﬁaﬁ%tl %“Qr"@ r"?'“gl\‘/)fynogr YRET eemngn?ocﬁyér?f’ i 1%3 {e?%%m)gode and,
preferably, tdflerimgiieaser ypeabifityoorapeeediyrupdat: hheafierdngberetvaigsg itaerdtepassi ng thi s
i nformation the L sof t e system, Wien the device jncludes both an
RF1D system gﬂo(?& gﬂ'ts‘(%g‘iei ?};{/ o %{Jrnyvgf(r) e %%%{ﬁﬁlﬁﬁdgcagygveﬁd e Seilhleélée nr{’gy al so be
used to creatcostRF}HD ibtagrsted crcuipditian bfentREID tamn | Typlzaliy; boeesh. 12Bibitsand t he bar
code would b the.j tifi (ar soci at ed

W th that | deherE ot AR Debe s Rid-BERb e, 19 cARp f I ECN 7
(recorded ontavdilabledrorFhexaslgstaimenty ofiDtlhs, dteher urdiat the designhticons Tagdi’ a t ype and

ot her sel ected jnf fien returned, fromthe LAV f e t relative
Do that o BToudts iRk ot flsd: Blobfaniipks bRk 1% addiord8 1B BleCormemoRT, (L2 1
devi ce of t heegerves éotitemnstehbs haupqefiar @bilhuabaovepesr o nmmantifacrarndg'

resensitizin nd .desensi t.i zi ng.of t netic,Secufi. | enent s attached
to Iibrary nﬁwﬁwagpgaa"&?réhk?hﬁg‘&fg& %f’gﬁ’r‘@gg%avtal%@’%’bp fﬁ'@é SERIEOOUERRLT ¢ s t he
identifi cgti CUﬁEindﬁ@Je(i}BN@thﬁrf:laﬁdQ, l!riﬂ&_th&“dé_sigﬁﬁtﬁo}n\lal’-ﬁodet’ Ip&)vldé%ﬂiﬁlqﬁts\wﬂser can _beI
programred to respond wi t .1 ndication o type of library. materia

wi th which tH%e"r%'ﬁ“r'B“&‘é{bh naddiiorl ) 2 hitg resprveg {?éSEA{(?rW'Wémﬁég{)onds Wi th
an i ndi cati onnfbhmdtiohhe tagged material is sonething fot which a specialized
magneti zati on operation is required (magnetically-recorded nedia,
typically), then the device can activate only the systemthat perforns that
operation. For exanRluSer abdessibitEmdntty ﬁ?ﬁé’@( Ritkd Qi eRRInESthE PatorimakeBFLD tag i's
associated wi.th an ordi nary book, and that the book may be checked out by
the requesti A§MIdsntifearion psismaisploypdgiopexamale; 93 libgasy evviromenbePrs¥Piat ed to

deacti vate thﬁramgalaeﬁxifﬁt&lswmhmg%p@ﬁa&nsglrcam'et. Frnt DAkudiaQififiet &onamed ) i f the

LAV software indicates that an RFID tag is associated wth a video tape,
for exanpl e, it thisrhagcode fsiugaddpaccassgiriseulatian darpbase/ineludingrenftweee pevideddyed t o
deactivate the magnetic security el enent associated with that video tape
This different magnetization system m ght involve, for exanple, a weaker
magnetic field or a field confined to the region in the inmediate vicinity
of the security elenent, so as to prevent damage to the nagnetic nedia
itself, depending on the detailed characteristics of the security tags in
use Depending on the detail ed design of the device, the procedure m ght

i nclude inhibiting automati c activation so as not to danmage nagnetic nedi a.
-1 9 Preferably, sufficient information may be stored in the nmenory of the
ItFID tag itself that the interrogation source need not transmt that
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| arge part because the user need not |ocate and align a bar code. Lastly,
the systemalso is a | ow cost one because RF1D readers are expected to cost
| ess than high-performance -20 bar-code scanners. These and ot her
benefits and advantages will be apparent to one of skill in the art. B Use
of RFID Device with Miltiple Itens, Anotlher benefit of an RFID device is
the ability to process nultiple itens at one tine, as shown in Figure 10.
Wher eas conveHbpaaomadan vsedornti \hipfiamre), vistd el crgnsivedafarmptiahahors can
process only r ne tine) a
O oupof 1t et e e ERERE WA BT iRl O nBERARIof 4

si mul t aneous| york¥hery vwe’a}n hanyapplications) nbtyayttavatv@ dmﬂtanpgeﬁ Rk Da i nt errogation
sources (read t he gle

i gn- speed. RepUPFAdR e BBl aBbals MR B4 B soMcel e Mrhali

al gorithns. THhis hmmqaaba\tallabjhtgofaat informau eden tbigent isaea loeajionredott Gomlai br ary

staffto process mul tip itenms. _To 0i_ d .havi t he devic erforma
magnet i zat i on“YPEFEL 1% t}t’ tdﬁtét?asf'ssﬁcﬂ é’%ﬁp?"éhﬂ‘%ﬂ"a&ﬂ% g ‘ﬁ%&?"&?ma group of
materi al s bei dgataseare semdimet Rrguickeani vasccemblpPRnAdR radictlarpdwing gerics o ssage

to the user uest i that all materials. of a.certai nd (books and
magazi nes, foﬁ Bgftoﬂégmg‘éﬂt' Gy t"ﬁ%‘?’)““?’b‘?qgﬁggﬁhffgaéqth terials of
anot her ki nd (mgedma@d]ﬂcmdwetca@es) for exanple). The RF1D reader can
determne fromthe information obtained fromindividual RF>D el enents

whet her the user has segregated the materials appropriately) and can pronpt
the user if he or GRexhiAfe Bﬂhforlﬁa"?to§uﬁl‘6ﬁ]cbﬂd EﬁtﬁWthelt?effohﬁ‘ar@QQitﬂ%Fary

enbodi ment, the device includes one area rocessi ng medi a_of one type
(books and naifigntifigetion systam dxeesgst e the RREP agsep atldabea@aarw&enpﬁ%@ssu ng

medi a of anot Repnet yﬂ{%n(\Vl'ttggpac%&gin%yﬁidtﬁagcagfﬁem@Gﬂ ggéﬁt)ouldmﬁut% pper
magneti zati on operation nay t e relrably pertornme to each material.
The devi ce magndosysnientlyl detremiaedibysyinply sceoning thel RER laba. Aoovherengmple efs bear i ng
RF1D t ags hav rlﬂ-*ft'B hat |s t he
RFI D r eader ﬁ‘fﬁﬁbn? gé?é:]r%l %?Jr?g&} zg]n qﬁ% lﬁ%%?‘?@%g?ﬁi‘%ﬁgn% ?

devi ce, and uptiethes ﬂtehen"d}/@plbayk,tao'ldemdlpc,altnelumh&ﬂpe,tah@aeomemeOtlmutemxarrpl e)
five itens pr i r er, det ec 62 used to

ver ity that 1 R ol CEBRL) & colpRRNATLAENBE oS8 iRl ARBRAISED Ly
the patron or Stand;trcalngcr@ttaadefPrbtfoccamﬁicthémwlabﬂncﬁrtm the aRRignEr ofdbe pragtnbeen

i nadvertently. t e the erials
Opti cal det ect ngérngbng}?i‘%ﬂn?e@ﬁ lcdy knoa'ﬁ\ lﬁ% rﬁed y'fehoggrta esncqza(rglgrf)ag&g%{%eﬂ&g Pat ent
Appl i cation Seysiemb chirhipaire 09 @5&;:15% b@mhm:mpeiately pr&c&:sgﬂ withodtiidcadingdpri | 10,
1998 and enti S od for the ction

of Mil tiple | tgahr??gcymm%log{#w"& qqc%%um?‘?arema“sesﬁ"cu‘a dg{ah‘ne abghse%gnee of t he
present i nventiaoples ot’nﬂfounm:be sdigble forwiebrploratisn |nncctrhe BMatabel vl be gipaemnce
herein. O her dﬁrﬁg S |ncI ude ones based on weight (in which the RF)D
reader can del%r efdr% Re RF)D tag or the LAV software the weight of
the itens detected, and corrpare it to the actual weight of the materials

0l S “Pateni No. 5 MEHRR8Ee U 00D A TRE e GO R RTL  |

i ncor por at ed kystemefsén de tdentifagonyf muﬁlpl%pamssﬁpuﬁiﬁg :tolpﬁsttuarébebﬁ\oérel tems
detected by t der a t he nunber det ect an.o or ot her
det ector i nsuf‘é‘%”%ﬁ ﬁﬁé‘aﬂeﬂbﬂ%ﬂ‘% KeLSLOQP§TRYS t%l“é‘ﬁ‘éﬁ‘ﬁégéggﬁd?g‘f’

non- RFI D t aggpkmiob£idh zeretard\@cccdaalylidevas RdvivohfiMdiveititn byliioptasd. tmsng
charged out to a specific patron. The device may Iprocess the itens after a

pr edet er mi nedaRatina enables the dpyelapmsns oéewneravsess@fnta@a iqationsdn the greas of o

exanmpl e)) or gléndry e&ur@p%ﬁt%mgﬁﬁd@dﬁt@ th oBiR bk BRALR P iisRse fohe i tems,

or autonmatically wthout any operator intervention A suitable display my
advi se the op## Pt vith ‘IBEFO@Préasst wenidicaifonsyemsper at i on Anot her enbodi nent ~ of
the inventive device is the ability to verify the content of a package or
case having nultiple itens inside, as shown in Figure 11 T or exanple, a
set of audio tapes may be packaged together inside a single case. To insure
that only those tapes, and all of those tapes, are being processed
together, the ItF)D reader can identify the case) and identify each of the
tapes inside the case, and match the identities before permtting the
materials to be checked out to a patron. The RFB7 tag on the case nmay
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

i nformati on obtained fromthe 1ZF1D tag. Devices having the ability to
process nmultiple materials further increases the speed with which naterials
may be checked |nto and out of a I|brary The deV|ce may be adapted to
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C. Portable RFID Devices For a nunber of applications, it is desirable to
provide a portable, preferably hand-held, RFID device. The hand-held | ZFI D
device is capable of searching anong shelves, bins) piles and library

carts. It can essentially search wherever it can be positioned close enough
to the itens. It is capable of identifyildg nultiple itens that are within
the range of the device These and ot her features nmake the inventive

portabl e RFI D deviCeTke GembingtibeTag brary tool. For sinplicity) portable RFID
devices will be de t operati on,
and second in ter rr'? %\;p Qﬁglrlf‘%%gstBU%"ngJFYrOP@]n%tmeon@b{rlgtrqoq‘oré) %{}11% g&gf usi ng
such devi ces. mhgnet:eallympmtsazntelemmtrvotthenﬂlﬁa‘espbtrse/efetumm topsovale theet hods

descri bed heregjn are a bI eto ortable es) and

that the. f uncilanBees of AR b BELAE ABae e BOmpRd bR BRSNS ab o

RFI D devi ces ahetsnemHeﬁeby sedaghi do@ramhecdsmnmbt a@lneleEbEavdied'wmesprea'sbe

di fferent functi.ons ﬁff nmet hods have ge ely h tFged toaet her with the
type of RF1D HBYMYEANGIE CBYTEPY pSemoegle hag sy ‘t"ﬂ FS FrOtbiImBHOR A8 tkehod. 1

Conponent s angiheRakéh hiface dMBe a6 whel the R} FasBean remowdd. uxhatomeesent

i nvention prefer ab|%“l ncl udes an RF1D reader and witer) r , a power

source, and sHPRAFPEIL 12g,ul5p g‘e\?&‘ﬂt‘%‘ﬁ@yfrﬁﬁﬁ&'tslvﬁﬁ?"@‘f“atsﬂ'ea't“f/‘ﬂe scri bed
herein. The Rtimormderctwspmrve glombfl. TRIYRAghEtically-RsfRAURAE N, 3hEn dsdd 56 Mz
RFI D reader, manufactured by Texas | nstrunments of Dallas, Texas. Menory,
preferably i na&qténteatarﬁsetec'gcetmsm'@rto ‘WW‘%@CWWrVGw“%XF elemsht, gAY e) ~ a
"pal mtop” ordAaRciehido GOSIERY cagwdlt@meeactm porRRREmed, Santa Cara,
California under "t he deS| ghati on | m Pil he portabl e conputer may
include an operating system a touch-screen display, several buttons for
devel opi ng user i nflﬁchﬁ‘tﬁxﬁﬁlon%grﬁm%E&?dlﬁg{t@ttﬁe%éseﬁ ifRAHd Ty at i on to
transfer data between the device and anot her ‘conputer, one or nore ports to
connect peri piteTapaed bvot‘hfé’shﬁmlh@RﬂDdEWtf@l@“(’%wrpea’souhiﬂSRFﬂdD fregaepeY ) and a
battery power ;3RRb Yequad ¥ ruwwte%oa@moﬁ.l iinle gﬁaleu%cet bitd :ben‘rﬁhn&?%uﬂﬁ‘er al
such as a bar-code scanner. al so contal n vari ous dback systens,
including Ii gmﬂlﬁateefedtxemalndheldetrittﬁptt@y of the aﬂlelsc\ﬂhhtvéniﬂhabﬁ)wew aﬁsﬁe‘ﬂted are a
nunber of opt iNGhebiRF " Rﬁf%fh% ttengmg,@,tfp,t;&tea@eﬁecfon@ ah%{:let{@%ltg'r&gﬁdnce and
anot her processing station docking station approach used to upl oad
or downl oad dfeldyould '@ﬁmmtel‘hPtFﬁ tpudeeermige wiitthes thegnapneticoation ob theuragk¢r f or
exanple, to u i ng a
search o« - B3R ERLLETE rh Rt bRl 80 Rk ey hoBEY HORT

downl oad dat apreddediEsngnsg, el asegtotification thatthempark erharti¢ie had mbﬁwn u@eerbwl t h| n
the library. H—ljageskédnlﬁe%?:% e pﬁgdenpln%gét%q156}§or§rquﬁlﬂ tlaghélhlﬁé lhqnthQaS
illustrated); as a wireless or cab ownl oad an upload; as a wrel ess
or cabl ed, re@ldwtfrqueﬂc}’ inkerioattigacthe mhgnehapRitionedf sheckowibinaticnriae wewd her
processor, n if f data One
such exarrpl e ?Hoo,d@%%a@‘%egg&umwﬁ?%s g‘gs&ﬁéﬁ%ﬁ{y’@t‘ e‘%ﬁ#?gﬁna%{/%gﬁ%%chnol ogi es
of Hol tsvill ecomberwdmoksmﬁys@rebmupnt@e the SpectrunR4 all ow nobile users to
wi rel essly conmuni cate between nobil e devices and | ocal area networks. For
this operation, the nobile unit will typically include a conmunication
conponent to suppdnt prifereedembodmentithé ccbiination 18g insludes aSpagnesically- LA 2400

Wrel ess LAN : i gned both to
comuni cat e tﬁg) Qg(,?ﬂg.;[% hggﬁéoc%m'gﬁsfa?gﬁta%%qa 'pﬂ’e%ﬁ&l ﬁ€°#t§%%9§nter dat a.

Ent eri ng dat afreqgndyrredponkivesigintenthiTogenvh both éwictioms ahoargennamaieoa mestar ch nodes
and entering e a t 4 K, oML, an item or
to put an |te§111a(§)‘r§jtl lﬁ‘gﬁ‘%ﬁeltlge%eg%ggkaﬁ?ger§h’gﬁ mg%neppgerme§ fgggy pgtgj\l/l ded

t hrough a contfficiedt |smurityfelmm),chpd Imodértts talmgh eieodwapdoa;tucuﬂ;e(tajfus@ioays may
either be integrated into the unit sepa ar at can be
designed in v ‘7‘:@‘6 \‘}\ﬂ%‘a) lﬂét"ﬁ‘a‘?“nﬁ‘%" W\RE@‘F&B‘F%’“ "&Hsgfﬂp‘:g{?p?tﬁéetw' an be
easi |y vi ewedbd fiinbons SBithis émp@lirhént, UhednteyindsoafdUfor exansil, Befabricafed flom

hand- hel d RF1D deY| ceis a foll I aws A hand-held RFI |~ device is provided
in which the PeERgloyeaiflipy o "At'8P f ace, power source, antenna) processor,
and software are all provided in a single integrated unit) as shown in
Figure 13. By using a hand-held conmputer such as the Palm Pil ot descri bed
above, a number of real-time functions of the type described bel ow can be
achieved, in contrast to systens in which the 1ZF1D devi ce nust interact

Wi th a separate conputer, database, software system and the |like The
software can al so provide either limted or full-range capabilities for
supporting functions of the type described herein, as desired. The
hand-held 1'tFl: D device also preferably includes an integral power source,
aIthough |t can be tet hered to a Iarger power source of the ‘type that mght

e o



-25 The inventive handheld ItFID device has particular usefulness in item

| ocati on. For exanple, the device could be programed with specific
information identifying certain itens that an operator w shes to |ocate.
The unique identifier for each desired itemwould be stored in a reserved
menory location in the handheld conputerj3.As the identifiers of, for
exanple, itens on a shelve were read by the RF reader, each woul d be

conpar ed, using standard software routines known to those skilled in the
art, with the list of itens stored in nenory Wien a match occurred, the
devi ce woul d t hen lorosae@basiaensra Jivbi Eattle-Bapal™ " beandisesurityssipi peotherr ot her
signal s indicati - i ] Leat | I gehi s
function incl ﬁ#é@%%@%"?{%é?ﬁ%ﬁsﬁpﬁgap S%gra gegleeﬁ@\)e/oelgﬂi?égh%go drﬁgghé% 8514ISA library
typi cal | y nmi GBaions sailfi Isgh fodquencg s Tgengtle nadth andwbslnesst cfitigs §thiparear e expect ed
to be in the |} r cannot be f.oupd. By d | oadi ng. t.ho m ssi ng
itemidentifi sée}és%[et% 6%1%%”%’5’#&@ H(%#"doijﬁg\‘/'ln%gfquf 'hcé ag(gé\@gtcg?m%grhé'ﬁsa@gmt he devi ce
by itens and RBilachip heddbgpéaliwhbnstdp whidd bevgadetfem pesmaiog davailabiecfchm Anot her

exanple is to |l acate itens that .hav ot .circul ated. or_ bee ed within a
o ven nunber BIMIRD R HteERpelRE CE iRty B ORERERA PSS o pe
downl oaded t ondree*Hhan@otiedrdn davipbeusfalisy saetdsahut AghilabM frem drtAllelSignalt he
circulation counts c be nmai i ned directl the nenory of the LtFID
Cag. 1 n thi's CoBBMYGMomBsierih vy LiHey 1 detigaicn A0S Motd T BRWTUbEE any dat a
from anot her pawpeH €35 SMI6SBm (BI3enh 830ndAeY) AT HnGifalsUThBE iftegRatd @isculF 1D
menory data to estch?b ishfd criteria and Provi des fee\%ﬂgck to the oPerator
based on the ¥EHELE BOYSSANAABIGEIES 0h6EMS OF e srppeY SBIP. HifEingal agasremiitse

ei t her downl oggigfleddnedang polver @ivhatedstbitseihhiGuiMemblARc e prodidesad ai ned
directly fromthe RFIDtag is to locate itens in the library that have not
been checked fape fandameptaksieciricalpharp@erisitsas egopner ecalmeinyse digpleanisends and t hen
downl oaded tQn(s,hﬁumdaslmﬁIsgchqecmp%d%sm%ufﬁeféxb@cgedq@%rf&n&mmmdao@ menory
| ocation to indicate the check-in status of an item en the RFID tag
menory i ndi casatisfagtrélycheck-in status, the hand-hel d devi ce does not need
any data from an external database to performthe search. A natural

application of obtaining matching data directly fromthe RFID tag is to
| ocate itenms that Waeothemegneticallj-ssspemsive elpment 15 used dsdl lagss pat of the fitenna or ent

library syste : i olol M J i A i ferably
encoded onto ﬁéh{r%@g%@@%aagﬁ?oﬁ ﬂ{ael e@ﬁgg E‘gIt‘gx\gg\r}%ggh@pgwpslé@ﬁgsﬁ er at or
when an RFm t aiges Eleptacabigduplingamay oown berguseiobs alwicd@q@em’s)nénnwmmmé‘ﬂela. The
hand- hel d RF < i ] ith the

| ZF' 1D devi ccrarla 18%12.@%%@Mggggwe%go{r,ﬁg}@gﬁu&%&%g;rng.%gg Eénegtg%n’ g?nag‘lssoci at ed
itens are presenact tlegemagnetic agupling (as showntimgses 6 Taarid$dkNonnontegbe case The
RFI D device o ' t coul d. al be U . 1 fy the order
of materi al s S BERRIR ph R e koL IR oL B ol tod 0 O CF
nore rows of usesseh anfdnea chanficoenty @ parssitamkennd demantsgireflentioraad dsectero t he
operator, whigh_ ite not shelved i.n.the correct order. As input, the
devi ce has acca:';eles“s"a%(r)ﬁ Ffﬁlggaswg "{}?Sh%r O\éqeb?)ur“f?'ﬁFr']‘%f@éao'glﬁurf"%oens1 i brary for the
section being scanned. Possible algorithnms include: Dewey Deci mal order,

Li brary of Congr esi or dgr, .aqd Aut hor_.| asg. nllauge/ Titl e orddir. QX her et hods
of sorting) as det LIGHORREAURT @AW MIPays, inglodes sgd L5 made RO MagPeteat hod of
establ i sl ung miarkhl iMhé cigreadlt 0€) forsexirmpl@ 390Gt M€z AR Bivingtak Ahtehdadstractivecat i on.
Shel f | ocati ons cag he gs ?lﬁeCilfiC or as, ﬁneral as the Iibraer desires.
For exanpl e, SHEhARMCIT wEHBEY falEsiots 8% TRIRE o1 11E FRITRES LQHmProXA G maaelE | or
titles.” A nofmctdnesTiiie teg SOBESyped 6MUXQBIT R Hhayie prdGleit Fi ction, Authors AA
- AB." In the preferred enbodi nent, the shelf location for an itemis
encoded directly in the RFID tag nmenory for that item An indexing system
may al so be used tpheSAMBindRIMEY20 HOwh RAfigie 5HellesaQRRIALEIRREbS used to
indicate a shelf |ocation. For exanple, the nunber 1 could represent Adult
Fiction, the heiweenrthpaniennp 32, dishdssaade of moensti¢ally-raspansivpmatgrig), ad then.  The
amount of ne j he nunber
of | ocations rr\?\#‘%éﬁ#ﬁde%%ﬁf E?a?@grznr?g% 'Le(g?&giﬁ@gg??r@h% &Péd%ﬁrﬂ%ﬁ? g(i’“ralmts%le desired
shelf location froma |ibrary database and then downl oad those | ocations as
part of the transfer of data to the hand-held device. Wien itens are
associated with a shelf location, by either method above, the operator can
use the hand-held device to locate itens that are in the wong | ocation.
Two processi ng net hods can be used to determ ne which shelf location is
currently being processed in order to search for items with non-natching

| ocations. In one enbodi nent, the correct shelf |ocation is obtained by
readi ng several ItFID tags and heuristically processing the data to infer a

o, . o o - .~ | o o . I o Y e



devi ce Because this informati on nust be entered into the LAV software
eventually) it saves the operator tine to be able to indicate this state
directly and inmedi ately as opposed to waiting until he or she can access
an LAV software systemtermnal. In yet another enbodi nment, the hand-held
devi ce could be used to provide additiorldt information about a specific
itemonce the item has been obtained and its RFID tag scanned by the RFID
devi ce For exmmibesgppliédbpalne)mmai‘c{lllyﬂagponsb\tellmttriahao thai iahsybhatecﬁuiye been used

inthelibrar I |ther rmation
about that ma Cgl",l gqj "?vﬁgc‘%v alsS[a? Sttag eaB?e %ggm Eg%}r)f used)
or to provideé |hm3veverr;as nmrphysncarky c:zbaneatrasmﬁehaégrgwarcah as osﬂuatiipslelamahnapr ofiles

Cags of the 1 EoM mactRfils edhi ol o ARChR R Suf PelhersfGeieleons i n 1 he

library at whiouplidgheyrovidea ddmbidlatioAsag 208 MFh@difole Mtbrd@ D ehay tifprizpeitiet or can
al so indicate fromr/nere t he |teiﬂs was col |l ected by sel ectl ng froma |ist

of | ocati ons, MaERRIIVTEESRONSYE ARieth Ok Bfemegneticallyresppngive magadli on RFm Tag" t hat
i s associ ated with that |ocation and would preferably be affixed to or near

that location. In _this way, the library staff is able to obtain additional

i nformation about Fgvaese 4'\4 Brillustrate prrbadimentsin Whigh svorethan operaateppacid s

Cart, for exaSl e R R o B e e by T he
items on the ¢xmbinatien tag@ek amownerﬁlgumé lﬁtagf@thleldésmﬂudbed:lpolhammns par agr aph
REI D devi e ary RueklsqaBSiucTERRI anens B AR RO b ofle B 0 o e

qui ckly and ammpma&!/-yesnémhametdrialmnd eutehim) éﬁaahayd&lmadnuﬁﬂn@nemllx-l tle from
Lo, the abicihid fup ¢ PENORARHERSASHobh FGHLEN MgRlgl i exam ne
identify i tensspmsxmlﬂgenao@iwsrpe shetvn of Figure Qesrpaeasmbamtelecmoetlly(chmdded out)
tems that ar o2k hohhad Do Bt ek oritabpety R sgiatober d correct

| ocati on for dnkemna(s)2de mzﬂjﬂvesmdmﬂnd;,mdncdllyd&pbmmsnatdmt Olber' viridehoofy i n t he
col | ection bel ng em§ é}meﬁl e ﬁ aSldvgcﬂt ages include the ability to enter
transactions arrecery into tf‘1 Y &I hel d unit when itens are located, the
ability to identify an itemw thout having to scan a bar code or any ot her

mar ki ngs on the i title and | 1
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ani mal s) aut ohisknesest, thé:)lagygcﬂre“&)blpressaw (odYsenm (G.@2san)f val ue. -29 W
claim 1. A nethod for processing a set of associated itens each having an
RF I D el enent, conprising the steps of: (a) interrogating each of the itens
to obtain infor rratlihelao:hb\ﬁzhlmdiwggottthne uivdemh infay bef)rotuhed intréiorr,ap ehddleer r ogat i ng
an 1ZFI D el engnt t hat .is associ,ated d”\ of
e automated sequential application o nd|v1 ual tags to amcles 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.



associated itens; (c) conparing the information obtained in step (a) with
the information obtained in step (b) to determ ne whet her the associ ated
items are presented together. 2. The nethod of claim 11, wherein the nethod
further includes the step of: (d) determ ning whether other itens are
included with the associated itens that-Bre not nmenbers of the set of
associated itens. 3. The nethod of claiml|, wherein the nethod further

i ncludes the step of: (d) determ' ni ng whet her any of the associated itens
are mssing fromthe Ci“?’@ brr]et hc?d of cl Er]él grel n ]t he net.hod
further includes t [patggn "‘% Bt ‘8#‘6’(%‘5‘”&” Glihqueh 104 R F%ft"i’ on on
magneti ¢ secUufHetpYo®bstERIMiSradS506r1aRt @shrady hbretif1©hdvirgnih RFD 4 dTehifigfe Of
processing nmultiple itenms each having an RFID el enent, conprising %he st eps

of (a) presenfPHigbaheeked fband sHemare cagly.cperhprnyithoyt W@PPW‘%”@%@W 15 199

obt ai ni ng i nf gRERhLk %ulﬁ&@t’&n&hﬁll%@ﬁl@cﬁh %Hiﬂ%%aﬁiéﬁlﬁ%‘trﬁmﬁ}hd’m@ Kepdeffaneousl y;
and (c) using the information obtained from:t D elenments to determ ne

whet her di f f eh#ganiRFHR taggssocipiegvityher lézmshgar@)ﬁ@enﬁwtrav passqsttrgugh a

suitable detection zone, and checked back in when the patron re-enters the library with
the materials. The tag of the invention may also assist in inventory management and
analysis, by enabling library administrators to keep track of materials instantaneously and
continuously. These and other features of the invention can, of course, be brought to

bear on other applications, such as materials handling in stores, warehouses, and the
like.

In another embodiment, the combination tag could provide dual-status marker
information both through a magnetic response (indicating whether the magnetic features
of the tag had been activated or deactivated) and through a radio frequency response
(indicating, through the use of appropriate software, whether the database or the

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

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

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

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

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

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



-30 6. The nmethod of claim5, wherein the method further includes the step
of: (d) providing an indication to a user that different types of itens are
anong the itens presented. 7. A nethod of processing multiple itens having
an )ZFI D el enent, conprising the steps of: (a) presenting nore than one of
the itenms to an 1ZF I D reader; (b) obtailftng information fromthe 1ZF I D
el ements approxi mately simultaneously; (c) detecting the nunber of ItFID
el enment's pr eswotoggpe pamll@df)meam dwsuﬁl]:ﬂihtny\adeWkamtdjme sanggrfeldnhen only a
pr edet er mi ned_nu The nethod of claim?7,
wherein the p.”c%@g Hpérmérfget %‘3?‘?6?@508935%??%5 'ﬂtﬁtygﬁ appropri at e

magneti zati on operation on nagnetic security elenents associated wth the
items presented t he RFID reader. 9. The nmethod of claim 7, wherein the
processi ng st &##Qses updati ng a dat abase that includes information as
to the itens pregpmkeilitfrated endiiek mb&RHE of dlintefind BithOBLINed REHA SaEiang

mul tiple i tems haV| n%Fan | ZFI D el enent s,
ID design. At this frequency, a coil-type antenna geometry is preferred.

The spiral turns comprising the coil are formed from a magnetic alloy such as permalloy,
either by etching (physical or chemical), die cutting, or deposition through a mask. The
straight “arm” portions of the coil serve also as the magnetically responsive elements in
this design. However, the reduced length of these metallic elements in this geometry
limits the effectiveness of the magnetic security portion of the device. In the
embodiment shown in Figure 3, flux collection elements provi;ied at the corners have
been added to the antenna coil to overcome this limitation The construction shown in
Figure 3 would, preferably, include a capacitor as previously described to tune the

operating frequency of the antenna to the prescribed interrogation frequency.

The characteristics of the antenna described in this example were compared with
the characteristics of known antennas for radio frequency integrated circuits, and
because those characteristics were similar, it is believed that the antenna of this example

would function adequately in such an application

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

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

I Embodiments of the Present Invention

A RFID Device with Magnetic Capabilities.

Because RFID tags may be shielded either intentionally or unintentionally by a
library patron, it is often important to provide both RFID and magnetic security
elements in the tagged library material, preferably on the same tag. When the magnetic
security element is dual status, meaning that it may be selectively activated and
deactivated, its status is typically changed by the application of 2 magnetic field to that

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



conprising the steps of: (a) presenting nore than one of the itens to an
1ZFI D reader; (b) obtaining information fromthe RFID el enents

approxi mately sinultaneously; (c) detecting the nunber of RFID el enents
presented; and (d) displaying the nunber of 1ZFID elenents detected to a
user; and (e) permtting the user to di rékt that the itens be processed.
11. The nmethod of claim 10, wherein the processing step conprises,.
perform ng an 2apenksIrd megazinesy bttcry Bave by effeats enmapnctsalneecerdedpedia j ¢ y

el ements assogi ] A -31 12.
The net hod ofq@?gﬁﬁvﬁ%?ﬂ&aggg%hﬁ?ﬁgﬂ%ggggggﬁﬂ%ggbgﬁﬂ%g k%?@g ﬁ%ﬁg¥ing a
dat abase t hat withobtedg snvplvéroentrblt itwary atsffineentbbre i t ens presented to the | ZFID
reader. 13. A nethod of using a portable RFID device, conprising the steps
of : (a) inputting information to the device describing a certain itemor
class of itens eadAhshvawiimbigem 9 AR Dedegiveidtequipped t¢ tEpd gé@mationgfran gl ural ity

of itens to d mne whether, the certain itemar ite r nesent. 14.
The' mot hod of REFRI o0 Rrsl B PR <R paks B s maEr B FEder R e
i nformati on dégemadaoneradtremiteRF1IDa8g incluti@amledigratiohafugediaaypeyeagnetised W t hin
a specified per.iod . . .

print, or optical, for example), which can be used to insure the proper subsequent

processing of the item. The RFID device is also equipped with a device, such as the

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

the item tag. After the RFID device reads the RFID tag, the device transmits the item

identification information to a computer having sofiware provided by a library

automation vendor, or LAV. Among approximately 50 current LAV software systems

are “Dynix,” which is available from Ameritech Library Services of Provo, Utah, “Carl

ILS” which is available from CARL Corporation of Denver, Colorado, and “DRA,”

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

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



of time, itens that have not been checked into inventory, itens that have
been designated for hold status, and the owner of the itenms. 15. The net hod
of claim 13, wherein the information is contained within and avail able from
the RFID elenent itself. 16. The nethod,pf claim 13, wherein the nethod
further includes the step of: (c) providing an indication in real tinme to a
user that the itemor.itens of jnterest e.located. 17. . The hod of

Sl ai m 16, whaP BRI P RE T feItre PR oL itk for fRFIEL 0T o ng i n
a dat abase t hgt ablv€odel 61BoRH, réthi@irg thd itenidetificdtionesdR ahd) préfardbly, ke méiaret hod of
using a portable RFID dgvi gg; conprising, the _sg;gs, of (ta; I nputting an

al gori t hm t o WYR¢ATOMQNE0E Dpth &f thesedtass; 3d pasting this iormaation op 1o theilddhs: and (b)

scanni ng a plshfi@hre Syktedl WHeR B d2@¥d inGudaEbih &h REBNySiehQn® M Spiitativaf Qgat i on
fromthose elenments; and (c) conparing a description of the itens obtained

usi ng the i nfseanpiag systemo Hreaieviesimay dsmbe hieed 1o prepe BFEXtags formediathat isloghyri t hm t o
determ ne WnebNEdeh Nfirst GRAIWAP Bodelvsii 12'sEanhdl, biEnd (HOTEMEER RF $F1D code

associated with that identifier, depending on system design) would be written to

(recorded onto) the RFID tag along with other data, such as media type and other

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

RFID tag could then be applied to the item

The RFID device of the present invention preferably also performs “smart”
resensitizing and desensitizing of the magnetic security elements attached to library
materials. When the device reads the RFID tag and transmits the identification
information to the LAV software, the LAV sofiware can be programmed to respond
with an indication of the type of library material with which the RFID tag is associated.
If the LAV software responds with an indication that the tagged material is something
for which a specialized magnetization operation is required (magnetically-recorded
media, typically), then the device can activate only the system that performs that
operation. For example, if the LAV software indicates that the RFID tag is associated
with an ordinary book, and that the book may be checked out by the requesting patron,
then one magnetization system may be activated to deactivate the magnetic element
associated with that book. However, if the LAV software indicates that an RFID tag is
associated with a video tape, for example, then a different magnetization system may be
activated to deactivate the magnetic security element associated with that video tape
This different magnetization system might involve, for example, a weaker magnetic field
or a field confined to the region in the immediate vicinity of the security element, so as
to prevent damage to the magnetic media itself, depending on the detailed characteristics
of the security tags in use Depending on the detailed design of the device, the
procedure might include inhibiting automatic activation so as not to damage magnetic

media.



-3 2 19. The nethod of claim 18, wherein the nethod further conprises the
step of: (d) providing an indication to a user of any itemthat is not in
the algorithmorder. 20. The method of claim 19, wherein the indication is
provided in real tinme. 21. The nethod of claim 19, wherein the indication
i's provided in response to information otfai ned from a database separate
fromthe RFID device and RFID tag. 22. The nethod of claim 18, wherein the
al gorithmis based Rseferablyopufiisientigfosyative may beagtored ingb¢ memeny of the RFID éagDewey

Deci nal ste ' | | i.Galy | 1sting of
aut hors, s?’;/md ;qﬁseg{?%ﬁ%lg@%%ﬁaﬁ% ss?? 1}2%&2% 0@0*‘3‘%@@“@@@%{3@3 ﬁ%ﬂﬁq‘g}v usi ng g
portabl e RFI D shfiwacs andocaa sistzed mvakealie appemidemngmegzation Risted ditectiyerfthisni t h a

| ocation, conprisin he .st.eps. of : (a) scannin he RElI D e] enent asspci at ed
wih tne i ¢ o emdatfenl Bowa HERYrBtdve Slent SefiMeante, heGrtsdove SIFELRP FesRret g

I gcat i oE; dan? (olcr)eacmslsecnama' trésalg Ahzer;:intnlam,\nnet}tth@ shoaid isiofda Mmiaatyglahabalase. 24.
The nmethod of claim 23, rein the atio as.a,separate RE' | D el enent,
and step (b) c@ﬁ’ﬂ?ﬁyé’gge%ﬁﬁﬁ'&“t%cﬁﬁﬁ "B}egﬂg‘?ﬁe ’%@8@?@6%] OPFRtORat

| ocation. 25, mgr%bepbreéesu%, Rahcut Rekshisbe bk hda R MHaSEschaRFRAGhaAt € a
certain item bearing. an I D elenent with a_ | ocation having a group of

items of a si nRFHER}deviepds eeferrsd 40 kegemisdeppeging ip ‘e2f ttmel ement , conpri sing the

st eps of

An advantage of an RFID device such as that described is that it may accept and
process items with less dependence on their orientation relative to the device. Thus,
although a library material may be processed by an optical bar code scanner only when
the bar code label is properly positioned and readable by the scanner, a book having an
RFID tag or combination tag may be positioned with front cover either up or down, and
without the need to carefully aligning a label with a scanner. This advantage of RFID
systems over conventional optical and bar code systems results in considerable time
savings for patrons and library staff. The “read range” may be different with different
scanners, tags, and other components, but it is believed that a read range of
approximately 15 centimeters (6 inches) would be satisfactory. To facilitate reliable
RFID scanning, however, it may be desirable to position the RFID tags for various items
at the same fixed position relative to an edge of the item. For example, RFID tags
provided on library books might all be positioned 2 inches above the bottom of the
book.

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

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



(a) scanning the RFID el enent associated with the item (b) scanning the
RFID el enents of at | east one additional itemw thin the group of itens;
and (c) determ ning whether the certain itembelongs with the group of
items and if so; (d) associating the location of the itemw th the |ocation
of the group of itens. -33 26. The nethod of claim 25, wherein the nethod
further conprises the step of: (d) providin% an indjcation of the

det er mi nat i oharmRede sapnest hhesecand ogier beaefis and adwantagss wilibgappatept togngf hod of
using a port gbj g (RELP device, conprising the steps of: (a) obtaining an
Item having an RFID el enent associated therewith; (b) using the portable
RFID device to interrogate the RFID el enent and obtain information
therefrom and {c) foﬁthﬁﬂ?p§b§@eﬁﬁhqgl@BHﬁ&hgg information to the RFID
device as to thar“rrgwﬁby—d Togation. 28. , The nethod
of claim 27, wher AhsthdribeneficdfrendRFIDritwieris iheabilityes ptoaess siikiple items at one

time, as shown in Figure 10. Whereas conventional devices having only optical bar code

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

library staff to process multiple items.

To avoid having the device perform a magnetization operation that is
inappropriate for one or more of a group of materials being processed, the device may
be adapted to provide a message to the user requesting that all materials of a certain
kind (books and magazines, for example) be presented together, followed by all
materials of another kind (video and audio tapes, for example). The RFID reader can
determine from the information obtained from individual RFID elements whether the
user has segregated the materials appropriately, and can prompt the user if he or she has
not, as shown in Figure 12. In another embodiment, the device includes one area for
processing media of one type (books and magazines, for example), and a separate area
for processing media of another type (video and audio tapes, for example). The proper

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

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

RFID tags have been presented for processing by the device. That is, the RFID reader
would obtain information from each item presented to the device, and update the display
to indicate that there were, for example, five items present An optical or other detector
could also be used to verify that the same number of items were indeed present, so as to
alert the patron or library staff if an item without an RFID tag had been inadvertently or
intentionally included in the stack of other materials Optical detectors of this type may
include those described in U S. Patent Application Serial Number 09/058,585 (Belka et



of : (d) using the information input in step (c) to update a database that

I ncludes information as to that item 29. The nethod of claim 28, wherein

t he dat abase is updated when the portable RFID device is connected to a
docking station to downl oad information to that database. 30. A method of
using a portable RFID device wth an itefihaving an RFID el enent associ at ed
therewith, conprising the steps of: (a) interrogating the ItFID el enent

with the 1ZF|h[a1 yjm]!eid@q;rﬂ 00, qbpsgm ehnLear nppziraas drld e ekodqon thé fbbtldaﬂBﬁt"e&tfoMi ngblt he
item using the nfornation obtaine esting fromthe portable
RFI D devi ce f (fMiPIS JerBs omd ?%‘?Prﬁ“ed’éh‘% 'ﬁﬁss‘ﬂl"f’é’ ‘Pﬁ'@ﬁfs‘%‘i" ofthEPTR¥Mhod of cl ai m

30, wherein t Rfventidr) tHERbAteRs bOMYHESE maorpara&tj%pre(f&énce ﬁerémt atHeedetédigqin menory
contained within the portable RFID device. - A nmet hod of using an

RFI D devi ce, dmquhsdeﬁge&medsqnéwhbﬁm whigh ther&FélP r@efatcam@etqmg\eér@w e itens
each bearing Q(F[Bﬂé:})rttﬁtgLA(/%ﬁ\%QWeWe@t Bﬂh@ {6nsTetcbe @ BHA Eingald lp{oﬁﬁé i on

Identifying a certain class of i1tens; d (c) receiving inreal time from
the RFID devi cstuakveightoftheimatrerigls Pfeteéﬁ’d) phalenambernﬁmagmmﬁlmqmede@éﬁedau n

class of it €MR s described in U.S. Patent No. 5,260,690 {Mann et al.), the contents of which is
incorporated by reference herein). Comparison of the number of items detected by the
RFID reader and the number detected by an optical or other detector insures that the
magnetic security elements associated with non-RFID tagged items are not deactivated
without the item also being charged out to a specific patron. The device may process
the items afier a predetermined number of items have been presented (five items, for
example), or after an operator instructs the device to process the items, or automatically
without any operator intervention A suitable display may advise the operator as to the

status of the opcration

Another embodiment of the inventive device is the ability to verify the content of
a package or case having muitiple items inside, as shown in Figure 11 TFor example, a
set of audio tapes may be packaged together inside a single case. To insure that only
those tapes, and all of those tapes, are being processed together, the RFID reader can
identify the case, and identify each of the tapes inside the case, and match the identities
before permitting the materials to be checked out to a patron. The RFID tag on the case
may include the information as to the contents of the case, or that information may be
stored in the LAV software and accessed through the identification information obtained
from the RFID tag.

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

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



34. The nethod of claim 33, wherein the class of itens are itens associ ated
with a particular |ocation, and the information provided in step (b)

i ncludes that location. 35. A nmethod of using an RFID device with itens of
i nterest that bear an RFID tag, conprising the steps o (a) interrogating
the tagged items with the RFID device; “#nd (b) entering the information

into the RFID device describing the | ocation of the itemof interest. 36.
The net hod of claﬁm_si_muiﬂﬁﬁ_wq&lm ng the step of: (c) coIIecti ng in a
dat abase the info

i nterest, 37. The?%%ﬂ@gﬁ#ﬁ@f]ﬁﬂ.d@éﬁ& \Aﬁg&r@étﬁ tﬁwgﬁqﬁ é‘?réfé ?dc:f%nt ai ned
withint he Riarid-lbdd; REED dé&&e Thehamdthald RFOD devicei intadpshle visearching anmmgdat abase i s

separated f r mlt Q ,@FI . de r g:a% nd t he 'Se 9 matrclpn C:rsvet ran fer red to that
dat abase. s, fi Graagarts aY caa RORYAY REF PR B GANRE A9l A A N . A
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within the range of the device These and other features make the inventive portable
RFID device a valuable library tool. For simplicity, portable RFID devices will be
described first in terms of their components and operation, and second in terms of
various useful functions for or methods of using such devices. It is important to note
that the functions or methods described herein are equally applicable to non-portable
RFID devices, and that the functions or methods described above in reference to non-
portable RFID devices are similarly applicable to portable RFID devices. The different
functions and methods have merely been grouped together with the type of RFID device

more often used to perform that function or method.

1 Components and Operation, The hand-held RFID device of the
present invention preferably includes an RFID reader and writer, memory , a power
source, and software to enable various functions of the types described herein. The
RFID reader/writer could consist of a Commander 320 13.56 MHz RFID reader,
manufactured by Texas Instruments of Dallas, Texas. Memory, preferably in the form of
a computer, may be provided by, for example, a “palm-top” or handheld computer
available from 3Com Company of Santa Clara, California under the designation 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
peripherals to the hand-held device (such as an RFID reader) and a battery power
supply. Some units may also include a built-in peripheral such as a bar-code scanner. It

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

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

for example, to upload item identification information prior to performing a search to
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10% & () - check out an item, or to put an item on hold). Feedback to the user is preferably
provided through a combination of sound, lights and a display. The display may either
be integrated into the unit or separated. When separate, it can be designed in various

ways, including as a “wearable” display that can be easily viewed by the user.

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

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

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

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

features are desired.

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

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

applications, including the following,
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The inventive handheld RFID device has particular usefulness in item location.

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

missing item is encountered.

Another example is to locate items that have not circulated or been used within a
given number of months. Again, the identifiers of those items could be downloaded to
the hand-held device for searching. Alternatively, the circulation counts can be
maintained directly on the memory of the RFID tag. In this case, the hand-held device
does not need to download any data from another computer system. The hand-held
device only compares RFID memory data to established criteria and provides feedback

to the operator based on the selected parameters

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

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

in a books-on-tape case

The RFID device of the present invention could aiso be used to verify the order
of materials on a shelf. In this mode, the device is scanned across one or more rows of
items. The device reads each item and indicates, to the operator, which items are not
shelved in the correct order. Asinput, the device has access to the shelving algorithm
used by the library for the section being scanned. Possible algorithms include: Dewey
Decimal order, Library of Congress order, and Author last name/Title order. Other

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

Another method of establishing shelf information is to associate each item with a
location. Shelf locations can be as specific or as general as the library desires. For
example, a general shelf location might include all "Adult Fiction titles.” A more specific
shelf location might be "Adult Fiction, Authors AA — AB." In the preferred
embodiment, the shelf location for an item is encoded directly in the RFID tag memory
for that item. An indexing system may also be used to save memory, so that a short
code number is used to indicate a shelf location. For example, the number 1 could
represent Adult Fiction, the number 2 could represent Juvenile Fiction, and so on. The
amount of memory needed to store all shelf locations depends on the number of
locations within a library. Another embodiment is to obtain the desired shelf Jocation
from a library database and then download those locations as part of the transfer of data
to the hand-held device.

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

be programmed to alert the user when non-Adult Fiction items are encountered. In
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another embodiment, the library places "location tags" on the shelves or other locations
to be searched. These location tags are first read by the hand-held device to indicate
that subsequent items read should belong to that location and an alert is provided when

a mismatch occurs.

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

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

In yet another embodiment, the hand-held device could be used to provide
additional information about a specific item once the item has been obtained and its
RFID tag scanned by the RFID device For example, library staff may collect materials
that have been used in the library, and scan those materials either to obtain more
information about that material (who last checked it out; how ofien has it been used) or
to provide information to a database that generates statistical profiles of library material
usage, or both. The operator simply reads the RFID tags of the items as they are
collected from the various locations in the library at which they were used. As items are
collected, the operator can also indicate from where the items was collected by selecting
from a list of locations, entering a location code or reading a "location RFID Tag" that is
associated with that location and would preferably be affixed to or near that location. In
this way, the library staff is able to obtain additional information about where in the
library such materials were used. Alternatively, if items used in the library are first
placed on a book cart, for example, the hand-held device could make a single pass by the
items on the cart to record them. The functions described in this paragraph are referred

to herein as “sweeping ”
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from items, the ability to “get close” to desired item quickly and then examine items
more closely to locate item of interest, the ability to quickly identify items matching a
given set of criteria (lost, not checked out, matching specific circulation values, etc.),
and the ability to identify items that are mis-shelved and indicate, to the operator, the
correct location for the items. This would include items that don’t belong in the
collection being scanned. Other advantages include the ability to enter transactions
directly into the hand-held unit when items are located, the ability to identify an item
without having to scan a bar code or any other markings on the item, such as author,
title and call number, and the ability to determine if a given item is somewhere on a
shelf, on a library cart, in a bin, on a 1able or even in a pile. Th;:se and other advantages

will be apparent to those of skill in the art.

In the claims appended hereto, persons of ordinary skill will recognize that the
items recited could be library materials (including books, periodicals, magnetic or optical
media, and the like), or could be other completed unrelated materials such as packages,
letters, paintings, electronic devices, animals, automobiles, bicycles, or any other items

of value.
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We claim;

1. A method for processing a set of associated items each having an RFID

element, comprising the steps of:

(a) interrogating each of the items to obtain information including
the identity of the item;

(b) interrogating an RFID element that is associated with the set of
associated items;

(c) comparing the information obtained in step (a) with the
information obtained in step (b) to determine whether the associated items are presented

together.

2. The method of claim 1, wherein the method further includes the step
of:
(d) determining whether other items are included with the associated

items that are not members of the set of associated items.

3. The method of claim 1, wherein the method further includes the step
of:
(d) determining whether any of the associated items are missing from
the set.
4, The method of claim 1, wherein the method further includes the step
of:

(d) performing a magnetization operation on magnetic security

elements associated with the items.

5. A method of processing multiple items each having an RFID element,
comprising the steps of:
(a) presenting more than one of said items to an RFID reader;
(b) obtaining information from the RFID elements approximately
simultaneously; and
(c) using the information obtained from the RFID elements to

determine whether different types of items are among the items presented.
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6. The method of claim 5, wherein the method further includes the step

of:

(d) providing an indication to a user that different types of items

are among the items presented.

7. A method of processing multiple items having an RFID element,

comprising the steps of:

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

(b) obtaining information from the RFID elements approximately

simultaneously;

(c) detecting the number of RFID elements presented; and

(d) automatically processing the items when only a predetermined

number of items have been detected.

8. The method of claim 7, wherein the processing step comprises

performing an appropriate magnetization operation on magnetic security elements associated

with the items presented to the RFID reader.

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

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

10. A method of processing multiple items having an RFID elements,

comprising the steps of:

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

(b) obtaining information from the RFID elements approximately

simultaneously;

(c) detecting the number of RFID elements presented; and

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

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

11. The method of claim 10, wherein the processing step comprises

performing an appropriate magnetization operation on magnetic security elements associated

with the items presented to the RFID reader.
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3. @%eghod of1 using a portable RFID device, comprising the steps of:

(a) inputting information to the device describing a certain item or
class of items each having an RFID element; and
(b) scanning a plurality of items to determine whether the certain item

or items are present.

14. The method of claim 13, wherein the information is selected from
information describing missing items, items that have not been used within a specified period
of time, items that have not been checked into inventory, items that have been designated for

hold status, and the owner of the items.

15. The method of claim 13, wherein the information is contained within

and available from the RFID element itself,

16. The method of claim 13, wherein the method further includes the step
of:

(c) providing an indication in real time to a user that the item or items

of interest were located.

17. The method of claim 16, wherein the method further includes the step
of:
(d) recording in a database that the item or items of interest were

located.

18. A method of using a portable RFID device, comprising the steps of:
(a) inputting an algorithm to the device that describes and ordered set
of items; and
(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.
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21. The method of claim 19, wherein the indication is provided in response

to information obtained from a database separate from the RFID device and RFID tag.

22. The method of claim 18, wherein the algorithm is based on an ordering
system that is selected from the Dewey Decimal System, the Library of Congress System, an

alphabetical listing of authors, and an alphabetical listing of topics.

23. A method of using a portable RFID device to associate an item bearing
an RFID element with a location, comprising the steps of;
(a) scanning the RFID element associated with the item;
(b) inputting information to the device to describe the location; and

(c) associating the item with the location in a database.

24, The method of claim 23, wherein the location has a separate RFID

element, and step (b) comprises scanning the RFID element associated with that location.

25. A method of using a portable RFID device to associate a certain item
bearing an RFID element with a location having a group of items of a similar type 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 and if so;

(d) associating the location of the item with the location of the group

of items.
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step of:
(d) providing an indication of the determination made in step (c) to the

user in real time.

27. 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) following step (b), inputting information to the RFID device as to
that item by other than RFID interrogation.

28.  The method of claim 27, 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.

29. The method of claim 28, wherein the database is updated when the
portable RFID device is connected to a docking station to download information to that

database.

30. A method of using a portable RFID device with an item having an
RFID element associated therewith, comprising the steps of:
(a) interrogating the RFID element with the RFID device to obtain
information therefrom;
(b) identifying the item using the information obtained; and
(c) requesting from the portable RFID device further information

regarding the item.

31. The method of claim 30, wherein the information requested in step (c)

is obtained from memory contained within the portable RFID device.
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33. 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 an indication of items

that are not within the certain class of items.

34. The method of claim 33, wherein the class of items are items
associated with a particular location, and the information provided in step (b) includes that

location.

35. A method of using an RFID device with items of interest that bear an
RFID tag, comprising the steps of:
(a) interrogating the tagged items with the RFID device; and
(b) entering the information into the RFID device describing the

location of the item of interest.

36. The method of claim 35, further comprising the step of:
(c) collecting in a database the information entered in step (b)

regarding the items of interest.

37. The method of claim 36, wherein the database is contained within the
RFID device.

38. The method of claim 36, wherein the database is separated from the

RFID device, and the information is transferred to that database.



