;e3el . 6T( APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS

| NCORPORATI ON BY REFERENCE Thi s patent application clains m u.
S. application serial nunber 09/134,686, filed August 14, “ﬁl%ﬁ' mlm mﬂl
sane title, and U. S. application serial nunber 09/ 344, 758,

1999 with the same title, both of which were assigned to the as¥%Ynee of
the present invention, and the contents of both of which are incorporated

appl fcat i one for radi o 11 AREHGATINSHORRADCERERUENEN e *anc

particularly to the use of 5L“**ﬁtﬁﬁ?ﬂﬁchﬁ?b@§§?§ﬁﬁﬁu gl5 BACKGROUND OF THE

| NVENTI ON El ectronic article survelllancCe systens detect the

presence of small electronic devices placed on or in an article or carried

by a person of iQNcb§§bRA§ﬂﬂvﬁ??&ﬁﬁﬁﬁﬁcﬁsed inretail or library

environments to deter tneft or frer urmaut hori zed renoval of articles.

These devi cés, which amepﬁammmhhymkmmmnxhdwmagéi&mpﬁnukmmgthame in the 20

past contained o 14€ e m This
319%1 %t fif ne 14 P@é Hifhe § nBE Qe 0% a Opglcaagh éeﬁﬁ

i nformation coul ectronically’interragatin

ei ther interm ttewmbg 088344638t ﬁl%@www%ﬁlthémameftwe,rbom @thbwemew&segf EAS
systems have evol i gl JQyhke dide pkEaH fven afmtmonwsmoﬁ,df%ﬁﬁmgaﬂ on was
carried out: magnetic, nagnetonmechani ca radio frequency (RF), and

m crowave. Of thé§@ﬂW6ﬁ%“Wﬁ§§ﬁE€h%@%ystens have provided the 25 hi ghest

| evel of segurity in nost applications. Magnetic tags are easily hidden in
or on an object, difficult to detect (because they are |ess susceptible to
shi el di ng) bendi C re), and easy to deactivate and reactivate,

thereby providing a h'rrgéhnctagdneaatekftosmmb.tsxforamb F&iEncy ERHBRLA GFIDEgar di ng
the status of the tlag % arti l Ngqy users.?&_EAS systens desire to
know nore than j S¥Heh &t Wé?'c'ﬁaryécbiggﬁsec? Jush gystews g fiyalless  They al so want to

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

regarding the ch ﬂﬁkﬁﬁﬁ such as their date of
rnamufacturer5 |nvaégek b f%%anwwmgmhave general |y been comruni cat ed

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

l

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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aut omat ed handling and control systens through an optical bar code. Wile
i nexpensi ve and effective, the optical bar code system has certain
limtations Bar codes nmust be visible, which limts the |ocations in which
they may be placed, and bar codes can easily be obscured, either
accidentally or intentionally. The rangey.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 yauaﬂﬁdttd RAGithgfaR4 cdﬁ,foﬁs@tttmhm%!gﬁ@n oﬁtea%uﬁadpawhﬂpdeaeam of ten
exposed to permt detecti on) barcode I's susceptible to danage that can
resul t in detasdteffestive.ghe eptise), baL@é@ Sygtemrhas @ttri?lnélmﬂtﬂm Rersqodgsemist B essed one
at atime. T i bI e or
et fici ont fariganunilstelofich ¥ oiOHReE HE) Bad S bl MNP BT,
recently, el detabseured, mdenaqcfdemaltyiommte(nabrsadiy kiihn/mng:sn whidh mdétwqmancy

identification_ or I D), t.e ues.,.n e devel oped, t dress the
limtations Oansgﬁptﬁgaéf thaf d%o parﬁ*‘fe sgﬁ?gt jﬁ%"aﬁé q}’@%ggﬁve Obﬁ provi di ng
obj ect i dent idppmptiately pamdorteﬂmldetag;onbAIsoatlssaatdebarmbdmtarddﬁe@éipﬂsdi tog Obj ect

security because nost. RFID s operate in f uenc es (~1 and

2bove) T wiiREEE AESHiaD e bR RasE Bl e damaggdh ST BBATED sncy

associ at ed Wfhilurés2diagilyl ARG agdSe dcsseai (bﬁ@ﬁtuﬁrﬁe t11Rye @ﬁr?ﬂs ofshi el ded"
umrt ol or even

by) for exanple, covering the ta n r al um

pl aci ng the%cm systegpyRak eEbehur%&trﬁ‘é? 9= *ﬁdﬁe rSaRIP BPPIFRIGDR AR % ags may be
bl ocked, al t hpsging lik@iymédange is superior and bl ocking woul d be nore

di ffi cuI t. Thus, objects tagged with an RFID tag nay escape detection,

ei t her inadvertent| y or intentionally. This greatly reduces their

effectiveness as %&HE&cEMlyd@t‘étR)%tdeRﬁicQ Jﬂ%ﬁ&k&uﬁra‘?grﬁﬁ&@eqh@rlc?t ed to "smart
cards." Both contact and _contactless smart cards have appearéd in

conmer ci al apprigeationqs RFEndeehniguss avebesradevelonsd taaddsest tedmitaiians of speci fi ¢
person rat hergstiBaBarbid mbasggaqs mbt &E&eedédsxﬁHﬁ:%ldfn‘éloﬁfe&qdetnﬂﬂéahsn aRcurity and
tracki ng of the smart card (or of person carrying it) are simlar to

t hose di scuss!eadklawea’tedpﬁmnmwbj%@cw&mcwsy mog} ssgereci ated with
RFI D mar ker s qefatsinHehdtney :Qnéé&?ﬂ%ﬁ%’ﬂd db%(:e)tupwﬁi@t}’@t@‘#‘agﬁ&a&xt)ﬁ&féafédt'h?c art of
radi o frequency- and m crowave- based tags. Substantial” effort has been
expended in deeusitpdeficiencyastasisied g rdétﬁrtquemuweé agges peganse they sllency- and

i cr owave- DaserlolfAP P exBIEYRkring RSy OAT a RS ARkl i | VGV ed L hel ¢
perfornance as security tag U. S. "Pat ent . 5 (Narlow et al.),
entitled maqlacmséawa@yam Faep w@rvrpma@drqﬁeqmner@mags may|bablecksds a dual
frequency aﬁhﬂ&@hﬁéﬁ‘?ﬁéﬁgeﬁ?‘&p@& aﬁd‘ﬁécktr%ctlrwﬂﬁ% Rite BMBRNERE bk having a
di ode, and a deactivation circuit ctivation circuit responds to a

| ow ener gy altegged aathry RIED itag may epdapg @tqﬁyon\,m!ltrem@veaemtwqrag@npwlvhe di ode of
t he antenna t her eby
doacti vati ng FRcHEhyIURR he BrERE) b lEarhRGicR DR R

capaci t or - basreldtedag“&mast@hwséd&ilhcmtamcetllafaless Smagl chrdnkavelappeareddml char ge

t |1
Radi o 1 equerG Mol EpIERILHE, yaf &R Ui (BBERHEREH NG BiIbIRTNG™0, o)
(Mont ean et ahan)wntlna;tagghd abjecgrmetsirdated embnseculliendreaphing o thelsmapardal t er s
t he tuni ng of nek. accessor
devi cg, | agd t(ﬂ'elr}tg‘gé 3%? c%qy'f‘ ’[f'teﬁ?%aﬁ&%?tt r eque(ﬁ%yysfaergb%oeﬁ}soeigﬁ) Fﬁ’ek%{lag. Y
Al t hough these tags have a certain utility, they still do not address the

i ssues of enhanced.,secur. and i. e tif Radi o, f -

dont 11 cat on t e gty s SebHeChuARER hoor S RMist o BPEantp o

i ncl udi ng) ;\/btanymieakilledimltﬁe dreefadib ﬁ?equ&&'yemd niikrotvevesbaSedF/AR B8O and .

5, 565, 846 | . Patent N 4 80 an

! 247, 604)) IEBAMEh TS BehetBRtdch wiseor o ighedd hh h ARl AL tofBoe U, S

Pat ent Nunberfge ﬂclﬁ’cﬁ-?anﬁ%croa'aqe%s&ms tagsO HowdOet; none z&ﬁul?s?ﬁmalﬁyﬂﬂlpﬁwédﬂ 851),
CSIR (see European docunent nunbers 0 494 114 A2; 585 132 A1, 0 598 624
Al; and 0 613heisperigpmance p\fecuriitags. éJSFPa@E%NOJ\hWeWé (Naripyget by entifled s 547
5,521, 601; ang aﬁ Als@ REDRAVIRA Coil S&LAHRNA Gl frécfb% & S. Patent No.
5, 625, 341). Thes gs aII enpt to provide renote identifi cation without
the need for a battery They operate at frequencies ranging from 125 KHz to
2.45 GHz. The |l ower frequency tags ( ~125 KHz) are noderately resistant to
shi el ding, 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 M1z, 915 MHz, and 2.45
GHz) the added bandvvl dth ava| I abl e has permtted the devel oprrent of
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-4 shielding discussed earlier. Thus, they cannot provide the high | evel of
security demanded in certain applications, such as a library Fromthe
foregoi ng discussion, it should be clear that there are a nunber of
applications for RFID tags in various environnents in which the identity of
the tagged itemis inportant. For exanple, PCT" Publication WO 99/05660,
publ i shed February 4, 1999 and assi gned t(53'Checkpoi nt Systems I nc.

descri bes an inventor tem usi articles ta The referred
rbodi ment - descr MEAvI BASIFE T e DS PAELETS L Ring  ORES BHE SO, by ary
nmaterials, which cire. trihemeahﬁ/aﬁ‘dnetr&ﬁdespwds mﬂlwaﬁagaltémathymmﬁdﬁamt i ng t he
RFIDtagto deter, neth mat er i

i mportant or dem'ﬁ%fﬁ’f‘%a ‘1‘6$°a{?8‘ S‘rpx%%{’ileeran °W§7éﬁ%“8fﬁ}a%tar‘h§? tﬁ%d‘?‘ger’?ﬁ?ﬁbt hat are
not described or asteggetherelry deattivdtiog the 6. plnllmlugrcxabﬁlribr soﬁUWEh‘ﬁoﬂ?th?HE

| NVENTI ON The preseni Sw bGil RFI V] 19 handhel d
RFI D devi ces, ancfap“ﬁcfr'bé ?pa% a?sggme%@ﬂwge e %}Cg% eV e géveg

appl i cati ons may \#dmhusﬂdcausntbmm@diecm aviiviated umrem;nomalﬂﬁt are associated with
an RFID tag, and optionally a magnetic security elenment. The devices and
applications are described with particular reference to |ibrary materials
such as books, peri odRedtid SequenariEABtpaeefiths typedisdpsed ol S rRatineNo. X M&A01
appl i cations for g f
DESCR PTi o o QR RS R AR, B gl chiyiatlery Hithiab of
detai|l with ref ertbaefegwhes ithapbegn %%bhemagﬂﬁtgafr‘é'sﬂn agogssopidevice} ankdaherghyrbloe

represent |ike stihdiglibfrequehty PUEEHLEr thess. SEMEIgR heYd EGhaved Wrdifuty, tHey

still do not address the issues of enhanced security and identification.

eater

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



tags; Figures 1 A and 1 B are schematic illustrations of radio frequency
Identification Figure 2 is a schematic of a second enbodi nent of a radio
frequency identification tag; Figure 3 is a schematic top view of a
conbination tag; Figure 4 is a block diagramof an RFID interrogation
systeminteracting with an RFID tag; -p Figures 5, 6, 7, and 8 are
illustrations of conbination tags according to the present invention; and

of "t he- pr esentieREsibbrd SrieT AT wry B Ak e BRI T

demanded in certain applications, such as a library

From the foregoing discussion, it should be clear that there are a number of
applications for RFID tags in various environments in which the identity of the tagged
item is important. For example, PCT Publication WO 99/05660, published February 4,
1999 and assigned to Checkpoint Systems, Inc., describes an inventory system using
articles with RFID tags. The preferred embodiment described therein contemplates the
use of RFID tags in library materials, which may then be checked out automatically by
interrogating the RFID tag to determine t.he identify of the material. However, a number
of important or desirable library or other inventory functions remain that are not

described or suggested in the ‘660 publication.

SUMMARY OF THE INVENTION

The present invention relates to RFID devices, including handheld RFID devices,

and applications for such devices. The devices and applications may be used in
connection with items that are associated with an RFID tag, and optionally a magnetic
security element. The devices and applications are described with panticular reference to
library materials such as books, periodicals, and magnetic and optical media. Other

applications for the present invention are also envisioned.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in greater detail with reference to the attached
Figures, in which like numbers represent like structure throughout the several views, and
in which

Figures 1A and 1B are schematic illustrations of radio frequency identification
tags;

Figure 2 is a schematic of a second embodiment of a radio frequency
identification tag;

Figure 3 is a schematic top view of a combination tag;

Figure 4 is a block diagram of an RFID interrogation system interacting with an
RFID tag;



The enbodi nents of the present invention described herein nmake use of RFID
tags, and preferably of conbination RFID nagnetic security tags. Tags of
this type were disclosed in U S Application Serial Nunber 09/093, 120,
filed June 8) 1998 and entitled "ldentification Tag Wth Enhanced
Security," which was assigned to the assi-fthee of the present invention and
was incorporated by reference into the U S. application fromwhich the
present appli cati orFigired 376, Rrands iafelllusfatidds 6f doadindtsnabgsictsrding o thbie
magnetic, RFID, and. corrbi.naéi on tags used in conjunction with the

embodi nents of PIEHFE BYLEEREAY nyention is described in Section 1, bel ow, and

t he enmbodi nents of gfigess, @6ent 12, NVl 9 BreaBirhitBNoSBHobsUnidddindmgef @kl 10

Section Il below. |. Tads and El ements For Use Wth Enbodi nents of the
Present | nvent PréiPARYeRloORised with the enbodi nents of the invention
described in Section I, below) may incorporate both object identification

and effective security in a si n%l e device. They preferably include an

el enent t hat !MMM@&%&MWOQaﬂ on signal) and an

el ement that is respRRALNEMERs B hdfteQnd HEAHENGcrbRE RELAUAKE OR BRENR! - I N
one enbodi nent, the magnetically- r-esgonm ve el ement al so provides the
antenna for thess aef preferablypd seybinatiop BREY/ magnslie sasvity Tags Tegsof thisd¥hsonsi ve"
means, in the f; tcehima LY h ovi des
intelligible iﬁ?’éi"%ﬁ’?ﬁn‘“ &hk%r’n‘%%%ﬁ&e?‘csteg@ {0 t’é’ﬁf’%%%f‘?&‘?‘%f’e“%? el gghti on
field. The i ndénitieliddcntifieaton{Tag Wi Edbweed Sredritfi” mdichlyek essigntdloltbaved by a
description of | I . : Ll nbodi nent s
of the pr esentas?ﬁ_'\?/ée%%}Hgg)yéfg@éﬁ‘?@leoa%ﬁ%wgéh%&l?géﬁ‘l@??ﬁ%%ﬁ?\%%%@g?IhsgI ude either
an RFI D el emengpphtatinefromwhichdbapresenitapplicatdn daimRpridiite| A detailedadestriptioredfnet i ¢
security el ene : t . - I =S8 P%l :

magneti cal | y- r@éb"éﬁ"sﬁ"g’g& e é%eﬁnét()ﬁl?ilgl’tlﬁ’rn g?ég‘r?‘g‘g%%%@é‘% a ngmg%iéw%lltsvoef force,
hi gh per meabi | tht prefeant muerdign et descritred in Se@iop 1.shelohw, asd thtembadireentsdf thesed i n t he

tri ld b -6 Ni;ng. f [ Co f St.
paul | M nesot 3T R Rt RSy Bl R AR bR 0. STERE St 1 s

These strips, or marker assenblies, are described in several patents

Chet gpggn§° 3M_ 1 ot .{agmum&-mF@Rﬁ@%vu%%éa%%%%&%ﬁ@@@%dhg;4;’ 086
Exenpl ary | ow coer cA tag ub@irwieh thi ergodineantsed idiel invexttidnedescpibedinSecton fabeowal s

i nclude permal | oy. (a nickel./iraon.al.l.oy. n i gh performance anorphous
metal s such as™t 'Séoépp(g\;}tﬁggf)gbqbgmf'9%‘?7‘1'%%%" Nadl eic}régglgéﬁgp{y&ﬁﬂga?g%'fcewgrﬁ?yi st own,
NY under the dmefegbiytinchnis alelegkmashalii O&hbraivd 1d/knggretc dtebdpatidnaignal, and

magneti cal | y-responsj ve .el enent e.either. single status or dual status,
dependi ng on tWeé?%ef‘t‘y%t ‘6fchcH’éw%p(;?¥r8$%fr\ﬁﬁ"f‘:ﬁcW‘ieEﬁg’t"ﬂ'és'g'?ai'n@n ®is

associ at ed. Foemtedmrepl, €he mapntiialiy-regioasi e tendaogdiosproviddsitl antanesfoathe radiit t 0 be
renoved fromthe |ibr arg .anfi thua. a si I{]%| e- st at us énotg-dea?cﬁtli%/tﬁt abl e)

mar ker woul d af GESAEYTERAPISESTmITRY HAP 1eBT cFrSRPENG KS3Rs Skt SPHET A e,
interrogation greqat intdntied, tlak the@leMSnt peaiedes AtellEIMIdrhitdhaVHén BRjeered 8 s OF
comerci al goods, mmy.require dual - status marker assenbly, so that when
the article hatPPIRPERCHHEFRERLION %ldo The indiyiqubelsreniere %w%s ﬂgb?ff%ri ately
deactivat ed t ofpR6wassYla deSripabA O cBMbinifonithy. eAJ Wl BEdRR appatEMQne Dual status
functionality is %_eneral | y provided through the addition of sections of

hi gher coer ci ViRBpdimegisex the presen iqvantion dessribsdipSeqgion H, baleav, reay inchide either ¢ y
magnetic mat er iRFIDAfentREAbeL6 RRIbANIHYE ah RFID Bt SRS LRagRliEREuri

i ncorporated by reference above. Certain magnetically-responsive el enents
have the abilidémen switch magnetic orientation rapidly when passed through
a low frequency alternating magnetic field (50 Hz to 100 KHz, for exanple))
and to produce a predeterm ned characteristic response that nay be detected
by the receiving cd. i Responsivetiidersent t chi ng function of the marker

EhedViagneiati e Resq I
assenbly is control ; etizatiqn s f e jve
force el enents) or 'ﬂhgg‘eagiert 'tcgﬁérgﬁgél'sv%@é@ﬁgﬁs Pfﬁ%@éﬁéaggéfa gp’e%grﬁﬁg?(ggé
magnet i zed, t heglaferhedbilityoferromagnesa ke erial, Gudheag it haterlal ysed wi the kinpssold tynd fort h
within the alternating magnetic field of the interrogation zone is altered,
and tile 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 mar ker assenbly may al so include adhesive on one or both sides thereof,
to enable the marker to be bonded to a book or other article. The adhesive
| 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,marker assenbly are described in
the U S. Patent Nos. 3,790,945 (Fearon), 5,083,112 (Piotrowski), and

{7 aquency rmgRstpinesfl MDEAPOLRIER B CORbEL P EF PRI SEERT el 0,

detection, ththg dmig,naben ‘CFABEALE-YAPF™I beaid smipa Theskestnay oratayken hsserldies, when

securityisi rtapt,. I n addition iva activated
nore conveni eﬁpﬁﬁcngﬂfﬁf%"?@ Qa‘e%%ﬁé'g'ggg%ﬁlgﬂ%ﬁ}uf%ﬁ%ng Ng’ esfr%qgﬁng ot her
(EAS th echn|0! gg(mjﬁﬁnggra:kd mmﬁdsﬁqpmrﬁ@) ke Eakhg of Olhlchlﬁr@ mﬁlarp@?wd%y mefaﬁiwelB c atT ihons
such as librarie re this characteristic. is,_hi y,.des e
Radi o Fr equen‘&"ﬁe‘P&Z%’ﬁﬁﬁgf}\)éwlﬁP%’ﬁ%ﬁ orgerPigh E%ﬁaga%é%)hfeﬁem@anf%é?at%{@ﬁ iy

passive. An aﬁéﬂn‘dm}yt@ﬂnckém*ﬁEHHy?taﬁéSm%ﬁp&ﬂﬁxhﬁdc@ﬁkﬁbmﬁ&ﬁhﬂiﬁls%gﬂfﬁ%ossUCh as a
battery, into the tag construction his energy squrce perm.ts active RFID

tags to creat@atsile ﬁ%%nﬁlhe@t&nanﬁom@@beﬂéew%fﬁw ue%#heu gSIBN8HPMNs wher e
the i nterrogaifefpihs2204M ahid RRHPRCY14A el d is weak, and thus an active RFID
tag can be detected at greater range. However, the rel atively short
lifetime of the-battery Iimts the useful life of the tag. In addition, the
battery adds to tMNpheShafetRBt- ﬁep%hs,@cfenéntbﬁt b8 AnBansl Gut Bodenines the
energy needed to power the tag fromthe interrogating radio frequéncy
field, and usdependieg orethe pgyretadthergislenvith whidhsbneemenbisessogigtedrolthil ati ng t he
|npedance t he, n r t hggg

nmodul ating théégxﬁ aR E§§@%Eé%gdéﬂﬁah& e&ggg%%?ﬂgﬁ%ghﬂghél t}y'dthelr
range i s nor ethps wvdwtamﬁms@aq@uysbl@enmgsvoalud@lwemé-pateuhmhm swalirgy

appl i cati ons, to this

cl ass of tag. b&#ﬂﬁ; és%@ﬂc{xtﬂﬁ%ﬁn&éno@%e nggro tﬁec gﬁgﬂe“e“\rms suc}f)% °§'§@%ng t hat these
two types of malggalsprgomnengial ghedst mayrsquand dublestatisondrker asserhiely, s gt wheth t hi s

i nvention. Asy,shawn v0bde BesRATR! 8 GG YedcRSRaND! Ve

el enent 10 typ?caﬁéy a?ncrgg{é)grl){l% é%n%%nn\éaﬁ‘fgsr g eg[%)?@grarg 3JCC|¥§J}|%t 12 and
an ant enna 14presenedétentiogbuthednterrageudn sopicov e statu &nplidnality i gerpealyi f i cat i on
function It i r Ul & store the
tag identifi c'%? #’lg%?g‘m}% E‘%d&dgg&rsg{){c’gs é‘r%] Xm}é&emmgﬂmﬁ}%{ér p'rrﬁglﬁgl Earynd process
comands r eceprogigity tothetidve coantigtyrmuagatticamtdniak dydeseibed beigyoard it ther equests f or

i nformation [ t he hardware in resol ving
conflicts reg%'%éEEP#&ﬁﬁwﬁﬁﬁ&%dbﬁﬁggagggéi%ondlng to interrogation

si mul taneously. Optionally, the integrated circuit may provide for updating
Feadi ngt he i nf or ravig kgt SRR ARl o i, RRBRSERbE 1E1 ¢ (o
use i n RFI D neridatation rapdllmluntplaxsstbthmnahhmw&ewcrwmalfwaxsg mngtemufnimtiﬂ (in
e T S, S Bl B B945 Al LB AL B Gk SR M7
anong ot her s.that may bc detected by the receiving coils of a detector. The swuchmg functlon of the

marker assembly is controlled by the magnetization state of the high coercive force
elements, or “keeper elements.” When these keeper elements are magnetized, the ability
of the marker to magnetically switch back and forth within the alternating magnetic field
of the interrogation zone is altered, and the marker typically is not detected. When the
keeper elements are demagnetized, the marker can again perform the switching function,
enabling the interrogation source to detect the presence of the marker. The keeper

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



The antenna geonetry and properties depend on the desired operating
frequency of the RFID portion of the tag. For exanple, 2 45 GHz (or
simlar) RFID tags would typically include a dipole antenna) such as the

| i near di pol e antennas 4a shown in Figure 1 A or the folded dipole
antennas 14a shown attached to the radio-%requency responsive el enent 1Ca
in Figure 1 B. A 13.56 MHz (or simlar) RFID tag would use a spiral or coi

antenna 14b, as shqwemaikengsba@sbiht @ayt e m@cﬁeadﬁe&@quﬁaﬁe/orrtﬁsspsmsih\moetcenent
10b in Figure 2. In either ease, the antenna 14 |ntg pt.s the radio

frequency energePle thamarker ok beRded e 8 bpejyeliathsh arbishy J8e f"%e layegSmaydiser gy

carries both pWaEd BNEreaRIIBRNMS:, tPpei@t hdhBsionldTeheRARENS a8 BARbRRA t he
RF-responsive el ement to absorb energy sufficient to power the |C chip and

t her eby provi derfagg@ripeFpplicatiango e imepded swépce. Thiese amdrféhefrﬁ%@f%tomest i cs of
the ant enna. Mygh s BRbRRAILAILLIIR (/3 SCPA NUQIOfb0ldas (Feal dAE BI0RON 8 €C. 1 1
the case of tags operatin range, theé nost important
char act eri st i dPiogowsks), ard hﬂélﬁéﬁg@hﬁ% ﬂfkﬁmmf@l% bméer@mel@w ve length of a
di pole antenna is selected so that it is close to a half wavel ength or
mul tiple half wavel ength of the interrogation signal. In the case of tags
operating in the | Bacase lovdrektncy magretic élirﬁermfnmlz;ypé@nedﬁaﬂmbd)leld\ﬁeme a

hal f wavel engt t he

i nport ant char%([:t%me?nl g@?g{ﬁgérgemgﬁ\t%éhﬁg& ?ﬁ%ﬁgfwaéeygf'cf%%%%’)e ’sof turns on
the antenna coimportdhor Inpddiom e maz be deretvategoodiretbatedingae ccmm’hndy,i vity is
required. Typical 0 ed, but
ot her conduct ocﬁg’pie%ﬁégﬁ%'%héw?&qﬂagﬁﬁ aéﬁeﬁggﬁl msguoiﬁ %A%g%% ‘g@?‘%é‘?{ al so
accept abl e andhen mprei smtzilm:ibr uqsnreéeeuamadplfcMonp(uupjomelﬂ)mfes)t\bhese thisvention. |t
is also irrport nt ttrp?. mq‘ elm lel npedance of the selected IC chip match

t he i npedance O T RE &t e%]r?'a fhraxi mum energy transfer. Additional

i nformati on about antennas is knovvn to those of ordinary skill in the art

-9 from for exanple, reference texts such_as D Kraus, Antennas (2d ed.
1988) McGawhill, éﬂc—jﬁg%w e Wﬁgy-'v)&'@@ﬁ?ﬂ%%{y ¢ Gis often included to

i ncrease the perf oRFHEDCas 0in HeleRhemattieror p:&SwéS mvmuirerlafingmeraés anfhe capacit or

1 G wh th ting f f the tag t ticul
val o, Thi & | SCRUer) HRTE PFe BT AG ket AT HABEPRIRD TINE g | neur i ng

gorrpl i ance wi tdouzrceguhm adtive Réqnlageméase ar?llnensaﬁtpm@hg m’sgdmg/m@glslgee‘n ihe a
| screte corrponent rate t he enna, as SCri pe OW.
Some. g des) gABms e b inioge: PR sac Beugiu 0% & Wi SRl b R

f requenci es, sug:hma»s dateétEd StidzdateR rdng&li HOWORR 8kl rtlativelySsho lifetime of thed The

Tho-ant enna. Y LG TR sob b LA b InaH B gt sthip Qe are fdiven by, 1
1 ( Z-r ~ Ld?mth@g eAgassws&Easﬂnxe@ﬂféeenérgﬁndiaéda%})wbrﬂie tadieai@ace {in
1-ienries) claosely matches the desired operating frequency of the RFID

system The cdP&EP8ayPe rrdip fepnuggoniield, agd uses thal Anergy da arsmitdrsParse 4ease PY hed i n
U.S. Patent NQﬁeduﬂmﬁ% eﬂ;@dﬁr&@!ﬁc affen® préseRB e ﬁ?@ro@ hg(GERI dheRby al ) ) which
ar e aSS|gned to 3M stri but ed capamtance is desirab eto re ucetag

si ze, parti culapdulptingthe kigaal sefleieriback torihg r%ﬂq@mﬁwmaThtas@@mnsz is mgre

operation, as NN | 110 is
i nterrogated \t/):zmgn Ei%u?e‘%ﬁ\}l%tt{/bssags}ﬁ%%ﬁg b ﬂﬁ ﬁl{b?bs{m{s?g?c |“§&|°g§%t ed near

the point at viiicassiopnall beepsfineddo this dhass ﬁBnﬂtHOerSkﬂhd in the vty toygvarovillzone may
be establishe r fromthe
roomin whi chdrte ﬁ)gmg %ﬁ‘g{ &gﬁ?gﬁgss&g%gg%{'dcr)éé‘g?@@&%és %&R%t%ﬁ@gg%%?r yi ng
itens to be nowihtbiseenton. t he | i ke. Hand hel d detection devices may al so be
used. An interrogation source 102 (typically including a drive oscillator
and an anplifier) is coupled to an antenna |04 (sonetinmes described as a
field coil) for tr Asshovrinfguen, alpmmantdiorf@qﬂaﬂy-oesboxequehmymfm@pﬁhau)or

interrogation signal. Lo the | ot el 00atd O HONE ., ING,SHS ATikODuE o0

circuit provides the primary identification function It includes software and circuitry 1o



for receiving a signal (shown as antenna |04, and sonetines described as a
receiving coil) and detector 106 for processing signals produced by tags in
the interrogation zone. The interrogation source 102 transmts an

i nterrogation signal 200, which may be selected within certain known
frequency bands that are preferred becauke they do not interfere with other
applications, and because they conply wi th applicable governnent

regul ations. MTeanentestprgdhetag rdsglifispieop-anéatberrdshitableatfomation, inserefeyand an

i nterrogation_si ' j ' 1 b galag92 that is
recei ved by t%@c%g?lé%dﬁ%{‘d%egag%gd& (tﬁ? Q‘tﬁz“r‘n&@é‘éﬁ‘f"g%ﬁ’eg"? %osld?%%la élshse det ect or
decodes t he rnfpmatm, byithieinteirbpaer, tidestisthe(Mandpiaeah regoliiag echilots resultmgmat i on
stored in a c uter .or other .mepory device 8 an akes action based on
the code si gngg'r')'d'éu?tg’éet%%f r\cfaProf‘%ﬁ%{BDﬁ?)téfr?qag%'f ?”8'?‘1@’“%)‘%"51?' 'hgpﬁ?qaﬁ’ét‘?eat ed system
are known t o inkegsatedairosikinky promidé foe updating the Infldinagpn sted iextamemery usi ng
separate antepn faor the interrogati on.source 102 and .the detector 106 in
pl ace of the Q’F%Z‘f'@g%\%togﬂ?f’ﬁd i‘b’&s‘t"?@t"f%f‘)’?’ PIRpLPR 3?‘@5?“%’8& ﬁmﬁ&?‘ﬁgt ags al so
provi de si gni firceaniuitdf®bause 9 RFUS fiarkdBGRRIE Hote dVailBle)ronsDER@S Indsmdnty t he

form of read-gnly, ry._or wite-once nenory, but re preferably offering
the user the %f‘%é!rfr}ﬁ}‘t%d% Fagddineg Voﬂ}ﬁ&&tpé‘“i’hé“ therd TTR%M‘&&/W ‘ﬁé}{?ets
contents frompgpdiitsiMoroldMBdATRHNSInAE CABREYmD hR¥ALRRersan vary) and

i nfluences the size and cost of the integrated circuit portion of an RFID

tag. Typically, between 128 bits and 512 bits of total nenory can be

provi ded econom cafentefiRf geBh@PhR el & 2bidshld Spetifgtd
Instrunents of Dallas ,me'll'exgaes, @{?ralderﬁ%’bﬁe e%jespi%%rﬁi“on K Taf{fig;lt'ggrﬁ?%es 256
a

bits of user phtbgRERRasHen ofthoieg. For cagonle 2o Gl (epgmiln BEWDHY reserved
for items SuchyAsytiiGdid e dnidins $hdnal HRUADE Bipolk ShishnaaARSwHRMERET Ur i ng
information, and the Iike.” Sim|l arl¥, an RFID {a aval | able from Philips
Semi conduct or Aot t faldé dieple anlenrae i 4azsheln attagkpdito thesadiefeayarayiresnonsive Code”
provi des 384 Dbk ba bSHurd RITOAM 3L 11 (4 LI ATRABARE LBAGsd 2Birpidrs T eser ved
for the aforenmentioned types of information. This uSer accessible nenory
may be expl oi e@bpniegnzifthaticbovnetigsheditotherpdie refueeay respensivielenent OB 4t i on
system depl oy gghhref0in &hATHRLES thelahefhal 4R AE 1 ERY FLRHR My EleRSFMidt¥d by
libraries identify itenms by scanning an optical barcode. The unique

i dentifier coiilevesation seuifes Dy dusalentrey easiies bpd naweeand camgiapdsie Hei on

dat abase i ncl ydi Age SREWRSBIeR iR RIS Q)opéfve,elén{ep{)l@raUsoﬂyénQ@tsb@BeM%'dor s (LAV
software), where nore extensive iInformation about the itemis permanently
mai nt ai ned \Whpewerithe 16 chipand thereby prswisla theiresnprse treheedetnsted. Ihes, Wer ks very wel |
I'n many appl | Gidrd RASsjcs lof thEBMte A st %ﬂdh@ﬂ@éﬂ@;ﬁ@ﬁﬁn Fhich iSin&dPpHifed. 1 on to
the circul ati on database nust be established to access the information.
This limts tHethagase pEtggy operatiag intthehigh e tnEHa rang dhe ot iMpoftadts at a

| ocation reno [ t Gy lihl : rieval of
it or mat i on 17 mRE: BEARER Ry bR, AELRRARAeRR A ind L
unaccept abl y beleetpdisp that it prenlase did balfl wavelengtingy muatiplolidf wavelergilv9f thse. By
storing cert aj rltl i £ i of
hese (i m t at "ricehichSBhal, WES cibe of QLEGALLER Ao SR il 00 2011 o
i nprove the pMHzm farexameple)wharela Half swayeléngthrahiehnadaimpoattissy dweetmsizé present on
the RFID tag |.tself uld be library identification nber Wi t hout
acoessi ng. a clipifiens Riimbord Periflifiel ol AP G Gape L e iony P By

conveni ent |y dethenntenadolyFaibo anteasatppds gpot llectREdl Eorldadtiity ishepbredr exanpl e

of informatio ref er ahl resent on an RFID tag itself would be a code
desi gnati ng \Aﬁggf‘?@y Tﬁi@s %I“tcgﬁfi fRergr g‘B'(S‘l?}”"é“Wdobég's'fdtaEl&Oﬂbfﬁc%ﬂ?aft "t ape, a CD,
ordsone ot Periéicmeiﬁg mILm'Besic fshed& sﬁﬂ?s?}nﬁa%yhaxal@@h@eptﬁmﬂ?fdiaj\ﬁirt ﬂﬁa, medi a ][ygle
code specified in e 3M St andar. nt erchange Protocol, .which s avail able
fromthe assi Bﬁ?&geé?“ PH@°§FF€Z&‘F{'"Y6H\‘)‘§‘n9‘i‘6a?° IBPOTIRLEH the 1Pyt WRe ?Fg“f?he
medi a type, atHeisBeAédICSChipRhREN Bk inROAMIESMAE antenhi A matiMmtenkrigs tamferhat an
item was being appropriately processed without incurring the delay and

i nconveni ence%ﬂ“‘@'&h%‘fﬂ”ﬂ‘?‘i@ ahoyt @pigpnas sikpewn rthess ofierdimpryskill mhpart exanpl es
of information suitable for incorporation into the RFID | abel will be
apparent to those skilled in the art. Another area in which RFID systens
of fer an advant age over barcode-based systens is in the identification of
multiple itenms. By using sophisticated software al gorithnms, RFID readers
and markers cooperate to insure that all itens in the reader's
interrogation zone are successfully identified without intervention by the
operator. This capability enabl es the devel opnent of numerous usef ul
applications in the areas of inventory control, itemtracking, and sorting
that would be difficult of inpossible to inplenment with barcode-based

N o, o .



-12 C. The Conbination Tag As shown in Figures 3 and 5 through 8, the

conbi nation tag 20 conbi nes a magnetically-responsive elenment with an
RF-responsi ve el enment to provide the advantages of both. Thus, the two

el ements can be applied to an itemof interest at the sane tine, thereby
reduci ng cost. The conbination tag may b&-provided with a pressure
sensitive adhesive covered by a renovable |liner, which enables the

conbi nati on t dpn, dorxamplbeefedtntederas sl fsalce Kofug Netesnas (& . WEBNMeGaw-i ner
has been rennwgﬂ. Inwanq¢q§r enbodi ment, the tag uses the

magnet i cal | y- neLg8fisNo% Y8dnent as an antenna for the radio
frequency-responsive el enent. The magnetical |l y-responsi ve el enent, when
used as an antenna,, is electrically coupled to the radio

frequency-r esponsi VeC3RIUARHY IS © %“‘%‘Hﬂ?gm‘"ﬁ‘ﬁ%ﬁeﬁtﬁtpe%%“‘ffeof&ﬁfg?’heéi ¥y coupl ed
to the radi o fheWhRTGHTE 2SPRGhMREIECWVREN prestRCneThE HRtdAPR fleq@ndyasie
according to the present. i nvention my, be interrogated two ways. First, the
RFI D i nt er r ogdh B8 e ppertelaryaire Thisds desiratle for abjaiaing Pasimym-aprsralipg Ra8fuest and
recei ve codes #f HahfhdpSolplifes @Rﬁﬂgﬂ&tﬁ&%(ﬁuir_eﬂ@ﬁ@ TH @F IR Ay dMEHLe 2l Ndi cat e,
for exanple, the identification of the article wth which the tag is

associ at ed, arfiscygteegampongnher iitegratedantiaake dntenna prdsirebedbelvn clasemeltagSecond, a
magnetic inter t] i el : i 10 i ne whet her
The mmgnet | o FanERopitanddfssbs St o UpBll Ok el b il pRFRES B3 1C T
assenbly was &GH# rauninghepigtoeis netgeduired Bleumpaitoiduseltcisd oo thob veber eaypledse,
such as a notifi ! : r arti rliy
processed. Beéggggh?ﬁ%nﬁggﬁg%ggy?ﬁfﬁ%ﬁ%@g%f%%ﬁpgﬁgggg&ngﬁg?ghgﬂgo
shi el di ng t harstruprare; gislércdbyf r equency i nterrogation, the nmagnetic portion of

t he conbi nation tag woul d provi de enhanced s ity. Thus, the features of
both magnetic and RF1D tags are conbin =inlgzgi;ingle conbination tag. In
a preferred enmbodi nent, the conbination tagri/héCudes a

magneti cal | yresponsi ve el enent that al so functions as the antenna in the
circuitry of t¥W¥%adio frequency-responsive el enent. To serve both
functions, the ant @waapadiadei(lFafid9t exhi bit | ow nmagnetic coercivity and
very hi gh nagnetic pgrgeabilﬂty gig serve as an efficient security

el enent)) and nodefst & Wﬁmﬁfgﬁiglﬁ trical conductivity (to function as an
efficient antenna). In addition, the geonetry of the antenna nust be
conpatible wth both functions, In.this enbodi t he tenna. coul d, for
exanpl e) be f bR aAhes hedssised opgrati ,'eqaﬁncaP?tS‘ng MRl "eraPEIAN®Y - 13 1n
one eWPodi rrentalsoa)_eaMis'liﬂB%te‘dlc@paIi@d?aJ Hd!x’l:'riliag and‘s.spfm Noy, 43.‘_19'8!2}76 (Tdit Dhihyer

equi val ent magneti eent, may.be used as a linear djpole antenna to
operate at 2. 4@%5?7?35%%3 eg‘i‘ll)ri‘%/hé‘?' aff; A5PBREIde; A Mn Qstrppited ‘gﬁﬁ‘i“ﬁ'}ce\ﬂ dth and

thi ckness of tdusifabfelth rdducd 8 S2Y, BRI OhiEkRESEanl REmRRhike MEMAL assipdiAt i Ng
frequency and other characteristics of the RFID chip used. Typically) the
strip would be made from permal |l oy (avail able froma nunber of sources

i ncl udi ng Car pent ef, sp2fioR! ds ¥hddinl iP¥iureBeAdirth) fr?qﬁencgl?%anN%Qa%]ﬁ@d@ nane
"HyMu80") or an anorphous alloy such as that available fromthe

Al i edSi gnal Cpwpagaeddy avBAS) sseusivFystedy | 0 ychéah is thipicalie iicaisd neas thePPBLAY  and
its length woulg.hge Bt m%qbeﬁmg’rﬁoﬁ@.dﬂﬁ]tér Ridnzone ﬁ%e@s@ibliﬂ@&‘@s) . The
termnals of the integrated circuit would be physically connect'ed to the
ends of the seplagingtspaced détectioEpanels pérossithenxits from terrpem af whiglpthd sageed and power
gai n have estap).i { i i i de S

f undanent al e@g#‘%ﬁﬁﬁ#@%y%ﬁ? g'?“?%?%ﬁé&eﬁgoc%p@%ﬁx%?’ %Ithér;ﬁ(r%m clipol e
ant ennas nor neleld/detestioh deavicks mayalso &e osed p Anamelrdgation sobrcewd2 (yhellexpected to

perform both functions.sati.sfactorily. en _the nmagnetic -responsi ve

B eront s usclOSmes g 3ol e fambliicrl Sated 1) BT HEie JhigneiRs
frequency- r espdeeaibedasd fxtaedail) fol Bsiitingadhalterh@ing Fridafrtgpengfieldeor t 0 each
other. Electrical cou Ling.n@g.occur.becauiﬁ of a g%{ i cal connection
between nul t i PMETaEALAR gl LT itfErRRatioR zpqey fhe sysjem i0lspindliydes ADIALL of a
physi cal connection, by noncontact el ectromagnetic 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
as parasitic antenna el enents) reflector and director antennas) Yagi-Uda
antennas, or other suitable antenna configurations The conbination tag
shown in Figure 3 includes coil turns made from magnetic material. The tag
could be, for exanple, a 13.56 MHz tag having an antenna structure such as
14c in which flux collectors arc provided at the corners to inprove the
magnetic function of the tag. O her types of flux collectors may be

provi ded. The conbination tag 20 shown in Figure S includes a physical

e ~ - o - e



-14 may be applied to the magnetically-responsive material, so that 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 antefdira by parasitic dipole coupling to
provi de a conbination tag 20a The di pole antenna 23 nmay conprise either
magnet i cal | y- foespeiniag e signh(sbowahs antenmeot04 g semetonds|dyscribsipenseoemingat eri al .

Fi gures 7 and illustra nmbodi nent.s jn ich nore than one.antenna 22 is
b ovi ded ¢ o ot deliel ) e GE Pt s Erae byt g FRer R vl v | 1
the conbination tag 20b shown in Figure 7, integrated circuit 12 includes
di pol e antenna 23b) which is parasitically coupled tq antennas, 22b,

Ant ennas 22b are g ETORARRIRONICE 49T YansmikyRpiRteyesatian #8n2ht00, WG BRY ennas)

23b may be megleseRitedRa MR tirfd] koA TRARREMRANTRhA ateArefeiréll BebfisC MoPiSAd on tag
20c shown in Figure 8, a radio frequencyresponsive el enment of the type

shown in Fi guitstiorejvgthyphes applipatians, gndhesaise thexranplewidb praticabls sevMeemets 22c.
fntennas, 22¢ RRadBdCwatn MR AR &bl ERHR00 Sk En FRESL Alintedfiiant eNnas)

23c may be madé of nagnetically-responsive material er variations of

t hese embodi negnakit trarsmataits own reepningpriade Sigral 202dhatlig recdined foy theginighnat 194

conmbi nation t | | Sj l.e f. to be

i nconspi cuous%‘?} t%F%glet%j @Eiet%?tof nmarT hg?ftlg)cg‘?rede@oor%s tehkg%sg&g?’ “feﬁ]gﬁlﬁa{%eatgr%y be
appl i ed with ayimiy bsebat mfoenatiohstopddges cafpuser boother ragnbry tevice 108)samdabl e to

make the tag thin enqu t revent sy .det ection.by.observi he end of
the book ConvERTI6HA! a?%sonﬁr}éescog%S%'Bb&egg??/eﬁas}@f'?/usd?(gj'f%'?"é.ofe)'ré‘ei']ﬁ%r%t%d?ck, and
t he overal |l tysteneslsoon td thesd afgkill & tpe af melatihy, forexsmplbaningsépdfatenm (0 025
in). The conbj nat i ags. of this inventiqgn may b rovid inroll formto
enabl e t he au%“(t)en'%?sear ttshg%ﬁeérr?g?%" sg‘brfﬁ loga%f‘? §’ﬁ dS‘Ig&loﬁg%G\% Blﬂ?ﬁ cgﬁlggsén 0 articles.
Thi s general awahehd4 hatdedastiatzdd i n, for exanple) PCT Publication No. WO
97/ 36270 (DeVale et al.). Individual conbination tags) one or nore surfaces
of which may be covered by an adhesive (such as a pressure sensitive
adhesive), may be MedwovRHDf tagialdolpeovidelsignificaht ap@intsad ubse taveesxibld mem@gges of a

book, near itsmt%'{.nds!.ngl. 1A- p&q_eﬁé{sprieager nay .be Frovi ded to faci r| Iate
i nsertion of THE"ECEWD IFAL"0oN TG AR VY RV G FORETM U B EREETE to
det ect the posffaring rheakervisrdbiitystocaremedigmidatel (Re mbrdor bg revritinpyts edrsantsbe

provi ded. -%5 T[{}e Coer.mJ.l nartni an oP%gmci) 3 R)%!deg\c{gldvat Oarp :}1/ ue c?érstﬂiecsgleaa}l;

al t hough not ZYRpR4SIADE heampw e v,
cost of the integrated circuit portion of an RFID tag. Typically, between 128 bits and
512 bits of total memory can be provided economically. For example an RFID tag
available from Texas Instruments of Dallas, Texas, under the designation “Tag-it”
provides 256 bits of user programmable memory in addition to 128 bits of memory
reserved for items such as the unique tag serial number, version and manufacturing
information, and the like. Similarly, an RFID tag available from Philips Semiconductors
of Eindhoven, Netherlands, under the designation “1-Code” provides 384 bits of user
memory along with an additional 128 bits reserved for the aforementioned types of

information.

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

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



the processing of library materials Library materials having an RFID tag of
this type could be checked in and out nore easily, perhaps w thout human
assistance. That is, the naterials would automatically be checked out to a
particul ar patron (who may herself have an RFID tag associated with her
library card) when the patron passes thrbugh a suitable detection zone, and
checked back in when the patron re-enters the library with the materi al s.
The tag of thdib'rawammfoiwnrva;doasl(bévag&wc) wherie mpesextenyivermfragetingrdbouind

anal ysi's, by ena i_br nahors.to, rials

i nst ant aneous!y°" %’h‘@%’?ﬂ“‘?{‘ué l"ga'"eq'hai‘ge gﬁcfy%?'ﬁéaﬁ)ﬁga%ﬁﬁggevgl%p egl nvention
can, of courseworbevehrmlgnhtmahpa@Gmnomnnefahmiveawpkiismiazbmmgw)rfmcm as materials
handl ing in stores, vvareh u l n anot herlﬁ rBTR odinent, the

conbi nat i on t & RESAO phe aé"‘lﬂ‘éiag{if %ﬂ&eﬁﬁf’@‘é}?w RR i TBOR t hr ough a

magnet i ¢ r esporesintis il aﬁ}'éﬂabm%r optIRtiKBmati e whBOEHeinGs hieabeskies redotefign 4 ag had
been activated or deactivate and through a radio frequegﬁé}mﬁ:sponse

(i ndicating) tIPPRFGEN to pls ﬁf’é@aﬁﬁ SEpRG e Teltenal o mfarmpEon e 8" dat abase
or the menory d%ﬂlbﬁs@%aﬂc:)m:ﬁgﬁ @?dlk%ﬁbﬁac%&'ﬁ@doﬁgh%e bﬁ]ﬂcdlatrﬁ‘y'rﬂuhﬁipdm@bf

appropriately processed) ol | owi ng Ex I'es provide sti further
i nformation ashepy ush By %1@%"&}@66" Ffﬁ'OﬁlH@méﬁ{)’(ﬂﬁﬁ”Hﬁ‘m"émd\‘eW tagpethiaf on

descri bed in Sg&GEiRMatibhs cAA®k QWercdmeanPl € One A conbination tag was nmade in
accordance with the present invention. A permalloy strip produced from an

all oy available fromthe Car pent er Technol ogy Corporation of Readi ng)

Pennsyl vani a under OtnPQxa%ﬁ) E,ngpon %;%gld ’”@ﬁ’ﬁ%@%’%‘*‘&ﬁ ety fixture

manuf actured by Single stem; ornia. The
strip neasur eddenpficabsa syatteexllg/priseﬁt amthe KEID2A%g ltsn:)f wmuwéebylbﬁarf)@@niﬁnmw(lo 001 in)

thick by 10.16 u%nlr( ﬁ'h%nn)thgg{lgaccesm %éﬂ%% asfalz%%tx hne ?]agx'?lg’l I?btr V(g cglgeSI %E&B'dar d SCS

2.45 GHz ant enna conneC evice so that
upon exposure and cavﬁnéﬁﬂy@bﬁzrrﬁm@lb@l smplyan@nmlgohagm?mdame\MOtharbmphedf SCS RFID
tag the LED wou,l

Vi di.a ble confirmation of the

proper operat i ﬁmb"?'o'f Plfgf %Weq" ?55@ fngaﬁ ‘F"dﬁw ﬂ“ﬁ%cod’% é”é"a{m
repl aci ng t he wlietheche ﬂc:ﬁ@Ss ahbcﬁmm&dw thﬂsh tulnazdlo tapd am]mtootsgmeotpmtnml | oy
antenna, the D il te g r Iy t he . sane f rengt h,
confirming the ésucé’gee%ogf{]?orﬁﬁig?p \J¥ %ﬁ""(?f hteﬁ’ée BrytesPYHweciiss 'r%rf Jﬁf

Standard Interchange Protocol, which is avallable from the assignee of the present

invention. By immediately knowing the media type, a library’s material management

systems could insure that an item was being appropriately processed without incurring

the delay and inconvenience of consulting a remote circulation database. Other

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

to those skilled in the art.

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

implement with barcode-based identification systems.



Figure 3 illustrates another enbodi nent of an antenna that is believed
useful with a 13.56 MHz RFID design. At this frequency, a coil-type antenna
geonetry is preferred. The spiral turns conprising the coil are forned from
a magnetic alloy such as permall oy, either by etching (physical or
chemcal)) die cutting, or deposition thtough a mask. The straight "armn
portions of the coil serve also as the magnetically responsive elenents in
this design. However Ihekembisationdd@g| ength of these netallic elements in this
geonetry limts th f eGl o I i,on of the
device. 1n the enb%fjlgﬁr?e“ﬁ'ﬁ ;‘g%g{%ﬂ%iﬁ%&%@& }ég’glgp?%binaggfﬁégw%ﬁ&gsgrrents

provi ded at t maguticailyrrsspoassine dirpent withdandR R-eesponsveeitresnn provide the over cone
this limtation. The nst tycti,on shown in Figqure.,3 woul d..preferably,

i ncl ude a capg%‘faf‘%gesaoggﬁﬁlew %ﬁé‘l";‘”aé@%“r"i‘fo%a& b gpﬂl'ﬁqlgo ?"H%émodgér?%fl ﬁtgtﬁ requency
of the ant ennganiettirhé)@hepebgsatuking cost. NTirdompiabionnag machegneyded Wit a pressure
characteristics aof the .antenna descri .in this anpl e re co red with
Che char act er FaEis SIS RSTHEARY birmeeeticginer apich Sxebleq B ey bR Hedb Bt
circuits) anda¥iReausa shifsts of G anidleweh Bk lif& hidleen FinlBvEdAIn ahdther S bel i eved

t hat the antenngo f this exarrpée woul d function adequately in such an

application. R direriagrsesdhe magaetisallysigsponsivh Alementss aaeaermaidhtel ow may
use either a taih Meteny-respbisiaitlelehtD THE HaBRticallpresBobRE BleMait] Whitnfu@ bot h of
whi ch are descri bed abqgve. |1 Enbodi ments of the Present Invention A RFID
Devi ce wi th MayHEATEnEApaEinaty eapleidhesdiofenrsneytreparsye Hemeshisad B8Y ei t her
intentional |y oPhmapnétils8Be pRRRbIlyYcobMedProlthd¥adb YrefRhEyMspondivd denRhf €n | npor t ant
to provide both | D and rmagnetic security elenent's in the tagged |ibrary
material, preferably on the same tag. Wen the magnetic security element is
dual status, nmeanifige idadnatibn agma@@acé&hﬁgw MEp¥sAChldRbeflaphld deacti vat ed,
its status is_ typically chang:e by the application of a negnetic field to

t hat el enent . inmgEpgated ue ways- diyels tie REHR insanrogaties serrewaidd aserfadiefrequencyon

library mater ghss ®Ueduest an@ecbOOe SR TRIREGI-NEScirchi! T%I?:fl}\g?rgytﬁ)_n hajun ul

effects on magnetically-recorded nmedia. The 1nventive D device with
magnet i ¢ capabidicetei &5 exaiplee theddratfioptiesnl eheeartiqhr withewhibh e wigtintserciatady .

| nvol Vement - bynd WRE A SIAI ndTREREHSpehS pRAAND: IsBcdrinfindic irbTibh devi ce
is equipped to read I nformation fronQar_l RF1Dtag on an Item such as a
patron card, Kedryoulstingtragate iatagne determireefhethaithy magretic porfion efdbd markeread from
the. RFID tag 'aﬁgljnb'l?%?s Gt Ve S1rINARdr Qa&tmﬂ?q}aga&iye%e(i bibfsouRe Wbl OF
optical, for exanple), Ich can be used’ to Insure the proper subsequent
processi ng of Praducs & keaponyes suckEs Dnajifipition thas thaimseked quicisiednqlibesn RIOREEY i ce,

such as the CgidcesslSBARRE 1HeOnRRAR iRt EIARE MYALLORrR R nARRAR MR ON Of The
security el enent EOI"[I on of the itemtag. After the RFID device reads the
RFI Dtag, the @0 Fequencyriwpraagtion,theimagpatic gerioh pf baedramnation wewepldon to a
conputer havi Be,sRfhIRES LGRYY. dtls Rie Bathd Ok R Gadag, or LAV,
Anong appr oxi ?ratvgaf%rzcurreln)i 'LA_§’/ seo ttwgggtao;o;}/hst nsq%:ne "DangX, " which is
avai | abl e fr onembired inwatsinglemonbipatBonag. ces of Provo, Utah, "Carl ILS" which
is avail able from CARL Corporation of Denver, Col orado, and "DRA " which is
avai l able fromDRA, of St. Louis, Mssouri There are a nunmber of ways to
transmt the infor knea prefarrederatiodiegnt, therepmbingRiop Dgtingiudena magnetigally-syst em  One
woul d i nvol ve i ! i i ’ | nt er change
Pr ot ocol (Sl Pfééﬁ '{r%g'te tﬁ%ﬁ’e&g{iﬁ?ﬁQ?ﬁlglg[@keg{ﬁ?%g&%ﬂé{'é;%@%&i%t(f:ﬁ]gg@:foge known as a
"wedge" to tr &neguency-telgonsing edemant. i Bnseas bofh functions| theaatewd natesial must onvent i onal

bar code scannegg,..Thes i ¢ ose skilled
inthe art. IEL}P% llsag'nrg%ﬁgg,cg%ﬂgﬁh{f\%gg'&gﬂ%ﬁﬁaéﬁ{tﬁg%ﬁé%%%eﬁg\zﬁnge perforns
t he functi ons effioienteseturitypderhont yyred ndeare to high ekrttriba corslocievity (tafumetion ashi ch may

or may not contipue to be.used with the device. Thus, |ibrari

continue to u%et?iﬁ'g?tra"gﬂ?ag't f’\%d'\@ﬂi ”éecﬁef’ﬁﬂﬂfye(’fg@%@éel‘ﬁ’? 'HYsélrbf 8%@3@%?% E{er i nal s
whi | e enj oyi ngofhifenchigske dn fhiseibodimant] thy amertha taad, Ysresample)\e dedélcdisd frimh D
technol ogy. The REID de?/i ce .ne?d not include a display if it would

cooper at e wi t REERIRK 28 piayof piske! akifQRar ¢ system display to provide feedback
to the operator. Optionally, a display and other feedback nmechani sns may be
included in the RF1D 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 | abels, or
bot h.




_ 1 8_In operation, the device would process an itemfor check-in by
scanning for an RFID tag, a barcode, or both, retrieving the item
identification code and, preferably, the nedia type fromone or both of

t hese tags, and passing this information on to the LAV software system
Wien the device includes both an RFID system and an optical bar code
scanni ng system the device nmay al so be used to create RFID tags for nedia
that is only bar-coded. First, the bar code would be scanned, and then the
identifier (or an ID code associated with that identifier, depending on
system desi gn) woulldofeembotintesna 8 “Tawele-Gapkd¥” brabdgecirmestfp;Iddotieg al ong with
ot her data, such. as nedia type and t?t her sel ected. i nformation re# ned from
Uhe LAV sof t wedvagn magnelis clmeyiampPer ich as dllaesk SpRls SPeBRid PREESIFE  hen be
applied to thesmi 6ma stifigar Righ B eg@veyC &'h@ fenfth ewidiheme Mickingry 8NthisQtrippdref er abl y

al so perforns "srraéit ! rﬁslgnsi t,i.%i ng and desensiti zi n% of the rr? netic
security el enShieged o maspte pytipylas opegingfreapency and offer fraagierighe§ ot ®er eads t he
REID tag and tREDSHKipted. By picdiBNihe kirig alolbe inblo oM pk@alldy(avdiablk A¥mSOf t var e,
the LAV software can be programed 1o respond with an indication of the

type of i brarpmbgtdspyresididngifiapisnienperiply Alayadgiepdng E4otndst B 1248 t he LAV
sof t war e respqpe “BykseN ot SHnt@iHoldallb flch bat AGRBR AR 18E ABledSignabOMet hi Ng
for' which a specialized nagnetization operation is reduired

(magnet i cal | y-GaprspyedMagigionn. Ry pindenthggesicpation 274l ged tlengthiworldbPvat e only
the system t hajefgh ka5 uRd I Em DS hRtd PRcheELITHEXGHRGE of th intdifarkdWrcHipf t war e
indicates that the RFID tag is associated Wth an ordi nary book, and that

t he book may bBrowhbepwsicayicotmctedie thecydeafithargoysiy stom, Elecisenl measurements
magnet i zati on g : ' 2 : | | ement
associ ated w t(ﬁ){'tﬁ%egt% Jgggipﬁei%&gyg%%gflﬁlg{eﬁgﬁgi%xggﬁgwrggﬁ?% I c({af:tg g{s% that an
RF1D tag i s aseweifundsnentdl elactaca) tdeotetigtioeds thocoppsramplumjnumhdipplaani¢nhds~er ent

ol amont - assoor ST FREVIRELP{pah el P RRREE LULE LE-TRERGh hipehie ! Y

system m ght isausfaoiaily.f or exanple, a weaker magnetic field or a field
confined to the region in the imediate vicinity of the security el enent,
so as to prevent damage to the magnetic nmedia itself, depending on the
det ai | ed char act er iVéhencis: rodgnetivellysresponditeyeldragiss used us @ leabaparudithegniennat he

det ai | ed desi f the.deyice, the proc re mght iLnelude inlubiting
autonmati c act %g% F(r)ar#?os%e uesncﬁg%Sp?"Sw?jgﬁ%e gqﬁ%ﬁnﬁeﬁrggecﬁ%caﬁya‘?oumeg f@g r ef erabl y)

suf fici ent i nfaheraEleomicsimyupheg sipscedr ietaukd el aphpicay comfiectibrebd®ividn ndiple t sel f
that the interrogation, sour negd not transmt that information to the LAV
softuare, and ST B LAY MIIBRE He ApLPORRs Bt P HATPTEAErCH P8Pt em
directly. Thi scoanbogéctremtgnanididotipling K&l siioviip Fipuess Yy 3 taed18 )p Ndnodormoce, because
fewer steps are rle%ui re %o reach tge sama.resullt. Asda Hinhgﬁ t he RFID
tag shoul d st cPEPHERRYIMGUESRIESTIR CQURENEEIPAPYY TP UR G RREVEFINES {’T‘k Bt coul d
as noted aboveusk gfdhudenaddmborenals pandsiic ARkhraklemEhts Sefleyioe af digeREESSI ng,

W t hout transm ssion_ba to a dat algase_ par at e ft[om,t he RF)D device, is
referred to hetEnARsa¥ 215 NEHGS OROthereuitabie Jptenna cRglgWrRiOR age’ of an RFID
devi ce such as that described is that it may accept and process itens with
| ess dependence on their orientation relative to the device Thus) although
a library material Thayopinatipstagsiann ipfisuis 3gptvdearoiliums padrlrap FRBEHC onl v
when the bar Cxﬁﬂ@ﬁdlﬁbﬁétaé@ouﬂf&P%P_L%rr?R,sé {3 o afchatis@siplh&nb¥inichge scanner,
a book having an RFID tag or conbination tag nay be positioned with front
cover either upclhas Weinviighlixgoliasont are prevideds theropgrs te fmarpye the magnety a
abel with a SERIBRGLrnd HeS AR ALAARPLoIBEbR Ry BEAaQy ST convent i onal
optical and bar code systenms results 1 n considerable tinme savings for
patrons and library staff: The "read range"” may be different with different

scanners, tags, an e o] T2 N PR eV .2 read range
of approxinmately 1 hgtgér}ﬁ“r‘f%@ gﬁg'}?gﬁ Qﬁ'ﬁéﬁg@k\tﬁdh@gﬁgéb@éﬁqg?ﬂ%th(')o?\y. To
facilitate relbenbden theRnfonsac2nwhinlyis madevefimagheticallyrmmspolmivedmsériah lshatheo posi ti on
the RFTD tags for riQ itens at the sanme fixed positi.Qn Lve to an
edge of the it‘gtﬁgraiégrc" u)%;%‘pltog]? OHﬁ?rﬁﬁ(F%’ﬁrs&?)r?%’iﬁ odiwtgjﬁ dlle? fg%{jr {/b%gég% & i ght
all be positioned 2 inches above the bottom of the book. The benefits of
the inventive RFID device are nunerous and significant, and include having
only a single station at which to identify, resensitize, and desensitize
library materials, the elimnation of operator training on and performance
of different nmagnetization operations, increased processing speed due to
the reduction of orientation constraints present in bar-code only systens,
and decreased |likelihood of repetitive stress injury to operators. Another
benefit is that it is faster to scan RF)D tags than to read a bar code,

o Y 1 -,



-20 bar-code scanners. These and other benefits and advantages wl| be
apparent to one of skill in the art. B. Use of RFID Device with Miltiple
Items. Another benefit of an RFLD device is the ability to process multiple
itens at one time, as shown in Figure 10. \Wereas conventional devices

havi ng only optical bar code scanners cahl-process only a single irtem
presented to the bar code scanner at one tine, a group of itens having RFID
el ements nay Iy pe qqxhsd;&dhemsgmﬁdaﬁy-feﬂpcsisnwinhtameQ;uslmajJt nldyibs Stﬂ&}dvebﬁ achi eved
by having nulti nt er,r ogat.i.on ,sources ( nt ed n or on
Che devi ce.oretRared 0 figeLinth AOHEVF BASL HabE bas T Foemh P A MRV BOBEC et he

multiitemi deet lhcheO&t is@ot pHygodly tmctedmnﬁe iaRpak kirdiit @ dte dpdlemnas t he
tinme reqwredf Jlbrabq{eéstaf~ process nultiple itens. T avoid having

the device perfdiUhis BORsibast Floctis °°('J‘B'§?éft‘th)ﬁ‘P9lﬁa‘?‘°’i”§erR&'ﬁfi‘r“o‘BP‘?%te for one
or nore of a g&uRg B proREEs ilbhatisi (B 264 qq,@%ﬁﬁré,amfem zé%yt‘c%m efiferadapt ed
to provide a nessage to the user requesting that all mateéria of a certain
ki nd (books aﬁﬂ%gﬁi‘irfh‘é@"S"fecﬂ"at@K‘MPE)“@@"Q@“%@H@WCWMer fol |l oned by
all materials of another kind (video and audi o tapes, for exanple). The
RF1D reader can determine fromthe information obtained fromindividual

RFI D el ement s whetFigures hend&édpstiagsmbedimenainovhichimeorertitag on@dngenapPd wpri at el vy,
and can pronp S t ] ure 12. In
anot her enbod row d%tﬁéculc'ga{/{]%g&iencp E’@E(s)gﬁe)o %‘ngc ?%?X%?’ngeg‘s?eng medi a of
one type (boolcsmlamﬂ:onv@awbmmw ih BigurexiaimpdgeR)ed cirot B2 imelpaes dipeleanteanaf or

rocessi ng ne f .anot h Vi deo an audlo t for gxa le). The
Pt oper magnet Fac Tk SO en BT P BB 22 Ao BB BrespiieaT e Lo each
mat eri al . Thenﬂg\mczélynegpoadn&mammll udieanaenﬁﬁ(spbayxafb)afmactechfﬁ:ﬂgnengallhow many
itens bearing RFI17 tags. hav n presen proc SSi t he devi ce,
That is) thegﬁﬁﬁswggﬁgepa\/\gﬁﬁ’ﬁcggtﬂ'é%)'ﬁ"‘%f F%ﬁ’f”"é% BYS B%‘%)%% WPr esent ed
to the devi cerespaive plde of e e Siplvayin Figuterndi gﬁisaxchmaélectrttemecowwto for
exanple, five itens present. An optical or other detector could also be
used to veri f MEMAY 295 SRR ﬁﬁﬁ'i?é'?adﬁf’ TREIfHCa F@qnﬁﬁ%gﬁ‘ebaﬁéé’@nt so as to
alert the pat mann@(s) R3dnay e msddabf magheraually-tegponvivd Mabtial a0BRaRafidig ohad been
i nadvertently o |ngpﬁnti onal | é i ncl uged in the slack of other material s.
Optical det ecf'l??"se {ments afqsaalydesieneficl ude those described in U.S. Patent
Application Serial Nunber 09/058,585 (Bel ka et -21 al.), filed April 10)
1998 and entitled aratus and_Met hod for the tical Detection of
Miltiple Itens on Béﬂ%v aﬂé‘i"?ﬁ“‘”s\%ﬁhﬁﬁo'f‘g‘“aé'é"éfaéﬁé‘ﬁ’%?? BB EROFHRE 19f t he
Eres_ent ial’l\r/]entai'adbﬁthéﬁ@t&ﬁﬁ]ﬁ&iﬂﬁ;ﬁcuﬁﬁsl)\/\@b&hlohSrlhiaﬁ@t’fuBl@rabxe&arlﬁbﬂeﬁ%ﬁgﬁnCﬁ 1D
erein. er detect i nclude o based t he
reader can del™® 9?$8W¥%‘5$’ﬁ#’fﬂ% ¢ PSS RkA 'I’.%’Q? %?\ﬁ/ﬁ?séatll fght of

t he itemcsi) det &Qtt?ihxnéﬁﬂdugma?&w&t bélsy'ﬁaeét{bﬁ bﬁﬁlﬁs@n&léxgw @ldtof Ehfe bbdge mat gridal S
resented), or, the.nu r of magnetic ement s de as scr| ed in
UL S “Patent NGoMSIR! Racp permpraimay DS WhE Lot Bifks gt

I ncor por at ed ickh@k of 8¢ ,h@mrdaw lesCOARAKB SAM (0028 g, nunber of Items
detected by the RFID reader and the nunber detected by an optical or other
detector insures that the magnetic security el enents associated with

non- RFI D t agged i tEEcomibfatiita@d@Rad iNah6sh Myl HRQHvidedsn ioli gl s@atiei ng
charged out to a specific patron The device may process the itens after a

predet er m ned‘}}?&H’Bé’fatedﬁe‘i"%‘ﬁfsaHR&QFBO'b%féHd'YjF‘é‘é@ﬁ% ‘@(f"‘(“flqsvg his geRE SYsiGm 18

exanpl e), or aéstcﬂredam fORRRABIOPOTIRbLLMEESND NRODEMEER (R VAkRERYS the itens,

or automatically w thout any operator intervention A suitable display my
advi se the opbHaidyel %?g‘bt’lﬁ“?"dégss?'&t%é"%‘f suffages gpwhigh mavbe saereh®Y 2febodi nent
of the invent h%sz@@&b&ﬁas'a%r&ﬁﬁe ﬁpdnli\letaﬂhésﬂe)vﬁﬁ}l beVremBGed RN BB tolkhda package
or case having nultiple items inside) as shown in Figure 11 Por exanple, a
set of audi o tppiedberpgenswopags abrelpokorpat drindings iAdrage Sreatgl Bayd#se. To i nsure
that only tho

togetner |t neP LIy PonelBaR iiofbe e AobifeBE R, 418 SugPhRELO ERREr 1
t apes n~si de tddetectithe positieh afabricims tmqndrenmnlna spserh ofagalso peprmntitd ng the
materials to be checked out to a patron. The RF)D tag on the case may
include the information as to the contents of the case, or that information
may be stored in the LAV software and accessed through the identification
information obtained fromthe RFID tag. Devices having the ability to
process nmultiple materials further increases the speed with which mater
ials may be checked into and out of a library. The device nay be adapted to
transmt only a single signal to the LAV software systemto process
multiple itenms, and to receive only a single signal back fromthat software
in response.




-22 C. Portable RFID Devices For a nunber of applications, it is desirable
to provide a portable, preferably hand-held, RFID device. The hand-held

It FID device is capable of searching anong shelves, bins) piles and library
carts. It can essentially search wherever it can be positioned cl ose enough
to the itens. It is capable of identifyi-hg nultiple itens that are within
the range of the device. These and other features nake the inventive
portable RFID device a valuable library tool. For sinplicity, portable RFID
devices will be de d i,n.terns of ent s, and QP eratlon
and second in ter rrér%fncor{e}bd?ai"?)" Eag CEUENEd 49 e P%E%uhfrbq(j‘% ‘?g%rt’é)f ﬁ’&&’g"’&f ugi ng
such devi ces. thé proSeskiiporiban mheridloticbiaRatatdrial htWnCin RIFID g ofthis ipds

descri bed herein are equally applicable to non-portable RFI ?7 deyices) and
that the functqoahsbeatmﬂet'naw%maé@&?aﬁlévdp%twwlhﬁ"hwe}eﬁeé"teo ﬁ tabl e

RFI D devi ces ahferfalsduld duyonditibdlly®@ Rh@k&doup &y 4 plth@iaRpAtFand b GR§ herIdue
different functions_and net hods have nerely been grouped toget her with the

type of RFID d®V§ #eRkibtae eﬁq%&e%‘wﬁhwb%w&? RIEHAE PRUPRPRFSSHIPENBRRL hod. 1
Conponent s andyfited déidcAbh zohblanh andrdaelack RRMesI Y baforOk-chf2fs RE BEAFWithnvent i on

preferably includes an RTID reader and witer, memory , a power source, and
software to erfhomatenals. i Bigdagafibe inepngorpmay g aﬁ%é‘s‘"t‘fé%}‘ geagement aidh. The

RFI D reader/ Wrdn&li&s %ggr} gmfg%ﬂﬁtlr)s&dn%tft?alsgﬁﬁgg%j@ﬁck%%%age%aéﬁtsMﬁgn FllParfdeader

manuf act ured by nstrunents o Texas. Menory, preferably in
the form of a aowpeusly. Thesgendethsr Petuckedf llbymVClnlloneamnfﬂce)SCabé fperight toop”  or

handhel d conp | t fornia

under the des:-gge%r n?o\éﬁérlggtﬁxcﬁﬂ ?E@h ?Pﬂ-@f{neg% Stgﬁgtvg?rgﬁgéi %’gﬂﬁde an

oper ating systlkmy a touch-scr een di spI ay, sever al buttons for devel opi ng
user interfaces, a recharge station) a docking station to transfer data
bet ween the device and another conputer, one or nore ports to connect
peripherals to the Imanthehehtbddesnt,clee (sbohtiadageouRirdvidedaestituamarker bat t ery
power supply. I cIu her as a
bar - code scan r@?ﬁﬁqt%ﬂ%tﬁ t%% |§ar%net rcs\lpa g\ng)lkl%,t églb&hgﬁh R %neﬁ% fe?tH%Pu di ng
| i ghts) audi o afiitk tag bhdshnére@,ctwa@ezi adesativiet] aacbthmghhlmﬂncefra;uen@ resporiser  of

options for transferr ta between the ha e and anot her
processing sta "ralcﬁ""gA{h(ﬂg@Ea‘ﬁ 5P aatpf’mﬁ"%lf)f)oﬁévé‘{‘(rﬁ’lWté%{herﬁg ‘yaéa asetoéqhupl oad or
downl oad dat a, masorg botie RFID Elnngus@fsmdwedﬁhatshmtr\tmd besnappropgately rbcesseat),
exanple, to upload itemidentification information prior to performng a
search to -23 find those specific itens. Another exanple would be to
downl oad data fol | Qi Rdlo®ing Bikhragied providd stiil fiesr 1mahadba\a€td3[®e{hgklﬁsed i t hi n
the library. The be i npl enent ed _as ki ng station (as

il lustrated); E"sc'ﬁbc{%l'?eé‘fsé’gg‘eé'tvcﬂtﬁldgffr’g‘&f\/\'hlsﬁcéan gngéi%‘?’ upl oad; as a wirel ess
or cabled) real-time |ink between the hand-hel d devi ce and anot her
processor, or in _any other manner suitable for transferring such data. One
such exanpl e i%‘—gﬁgp%\?trunﬂ4 wi rel ess LAN system from Synbol Technol ogi es
of Holtsville) NewAYeynibinaforshgWas hadetn hdeerdie alimiestesahd ifvenfi®iA e users to
Wi rel essiy conmuni cate bet Weer}'tonobl | e deV| ces and | ocal area networks. For

this oper ati orPermaliey stpiprodugsditionyan alloy gusilable fram the Ceatpgater,Technelemi cat i on
conponent to Wﬁonﬂfﬁl@io‘ﬂﬁspﬁfﬁ%ﬂla%@ér% deﬁﬁﬁhorﬁﬁ{ymﬁwl\wﬁa%%QO

Wreless LAN PC Card. The user interface for t devi'ce is desi gned both to

communi cat e t HetesfixturamyniagweaddniSinglesHvp $xstems (& )tofh SanRiego.tGalifrier Theat a.
Entering data kaﬁ&%&’%r&%ét&?'t 'Egmh ?@62@‘??[)‘\9& WW@&4‘4@:¥1 '(G’U@ nfiffck By modes
and entering data specific to a for exanple, to check out an 1tem or
to i~ut an |te1r9r’&W"h@l1@)'°‘]Be€(hbé&§kﬁ7ﬂ'éfetcﬁélst9§Qfa$t§1dptde?f(é9r?a6$ (FHzepesed
through a combiRadcledRo gttmutaqe fmgttév&ewagdétgq%@s% e updi &bt Plody2 4BY
either be integrated into the unit or separate en separate, it can be
desi gned in vaﬂgﬂeﬁéd sieang enqusbtmmwg agypical S%&F@bbkthe&%‘wwdglﬁm can be
easily viewed 1 he

hand- hel d RFI [59%2{‘/? aéﬁﬁg{eg'gﬁf\’% IJ&O%HJ"%E' ﬂﬁehg P{)f EE%%% @?’i |tvs]:prow ded in
whi ch t he RFI Decepanpeportiansé theidaties. flé;m,reqmugnhessmndtré SCannenmawitipthecessor)
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 nunber of real-tinme fianctions of the type descri bed bel ow can be
achieved, in contrast to systens in which the RFID device 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- hel d RFI 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



-?4 when connected to the docking station to upload and/or downl oad
information, as shown in Figure 14 A hand-held RFID device can interrogate
and identify RFID-tagged itenms whenever it is activated within range of the
itens. Intermttent activation can be provided by, for exanple, a trigger
associated with the device, so that the-¥apsed tine for which power is
required for the RFID device is mnimzed. The reading distance is a
function of nprototfpeeeowatlpy iuienna, helkiR dluedhated abappoexdineenthe Saranfieldt 5

centinmeters (6 _and 18.i nches iV current technol o and the likel
f requenci es f’ﬁ"e\ﬂﬁg’c“f?“pm"%ﬁg%‘é‘%ﬁﬁ@ﬂ‘?p&r%'%f’g‘thgmeor‘iyp§0?r)é appl i cati ons, yi t may
be desirable to restrict the operating range of the device so that it only
interrogates RFID tags associated with itens at a closer range. In other
cases, the IoE;é@é!ﬂe—ﬁ!g%i | abl e range of operation will be desired. In other
?Em ! Cag! ons) it F'i@ix%‘e Pﬂluﬂfaf?{s%lhétﬁ& e%odiiﬁxt%ﬁtrdfﬁﬁ art&}Ba Qfd% i_BH&lie]?MEfEﬂg\ﬂﬂ% H‘US

e readi ng range) to perm onger continuous operation fromthe batter
pack. The ?ea@-gfaﬁ@é 1P| desigrs oAty 'Sffﬁqqen@’néé@iw}ip@{)Wﬁmméfpfﬁﬁ'&edantenn)e/l
as vel | as { O tbAl g toleleRoid fofl dhighetid dof HRn A08ERNGY, |1

hat t A wel ght ,

shoul d be apprecrated t read range, batte and lifetinme

bet ween bat t eeither yctiehinpe(ghysicalras ghemieabe die caities, of d@nsid@p&v@em mesk. d4eh ot her .
Various trade &an LNVIiSi O e ; ' - cation
for the devi cge}m@ h %‘ge grtn?gsn%f%ée %g?%riv%%?oa%@&nﬁééeﬂg hcﬁmg'teegpt%ﬂ%'gg%%&glsﬁgnd- hel d
devi ce is obt thisrdesign. rBavevienthe mdugediaogtio nf thesganediillicgleanents irethistgbemetdyas been
scanned by th | hat, i t he hand-hel d _device .obt ai,ng information
fromthe RFI Tgsg?(é g%(g}'_‘ée?l%ﬁeoﬁqe m'l ¢ |['§tseeclu9tyd)|°§'§f]é)§/&f Hg 5 r%? glremat ion, or

i medi at el y demsipdayent shoharnmBigier’, Suxorodettion elamentd previbeaind theadocheddiavece t hat i s
related to thg ta Ltem This is in contrast. to.devices.th st be
docked wi th ol ERendp L Ssamnren i ans e ari infighugt by

i nformati on bEgmesd wdidd, prefdralyridciudea cgracine adpreyibiiyatdsdribed toheneuber . The
hand- hel d device tof rthuemFr qilsent i nven}li on c.gn .al so ge ﬁocked or can

ot herwi se confRFAIHRE figavgPY OTNE anienna o the,brescfibed intefrapalion fIeqUEY) | o5 ar e
desired 2 Functions. Methods, and Applications. The hand-hel d RF)D device
of the present inv rét' on lga_?‘bemused for a bn&mbg( of Iunctié)nsu r&‘?&thds’
and applications) IETHAFRGENY WOPeB0G fgenbed nd8s eRmeieWEh R Aahdhel d
|t FI D devi ce thashpandrisdesl dknamgrefnudnnadsr nadioificguntyas@graed ciréuis, sskanpl e, the

devi ce could pe praogranmmed with specific .infor ign identifyvin ertain
items that anEeocﬁlgSF g%’é? chrasteagie & e&cﬂf’é’[“é.“ %H‘é‘emﬁ?ﬂ%@wﬁa@ﬂ% ?fiﬂé? e"grg(?:leeach
desi red item woulll furbgorsidegentkly in sechrag@applicetbnenory | ocation in the handhel d
conputer. As the identifiers of, for exanple, itens on a sl5elve were read
by the RF reader, each would be conpared) using standard software routines

known to those skiTHeathbodimkine ofitht prevdnt fvénnen Hésaibedbelow enm ust etherd tagh  menory
When a match pccurred evice would then creat.e ope oy nmore.visual,
audi o, tactil a,v"‘(grongftali?é{ﬁéiegﬁ’ﬁptsmi% |"3’5?}'Wbta¥"ri?8&&tf ggxgﬁgree %fcm?ﬁdgabﬂeem One

application for this function includes locating itens that are believed to

be m ssi ng. library typically maintains a list of mssing itens - those
i tens that aﬁg—ﬁﬁﬁ@mh&é—gﬁm%ry, but cannot be found. By
downl oadi ng those mssing itemidentifiers to the hand-held device, the
operator can pass, the %\{b%%wbgw%ens and. obt ai n feedback when a m ssing

itemis encount er%el c Magnetic Capabilities.

Because RFID tags may be shielded either intentionally or unintentionally by a

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

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



Anot her example is to |locate itens that have not circul ated or been used
within a given nunber of nonths. Again, the identifiers of those itens

coul d be downl oaded to the hand-hel d device for searching. Alternatively,
the circulation counts can be naintained directly on the nenory of the RFID
tag. In this case, the hand-hel d device ddes not need to downl oad any data
from anot her conputer system The hand-hel d device only conpares RFID
menory data t oasdwpkbindsmagekings,ibubeandavmidrpioafiede on fregreteatlk- thgfdﬁhe\e@mer at or

based on the s t

ei t her downl oag‘éed'gI{ér?‘g‘r'neolg}E %‘gtg &'thA QQQEE ¢ thalm% g l\%ﬁ sH%ean'q%% I?'fé@ﬂ'é{. ned
directly from tvhl@oulRErI)ancﬂngmest Iiychbdaqcmfémemlerss inthe library that have not
been checked in. Alist of itens not checked-in could be obtained and then
downl oaded to the hand-held device or the RFID tag could maintain a nenory
| ocation to indi casahbweindigeds, iah RFIAUelscedd eqaipped @Neadiennatibefrbiitlad t ag
menory i ndi cat t he check-in status, the hand-gel d deyv|ce ot need
any data from RRI518 OGP ARjteg SHChRs 3 Payrep é‘fP%&rrf’T‘%geréﬁaé?r@ch f’ﬁ@%’ I}F
application of inflphatidniredd front G RFID m@t.@lmsrﬁ&tmguat%ﬁ@mnteJI@tyBEInEagha@ isto

| ocate itens that bel OW? to dlfr erent library, buildings or to different
library systen®ntsopties, forgsyps! @a‘t"’f"&hca”tqﬁése@\mﬂ“ﬁ‘geI‘lietﬂ’%l’reysq $IPENEf er abl y
encoded onto thgcdh ﬁtB@&nﬁnﬂmetmﬂDm%ﬂ& Ibakdieqfdﬁ,\se&@nﬁlhemc% dubreasQRer at or
when an RFID tag with a ~'erent owni ngﬁ brary code is encountered. The
hand- hel d RFI Do, d@&"ﬁb‘@l%@'%‘bﬁi’%’@!%‘d"% aetsveuow thieteaurity dlement goripe Af t he
RFLD devi ce deggibhtéh MY fhe RS UARL: lds WERERS 1, Be Rviselantidfoéh 3t ed
itens are present toget , as wth the tapes in a books-on-tape case. The
|t FI D devi ce orﬁemtﬁeatwmerzfermatwmm@momntecmmd sefivee providedll alibrareri fy t he
order of mater] I QACr oss
one or nore roé‘vgélﬁ?gﬂ Va]d%p%h'%évdem\;{\ céaPmﬂﬁm&% c?'?éédﬁignds% P?\’gégﬁ?ég’é to the
oper at or) whi cére ‘'Penig” whigh isavailgbie fremdAraritach bibcary Sewicesafdeavo, Wigh,i ‘|€|@dt t he
devi ce has accgss t. I [ fwor the
section being @?ar‘l%g J]%aizarsﬂﬁbf%gp%ﬁﬂd% 4??72'12'% ﬁﬁﬁgﬁ Chle&?ad a%em mal order,

Li brary of Conghidss amHhiefromrﬁllAAwfﬁoiohnaQ\ﬂnsmm/ Title order Ccher met hods
of sorting, as determ ned by each |ibrary, are possible Another method of
establislung shelf information is to associate each itemw th a | ocation.
Shel f | ocati ons carThee ansa mpdmi 6fi veaysto ta;msrgiemerirxfbmasiom biﬁaihddlfroargnm res.

For exanpl e, r h ocatl cI ude 11 " Adul n
titles." A m)f&é‘g g‘;;;‘g‘ciif" VSsy§ Y)Vglél |"3/rrpvgfs"ﬁtﬂ m%d‘uﬂmpll—clme I"%h“)"*‘%ﬁor s AA
- AB" In the &amfaedlnmlclmrg@d’dmmrmﬂsm h&ncﬁhewbulﬂmwatvlemmné oreleatronit devides
encoded directly in the in ystem
a8l 5o be. usErds Eade Rl L R et s s et o
indicate a shelbai‘cddesahnannTthoandexbaméchqueberemcﬂbmowﬁtcmhodedldﬂemneheemt Adul t

Fiction, the I epresen il g Fict d so on. The
alrmulnt of rn::rrt)nﬂ}]'gEj ﬁ@gg&&qﬁeﬁgb@%v%ﬁ %'I]IE‘%/%&@&"[C% ?{gonagggﬁwgt?o&ﬁ t he nunber
of | ocations wothérly ;ﬁrfbmbﬂay ¥n odmmttiaebodemﬁﬁﬁr eetiich mSy éranaybedontiddeeo desi r ed

shel f |l ocation fro rary ase and then do oad. t hgsge, | ocati ons as
part of rhe ¢ rsRbMhedbnce 150 RBHGHI erIaI e St NS ELA s ar o

associ ated W t dpfitvafeigdtém irdRtdsAnd 1inglh wn@renjmgm a@b@d\/tﬁnctxbﬁhﬁtmer ator can
use the hand-held device to |ocate itens that are in the wong | ocation.

Two processi nofeHiienBipyidedby %@Dl}é%oWéy dée BFIR WW‘IFW%H@‘P‘FW PYih i s

currently bei ngod esdpeardwitiinQ@kid@ig LoV §awamy§t% d‘isbl%??o Mhiille R&badiBbC i Ng
| ocations. In one enbodi nent, the correct shélf location is obtained by

readi ng sever aibe pparatps. tQuionaliycp dienkayi a6 othay fF‘iﬁbﬁkdE%%’I'% map ke ipgludedip i nfer a
| ocation. For tﬁéﬁ?‘ﬁi@ewdeas&rﬁﬁteg': Atdd T ag@gé ce reads a certain nunber of tags
that are indexed to the Adult cti on rea, the device can be progranmmed to
alert the user when non-Adult Fiction itens are encountered. In - 27

anot her enbodi nent es or

ot her locations to gws?ceeg‘r]%ﬁg(yx e%@ Séagga?tgh&)%%dgﬂg}ag&]ﬂ}u%gﬁ e?aggéé by the
hand- hel d devisheuld be abicliodmndie lithay nstdrials cageett with Btags, cradcodh babels] obbdtbng t o
that | ocation and an alert is provided when a m smatch occurs. |In another
enbodi nent, the hand-held RFID device may be used to enter data into the
device as to a specific item That information nay be either transmtted

i medi ately and directly to the LAV software, or nay be transmtted
subsequent|ly when the hand-held device is reconnected to a docking station
and downl oads the information to the LAV software. For exanple, when a user
takes a library material fromits |ocation, the user may input the new
status of the article into the hand-held RFID



devi ce. Because this information 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 nent, the hand-held
device could be used to provide additi oh% information about a specific
item once thi item, ha been o lgéil ned and |‘£@s REI D tag sca nedﬁg the RFID
devi ce For exafpfraton | F&Y'SF WQuld progessandtsm for ehepksindy jscanaing been used

in the |ibraryg adafkoss dNbdthaewieViRd BE itéth ReMiffchh cbde B! FefRraBR! Be medi@r mat i on
about that material (who |ast checked it out; how often has it been used)

or to provi deYRefFam aag ordathees theseiags pdanassinghis dormauancen ttha kAY i cal profil es
of library nmafghals gét' SR9Phenhe &QEchlI bBi%h sytelPdnd aﬁ%gﬁlc%l fah€odkZF | 17
tags of the itens as they are collecte romthe ‘vari ous | tions in the
library at wcoingisesperngheedeyice thay Ambettecﬂstoarwedﬁiﬂ)e@‘gsé@)mmmeth@mw or can
al so indicat col al | st

of locati ons%a} E(E)({C&Y\’g?{teth% Q@S %)&ee\g&lla/%esc%nrne& %ﬁ& ﬁlgn RX ld%ﬁ 11%9 érrlg l]éelc_‘?(%]

that is assomssxcmuhdmﬁlhhatthrtehuﬁanahpendmg amsysxmm::sigrpmmmryndneo affrxed to or

near that |ocati ra gbt ai n

addi tional i n(fe(%f’(r%ﬁ? P%‘ﬁ> 1&5%‘3%5 oge wf’i{’ Pﬁ'&r ‘ch ﬁ)?s g‘u‘iﬁ yﬁﬁ?’é‘{&a s were used.
Al ter nati vel yselettkd infeemsiidayedried frolehd LAV asivare §sieiniralbtiveltadacmedia aTizook

cart, for ex e vice could make a single pass by the
items on thealgﬁbttb% “fde‘@fﬂnlbe ﬁpﬁ!é% é‘“?“unctl ons described in this paragraph
are referred to herein as "sweeping -28 The benefits of a hand-held

RFI D devi ce are us) . and include the abili to |ocate itens nore
qui ckly and accu&g‘g&g@)i‘% ?B‘G PEeSEt @éﬂﬁ“ﬂ'@lp’égﬁifyé‘%Ipe'ﬁ?fmﬁeﬁm‘lﬂ title from

items, the abbiehwz.ﬁgnandg@ienﬁmfga)ftﬁe%agﬁeskrs&qniyteﬁ:meﬂtulaﬁwhyd @NBrdyen exam ne
itenms nore ciosely to locate itemof interest) the ability io quickly

i dentify it erfBateRptse Whig the drvise Fradsdpe %lec‘lab?@r‘Faés'("FsdEQ ideptificalifecked out,

mat chi ng SpeGhfohfatioh iCthe RANORAVMUBE L ATLBANare @iFbelfiSraRinkd {ofedpBnd deNt fy
itens that are ms-shelved and indicate, to the operator, the correct

| ocation for Witeanipdigasion ghihe type of frarmeriadd witharhichtheaRFIRIAL 15 p0FBEY i n t he

col  ection berpg 1:028mre felpals »aﬁ\VaﬁMd?&lﬁ&x thiGhdxdgaeli el ik gwezmlog ent er
transactions directly into the hand-held unit when itepns are | ocated, the

ability to |J@hWP'F‘§/aa??°‘P'ﬂzé¢rP\RHCHBUP" PREVAIRY ixredrEdmagneiicalltsadrdest any ot her
mar ki ngs on th&id, b%mall)?l&ﬁéh 188 dkte RAT actiVdid bty BB Syse] nhazryéﬁ‘gﬁss thaand the

ability to determne_i iven itemis sonewhere on shelf, aon a library
can, in a bi rePesHon Koasrample, ahelAY oflvass l“é'catmb%éheéfﬂl)d?&érassﬁﬁ%‘ﬁ‘ﬁt ages

will be appargef aJ&deh?%golpgn§Jﬁkt the Ho'ak A6 bebieciled ot:hf*‘y 1l RlqISigPReBAed

hereto, persons of ordinary skill wll recognize that the itens recited
coul d be |i brthgnongmagpgtightion(sysien wal bepchhresddy derstivaprine giagneticglgmeti ¢ or

optical medi aass&ﬂ%dtvn@ tluhlseak I%W&QU’fqlquﬂx@EJP?ar&QMIéttﬁg HRFED A&

materials such as packa ters, paintin el ectroni c devi ces,
ani mal s, aut cﬁsmmeéswnhm \@@e@n@@) fomxamn*y therhadi erﬁlémgmtlzvaqnwéstem maphe \\

claim I . /;agwa&ai%%ed%ﬂdi)e [HERAEReri€ IRty BleREn AR BEEPWIALGE (B8PhLR . an

antenna, and a_ T . _
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.



processor, wherein the operating range of the reader is restricted so that
the reader only interrogates RFID tags that are at a closer range than in
t he absence of the restriction, wherein the operating range of the reader
is restricted by restricting the output power of the RFID reader, and

wherein the RFID reader is tethered to a-l|Jower source. 2. A portable RFID
reader conprising an 1ZFID interrogator, an antenna, and a processor,

wher ei n t he oper at i Prgferahtygsififient informaiad eray bs stores irr the medloy@f tHeRFIDhag r eader

only interrogat Fl.D.ta hat are closer r e.t han i.n, .t he absence
of the restrictf ifr%&\/\??éptgg “ﬁﬁ'és%k?éf‘a% tr?’ﬁ??g@‘abiﬂ?‘frﬁg" ég(ll}grh}\t’s restricted
by restricti ngsdftveargahdedn imseeae invele thdwpphdphible imagrteization Bybtenhdireeilyn Thie RFI D

reader further &gﬁr‘lses gl.ﬁ(ri er for mt@rmttgnt ac ivation of the RFID
reader. 3. A p&P ent pepld I OVE YT RSTIgMAe: F‘Pabsen AV ErSteay A Srauir

antenna, and atgreash@hGsme rMErmmmtnhﬂn@nwmm@g §hd0dStond a inbMa fypatahe | S

restricted so that t e reade o i nt errogat es IDtags that are at a
cl oser range tASROVP fl};élFa{Bse couidas notedrappyeipplude gadiienalintorpatioler at i ng
range of the rqm%rpebspaaee%&mg %ﬁ&lnhxnmfombsék'tagd&t%sp Pfe sopRE of the

RFI D reader, and vwherein t | D reader verifies the order of materials on
a shel f. 4. ThBFBBﬁQV&lSJ'éfqﬁFquQl‘PbﬁeléPS'vPP@!"all ireel timeérei n the order of
materials on the shelf is based on a shelving algorithm 5 . The portable
1ZFI D reader as in any of clainms 1-3, wherein the RFID reader further
conprises a user inheadvantegedian REBhdavise sicheas thatdesaibad isghaoft mse acashi amd and

permts a user p;ogesg REGE wﬁll@f'e?s de@éngentcpgn ﬁ'e: L Qngn?a%gﬁ Felative 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 caiefully aligning a label with a scanner. This advantage of RFID
systems over conventional optical and bar code systems results in considerable time
savings for patrons and library staff. The “read range” may be different with different
scanners, tags, and other components, but it is believed that a read range of
approximately 15 centimeters (6 inches) would be satisfactory. To facilitate reliable
RFID scanning, however, it may be desirable to position the RFID tags for various items
at the same fixed position relative to an edge of the item. For example, RFID tags
provided on library books might all be positioned 2 inches above the bottom of the
book.

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

is a low cost one because RFID readers are expected to cost less than high-performance
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library staff to process multxple 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
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may mclude ones based on welg t (in which the RFID reader can determine from the
RFID tag or the LAV software the weight of the items detected, and compare it to the
actual weight of the materials presented), or the number of magnetic elements detected
(as described in U.S. Patent No. 5,260,690 (Mann et al.), the contents of which is
incorporated by reference herein). Comparison of the number of items detected by the
RFID reader and the number detected by an optical or other detector insures that the
magnetic security elements associated with non-RFID tagged items are not deactivated
without the item also being charged out to a specific patron The device may process
the items after a predetermined number of items have been presented (five items, for
example), or after an operator instructs the device to process the items, or automatically

without any operator intervention A suitable display may advise the operator as to the

status of the operation,

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 10 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.
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C. Portable RFID Devices

For a number of applications, it is desirable to provide a portable, preferably
hand-held, RFID device. The hand-held RFID device is capable of searching among
shelves, bins, piles and library carts. It can essentially search wherever it can be
positioned close enough 1o the items. It is capable of identifying multiple items that are
within the range of the device. These and other features make the inventive portable
RFID device a valuable library tool. For simplicity, portable RFID devices will be
described first in terms of their components and operation, and second in terms of
various useful functions for or methods of using such devices. It is important to note
that the functions or methods described herein are equally applicable to non-portable
RFID devices, and that the functions or methods described above in reference to non-
portable RFID devices are similarly applicable to portable RFID devices. The different
functions and methods have merely been grouped together with the type of RFID device

more often used to perform that function or method.

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

present invention preferably includes an RFID reader and writer, memory , a power
source, and software to enable various functions of the types described herein. The
RFID reader/writer could consist of a Commander 320 13.56 MHz RFID reader,
manufactured by Texas Instruments of Dallas, Texas. Memory, preferably in the form of
a computer, may be provided by, for example, a “palm-top” or handheld computer
available from 3Com Company of Santa Clara, California under the designation Paim
Pilot. The portable computer may include an operating system, a touch-screen display,
several buttons for developing user interfaces, a recharge station, a docking station to
transfer data between the device and another computer, one or more ports to connect
peripherals to the hand-held device (such as an RFID reader) and a battery power
supply. Some units may also include a built-in peripheral such as a bar-code scanner. It

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

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

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

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

The user interface for the device is designed both to communicate the status of
searching and to allow the user to enter data. Entering data may include switching the
device among various search modes and entering data specific to a task (for example, to
check out an item, or to put an item on hold) Feedback to the user is preferably
provided through a combination of sound, lights and a display. The display may either
be integrated into the 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 singie integrated unit, as
shown in Figure 13. By using a hand-held computer such as the Palm Pilot described
above, a number of real-time functions of the type described below can be achieved, in
contrast to systems in which the RFID device must interact with a separate computer,
database, software system, and the like The sofiware can also provide either limited or
full-range capabilities for supporting functions of the type described herein, as desired.
The hand-held RFID device also preferably includes an integral power source, although
it can be tethered to a larger power source of the type that might be worn around a
user’s waist. In the case of an integral power source, the source may or may not power
the processor, and may be recharged when connected to a docking station. When a

hand-held computer is used, it may include its own power source, and may be recharged
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when connected to the docking station to upload and/or download information, as

shown in Figure 14

A hand-held RFID device can interrogate and identify RFID-tagged items
whenever it 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 and 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 locate items that belong to different library
buildings or to different library systems. For this application, the owning library is
preferably encoded onto the RFID tag and the hand-held device alerts the operator when
an RFID tag with a different owning library code is encountered. The hand-held RFID
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whether all members of a set of associated items are present together, as with the tapes

in a books-on-tape case.

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

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

Another method of establishing shelf information is to associate each item with a
location. Shelf locations can be as specific or as general as the library desires. For
example, a general shelf location might include 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 location
from a library database and then download those locations as part of the transfer of data

to the hand-held device.

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

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

to be searched. These location tags are first 1ead 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 sofiware. For example, when a user takes a library material from its
Jocation, the user may input the new status of the article into the hand-held RFID
device. Because this information must be entered into the LAV software eventually, it
saves the operator time to be able to indicate this state directly and immediately as

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

In yet another embodiment, the hand-held device could be used to provide
additional information about a specific item once the item has been obtained and its
RFID tag scanned by the RFID device For example, library staff may collect materials
that have been used in the library, and scan those materials either to obtain more
information about that material (who last checked it out; how often has it been used) or
to provide information to a database that generates statistical profiles of library 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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The benefits of a hand-held RFID device are numerous, and include the ability to

locate items more quickly and accurately compared to reading each call number or title

from items, the ability to “get close” to desired item quickly and then examine items

more closely to locate item of interest, the ability to quickly identify items matching a

given set of criteria (lost, not checked out, matching specific circulation values, etc.),

and the ability to identify items that are mis-shelved and indicate, to the operator, the

correct location for the items. This would include items that don’t belong in the

collection being scanned. Other advantages include the ability to enter transactions

directly into the hand-held unit when items are located, the ability to identify an item

without having to scan a bar code or any other markings on the item, such as author,

title and call number, and the ability 1o determine if a given item is somewhere on a

shelf, on a library can, in a bin, on a table or even in a pile. Thése 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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processor, wherein the operating range of the reader is restricted so that the reader only
interrogates RFID tags that are at a closer range than in the absence of the restriction, wherein
the operating range of the reader is restricted by restricting the output power of the RFID

reader, and wherein the RFID reader is tethered to a power source.

2. A portable RFID reader comprising an RFID interrogator, an antenna, and a
processor, wherein the operating range of the reader is restricted so that the reader only
interrogates RFID tags that are at a closer range than in the absence of the restriction, wherein
the operating range of the reader is restricted by restricting the output power of the RFID
reader, and wherein the RFID reader further comprises a trigger for intermittent activation of

the RFID reader.

3. A portable RFID reader comprising an RFID interrogator, an antenna, and a
processor, wherein the operating range of the reader is restricted so that the reader only
interrogates RFID tags that are at a closer range than in the absence of the restriction, wherein
the operating range of the reader is restricted by restricting the output power of the RFID

reader, and wherein the RFID reader verifies the order of materials on a shelf.

4. The portable RFID reader of claim 3, wherein the order of materials on the

shelf is based on a shelving algorithm.

5. The portable RFID reader as in any of claims 1-3, wherein the RFID reader
further comprises a user interface that communicates the status of searching and permits a user

to enter data into the RFID reader.



