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APPL| CATI ON FOR A RADI O FREQUENCY | DENTI FI CATI ON SYSTEM | NCORRGRATIBORNEY
REFERENCE ' S This patent application clains priority fromU. S. application
serial nunbery@9diioife 687, filed August 14, 1998 with the sane plrhlsde 1 ¥8i ch
was assigned to the assignee of the present i-twention, and the contents of
which is incorporated by reference herein. 10 TECHNI CAL FI ELD The i nvention
relates to applications for raERrRIdAERYRTFORIARADIO FREQUENEGY D) systens,
and particularly to the use of such systens in |ibraries. BACKGROUND OF THE
| NVENTI ON 15 El ectronic article surhBENTHACATIONSYSTEMt ens det ect t he
presence of small electronic devices placed an or in an article or carried
by a person of interest, and are often used in retail or library
environnents to GSCORPORATION Bt REFERB@Ehori zed renoval of articles.
These devices, which are commonly known as .ta_([:;S or markers, have in the

past contaPned only i ARigPatent applicatiny daimg PrivetpiremdSeanplication seap numbes
information 20 c i : i j i ag,
el ther i nt or i t ¢ Gory 05y TEFANEE: 1, SRTHIARE Ghhy bub ML DaPldled LD,
systenms have evohssigheovBthetpheseptaaventiobamddhocorens bfiwkich itiecorpgmteddy was
carried out: magnetic, ,nmagnetonechanical, radio frequency (RF), and

m crowave. OF t h&&repesiiereilagneti ¢ systens have provided the highest |evel
of security in nost applications. Magnetic tags are easily hidden in or on
25 an object, difficult to detect (because they are | ess susceptible to
shi el di ng,10bendi FECIBYICAIy BBl e), and easy to deactivate and reactivate,

t her eby providing a high.deqgree of security and some.infornmation r.e ing
the stat s of the tagdlrmpeiey e esngbeateRer B chaERhiRan s SR,
nore than just &Y, aid patadsriyt MBUSCHr Jush Byse&Rdlin-libMiRY. al so want to
know whi ch tagged object 1s present, for exanple. Detailed information
regardi ng the characteristics of objects, such as their date of

manuf act ure, i nvBACKGROTBD OF @Y IIbiN e general ly been conmuni cat ed

oL R e, 2| O SAI Bl BG4l B B o S4B

i nexpensive and gfck@siié Yicdspeacedoh ©Rin HAdricle @ ciryied @grhfpaﬁoﬁer_hﬁérest, and are
limtations. Bar codes nust be visible, ich limts the |ocations In which

they may be pl acefien ued inegtaibedisanypavisanments wedesergbeft erpthesjunputhorized removal

accidentally or [ LO . I « 1
bar code is al soOg%@g}g%‘a?ﬁévsé}ﬁf/wg%gl“{h%ee%%mh é‘%“n&;eﬁggﬂ%é%g& ﬁ%&%ﬁqg‘?ﬁ’emg
appropri ately popadticonteided only defoeritianregdiiing thdpeseise obar itandFhisdnforabtian
exposed tqQ permt ection, the barcode is susceptible to.danage that can
result i ngget ect F%‘ﬂsi’ﬁphﬁi“ég by E%f’PS}'Fa]gﬁ'I“fqriﬂgé‘”i‘& aﬂrﬁ%ﬁ“b‘&“ﬁ‘?‘%ﬁ@é&‘é‘d one
at a tine. Thesec&qnﬁaﬁsg*nmeait O diARELPYSSEERS @?s%féhﬂ khe@euaﬂeébo&t}h%&r

rs,
inefficient for some applications, such as marking library media. 10 re
recently, el ectr based ondiewtthisiintatrogatiohabscakiedvaut asagnatié, magnetguenakanical, radio

identificati RFI D hnj h I dt d th
| mitations of ofensiey ARES BLEIT R, OLRERIOR, el H8alS Here Rt e,
obj ect. i dent | i Cpighoit IRl feaidy N8 mcBtippHERicHe! MighBic lafls % QIR 1AdAh Ebn

security because most RFID systéms 15 operate in frequency ranges (~ 1
and above)25i n whie hbjettedifiagylito dstest (bgcateé they etk leThsseaptibleite yhidigting; ioending,

associated with radi o frequenc ags arises, because, th can..be "“shi el ded"
by, for oxanpl 6, OUERHI HIERlS WRevae FRAGIARE Ry R AeRE o et feetée or
placing the tag k&uaAtpaRksomeanfobRbii®l dpRaeItRe stafdiopitetBepégnritld ags may be
bl ocked, al though their range is superior and bl ocki ng woul d be nore

difficult Thus, objects 20 tagged with an RFID tag may escape defection,

either inadvertently R&an'y'?xtseergtofﬁﬁ%l slygtems desire to know more than just whether a tagged

30 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

automated handling and control systems through an optical bar code. While
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This greatly reduces their effectiveness as security devices. RFID nmarkers
are also related to "smart cards " BoOth contact and cont acths% IstBarzuggg:ards
have appeared in commercial applications. Smart cards tend to De assocl at ed
Wth a specybigfigipy son rather than with a tagged object. |ssygsydsghadsed to
the security and tracking of the smart 25 ca-d (or of the person carrying
it) are simlar to those discussed above for RFID markers. The security

| ssues associ atigd %§i%ﬂﬁ@fé€ﬁ%‘,%§o§\f&l B Boli@bystéin hAOS&RtalBithidtdhs { BapnyoNE
skilled in the artp of radio frequency- and m crowave-based LAS tags. 30
Subst anti al ef fcodes mas beessiblexpkicldichiisrthatdacetnpssn whichahreymay be pedd, and bai es
of radio frequengy- and .m crqwave-based EAS tags. .Howevey, ne has .
substantial Iy i RAFERAEFEEER %@Vfﬁwﬁﬁ&%@n@g@riﬂetﬁmt%@y- dherangs iaphichs,
5,517,195 (Har | QWcRir c@h sdnse idMHat k68k ilé%k@lcoﬁ{ QHHGQgXWEﬁ.ST_E@gaWJdQ may also
Deactivation Coil," describes a dual frequency 3 F~1~~3W 05/ 10112
-3 PCTI US®9/ 178Bte tn by appacmriaABpositondddor detettinde AAlsm bacausabar codescare pftbmvi ng
a diode, and a deactivati Oﬂ (ii rcuiéﬂ.e Theddeacti v li on ci rcuiht res%o ds to a
| ow energy al t SFRAFAYPHIThETERIN; the baprode HAISSERHDLS 10 Jraghthpt fap FSulfiBde of

the antenna ci Ifgictios failafest Ladty® @xlﬂ{clﬁ?lkh@nﬁixﬁlﬁ?bélﬁﬂ)lchﬁ% 8nd ﬁrhrlfﬂrl]e.tgl%séby
Pp e

deactivating the tag. Al though useful for sone applications,

capaci t or - basedonsitpinth stbarsede systatay make denmaindesitapld erakeflicigot for sethe char ge
over time, whi chgﬁ\ovl d cause th&{.t cé)to be(gorre activated unintentionally.
Radi o frequencyPEAS PRYSUGHAYRE ‘&&53' THYSBFY8ed in U S. Patent No. 4,74S, 401
(Monteaniet al.) include a magnetic el enent. The nagnetic elenent alters
the tuning of 10 the tag when it has been suitably magnetized by an
accessory devi ce, afdoreiecanty, dheasesinge idprtificatipn (#lsackneayrcas radio fisasencyf t he
tag. Although t ' tei L i 0, NQtL.. addr.ess
the i ssues of é@%&ﬁéé‘ S%Jm)iecgﬁc’?h?}ﬂg%%bfele?:g%{\fe(])&ﬁ)%%z%g?a()re%srtg%lﬁ%qg%:&l/ons(%f

i denti fi cati on opdcdiatoodys. RFSDBeaemd dyed apeskdby improvidings objdct dehtificutipanngés,

i ncl udi ng Mot or ol E/I dala (see U, S. Patggg{. Nunbers. 5, 378, 88 nd

S, 565, 846), TeXdREKINESIU GHIRICISNS MEPrOVI§IngRiedt SequiRHRFCaUSS mOs) S¥Hems

S, 541, 6043, M lgneptdRiftdqRencyaah ce@[;dpmi gnd aHdVe) & v@hblpth%%é §r6§sil(g§ﬁ?ea%d5-
Pat ent Nunbers E 442, SO%; 4, 796% 074; S, 095, 362;" S, 296, 722;" and b5, 407,8S 1),
CSI R (see Eur opdweseduity deficiernyrassaciated with radid fragyengy S85 afig? batausotieggansbe

Al; and 0 61S 285 w1 2Q 1 BM (see U S Patent. Nupbers S28 ;

5550, 5a7: 5. 53 THERE" b dor T Raerine e Laaul BT & ditbpdRitiy qne
U.S. Patent No.plfirfizthe S#klih-a bboks Eve@bstteal-podeted idio fiRqRéERYitals rﬁz?rf&ttﬂocke_d,
identification without the need for a battery. They operate at frequencies

rangi ng from 128heegh their pangs isgyperighand bjogking wedlddeayonedifficelt 1Pmskebipctar e
moder at eby resi 210, Sk [ ve..qnl i j necy 2S
functi on% ity (ﬁégg? ém haar?mlgjt %ggxga s%?%ﬁeﬂ&h?ﬁ e\étgl?f[ llr;%{ij g‘r"f‘ﬁgﬁ’/’?{‘ Ieegr%gg}tr)hglg ed on
t hese markers Jhnegrabtlyredpessaber effdatiabhess ansegunidyatevicesi REIR madgrs &e alsot he

interrogation zgne at . a tine., T also tend to be relative bul k nd
expons: ve. t o marAedas et R e Spiiach A coulorier R vty hive BpeRed T
915 Mz, and 2.dmnfdriil %h@at%@.egnﬁﬁmams%ﬁh RURIdsaRldted\ith REpHIAL Rsdnhe
devel opnent of systens ich can reliably process nultiple 30 tags in the
i nterrogation zaher than witbradaggedabjest! Isbuasiretated Thiihe seeurhty ghd tracking oftb¢ eméror
many proguct appljcations. In addition, so of, the.ta esi t he
broni Se Bt be: R @ ok 8 eyor sEfbk 47 ote SETRA R A IR BBORIPREIE ror e
attractive to afgtomer. However, these higher frequency devices share to

varyi ng degrees the 13 F ~~ ~~~ 3 - 4 susceptibility to shielding
di scussed earlier. Thus, they cannot provide the high |evel of security

dermanded in certain plLications, suc S. idrary. EP-A-Q 74Q, 262. rel ates
foman et ectron o sy ERniRY LaTRpsRittef P R Rikera s SN GhoRE et
plurality of amefyuae skifled iheierser ¢f.radioftedqualdyt ¥ndmiGvivivieseraspigyi ded,

each of which being coupl ed between the processing circuitry and a .
correspoifli ng owbstantial o Mae heraexpendaq ippliempts sfamadydhe deficigpeiss pf Fadio and
second power wher e. 0 f ' EET. | 101 e he
sour ce of the@gg%}%y S ‘E“T‘“fr&?ﬁ% st{lsggg%sf %thlg!?&'?&ne&%gsﬂ%%l;ﬁjéﬁﬁ#ﬂy l& @?8‘/&
sel ecting of ongeioperfdrmanteidsadeitirity ddgss W B CPatent Nb. 55107195 ERarfor0 eb21§, Eitidled
describes a responder assenbly for an article inventory control system

enpl oying a plu 5?‘5@‘!‘&“%@1‘%%?% visth Reactévatiopofs” deserahesiaval freguracys
attached to the inventory itens. By processing signals fromeach of the
plurality of sensors, a detection pattern is provided to determ ne whet her
none, one, or nore than one marker is present within a zone of sensivity.




From the foregoing discussion, it should be clear that there are a nunber
.of applications for RFID tags in var'ious environnments in which hgg’age%gty
of the tagged itemis inportant. For exanple, PCT Publication 3 ,
publ i shed FebggapXerdz 1999 and assigned to Checkpoi nt Systens,pd1gses/17851
describes an inventory systemusing articles si-th RFID tags. The preferred
enbodi nents described therein contenplates the use of RFID tags in library
materials, whi ch fRyovwdve EASEag bies Keduddd lan abfepf@Eircidd Ravidpya dibdes and 8 dkddigatidhe
RFID tag to determne the identify of the material. However, a nunber of

i nportant or desiairghiteThe deagtiyatim cinchis respandsito grlgwrengrgyiad aratingiipgnatisieldbye
not described or .s St 0. - 660 bl icati . :

| NVENTI ON The pr ég%%tg’ angogtre]l P(‘)‘Lmr%e % eeosf Qliﬂeoarm%é Cg@% g(g%@% E’Iﬁ? e&ﬁgﬁogﬁﬁgd the
systens for enablanfgin@nhdryichetivaigtthe tagt 1thodgh asdflefoB sonfie dppliedtisms, thbat
are near the antenna system The RFID antenna systemis used |n connection
with itens % hat #epaciesbescdtagidijslosedan Nadpw et ab mayrigakoplestaend charge oveidives i c
Secur LY o1 eTent witbedlfy LEgE uids AORLLALLANRL LR fRRERIREC, VLD

particul ar reference £011 rary ARt erial's ‘such as boo S, periodicals, and
magneti c and optical nmedia. Other applications for the present invention

are al so envi sioned. BRI.EF. DESCRI PTI ON OF THE DRAW NGS, T, resent

invention is descri _bec]lqdﬁ’ fisqueney Egéttéﬂsl Ofﬁk_“i Wre éngYOé%@ I?S Eﬁ%’“g\?Q-éeMé(fOl

Figures, in whi CQMdn'fé’an'&P&\'ﬁ%au&@Phﬁ%ﬁ&k él%#&t.s%uﬁaghﬁtiééi&ﬁ&ﬁﬂﬁ% thd¥@ining of
which F A and 1 B are Sc

several views, and In I gures ematic illustrations
of radi o flG®quendhe fagevien fitilmabeensiitably, mégngtized ¥ arsaaessohedextdecaraftherebecond

enmbodi nrent of a radio frequency identificatjon tag;, Figure 3 is a schematic
top view of a cor"z‘?‘i#éttliedﬁapgbeﬂxﬁ?cddfeﬁ’oﬂsq ‘gﬁthe Lo kithpug lldifﬁ‘?@ﬂs thvemeﬂam

i nterrogation SY%ttiﬁg,}, iiﬂ;bg%fiﬁ‘abiﬂwamr%ﬂ tﬁ@is§ue€‘%‘f@nl‘iaﬁ‘ﬂéd se_cﬂnﬁty“‘énﬂ?deﬁﬁﬁ%at@.

00/ 10112 -5 PCT/ US9 51 Figures 5, 6, and 8 are illustrations o

conbi nati on tags according to the present invention; and Figures 9 and 10
are illustrations of odinents of the .present. inyention,. Al LED
DESCRI PTI ON OF THE | eerney EispbianBh ESRBp oRy an‘?e&gﬁ}’&‘?ﬁl’ﬂtﬁ fgpnber of
descri bed jerei n gaRipenieS tchidig Mtérd%SInd AR (s EKEP ABAYNRHbEFOFRT 8880 Bt

RFI D) magneti c securlt%étaTgs. ags of this type were disclosed in U.S.
Appl i cation Seri ah30%RHb T eany psgumenty (seeilj. 8P ajenidNwnberoB34 B andk 3,84 16604),

"Identification / . curd. whi.ch L he 10
assi gnee of the -L)R?&%m}'@gﬂﬁﬁgﬁduﬁﬁgw%@F E(?bnr %gsrt ﬁg@%@%@ﬁ%ﬂ%@@ﬁt o]
the U S. appli ca442507r om96\)074;15,095342 6208172 2040di ;407 881),0E SIR(BedEwropeany) A
detail ed descriptjon of tg‘g magnet i c nd conbi nation tags used in

, RFID d
conj unction wit h GOREMEHBEECRES T 49014 M %5@5&%“#9/@% pHhALand OS5 e dn

Section |,s¢el owmpap mptm 6. B b . 687t t
forth in detail inr? S 8% pgsri I, e O\t?v’.?s 52%‘2‘% g’gsgégr%’ E?gﬁgéllf gn?:g’r gﬁlslgm\irt?f
Enbodi nents of t IfenfarmgenElettmomns (soe UAS. tPatent ded 5626 341 helhesdiags atbattsnmfto t he
i nvention described.in Secti,0 i cr)r orat e, both object

. ntgll,. bel.ow, may i
i dentification aRio¥fs @mt‘?/‘ge é‘fff'iof’))"‘g‘r‘?mathgi“ﬁ deHER: TPREGPPFEREr abl y
el ude an ol emoTeqliatesh g i FORSISCHE 5 USUIEL L FhBuiePh EfVeRSFHELO0-125

[
signal, and an element-that” i's responsive to a radio freque ]
i nterrogation si ddai).ar¢ moderatebmesidiantiot shielding, rbaig have oy lipited saslom Eequency

el enment al provi des t,he .ant enna f the radip freguency-responsiyVv
elenent. Tie ter “&@Eﬂg%g%g" b?@%@?‘_cpﬁ&f _S'_cﬁ‘rﬁaé&‘ﬂﬂ%ff S%PFQ‘%@&%“Z‘RH fhese
invention, that tiekekgempdllyspeyitdesiabRtely _wme:bh@mﬁrhf@ mhltmpv&ﬁ@?aﬁon zone at
subjected to an appropriate interrogation field. The 25 individual elenments

are described fi ragtmgelhsy alfodendiacke nslatiselydubiyi andi expersivesto omnbfagre. oAt higher

As will becone apparent he i S e pres inyenti,on desceki bed
n Section e pafhE s, (HeATEET sBRLS oL Mitf R R L G R etk
conbi nati on of anvikbiR iRl peRnAitted it devBRGARR 6F sySers WhiciPtATEIMbly Blocéss mlléple
Magnet i cal I&;Responm ve El ement The magnetical 'y-responsive el enent is

pref er abl y3hrade d#gsdn thpvinteresatianezong i e shart periqskeofitimadsi This s Mghly desigphietfor

material, such as_the material wused.in,the strips.sold. by the nnesot a

Vit ng and Manut SR eCERSET 1ol BOmeRR HRCeE 48l W RRSRE o
being relatively inexpensive to manufacture and therefore more attractive to a

customer. However, these higher frequency devices share to varying degrees the



~ 3 F~a ~~~3 wo ool | om -6 PCTI US99/ 17851 (3M under the desi gnation

" TATTLE- TAPETM' brand strips These strips, or marker assenblie raé
described in several patents assigned to 3M including U S. Iﬂafant

5,331, 313 (Koning) and 3,747,0S6 (Peterson). Exenplary |ow coercive for ce,
hi gh pernmeability ferromagnetic materials include permalloy (a nickel/iron
alloy), and high 5 perfornmance anorphous netals such as those avail abl e
fromthe AlliedSignal Conpany of Morristown, NY under the designations

Met gl as 2705M and Metglas 2714A. The mmgnetical |l y-responsive el enent may be
either single status or dual status, 10 depending on the nature of the
article with which t'he elenent is associated. For exanple, certain

refer encsusbi&%ﬁny Mo fshildfd 8 Rb6& &ngat Thhe m?/égamgt fonettIHQ m%hbre_@ay@f and

thus a s tctYo%E e woul d al ways 1 ndicate
whet her suc S“figgoi!:"%lpasse h‘lfln an |ntsea??6c§g tion zone. O her articles,

Zuclh ats é:ommngA Brﬁ@%% lg{ek % §n fe t?o rs?' alrﬁﬂﬁ%%tclrcp'ﬁ& fo?ﬂ%cés? |

or ocesseliEl ”Sﬁ”ﬁ‘%ﬁm ?lf@gb lobing2 gl o3 arga m Sage ﬁ%\?&fﬁ rf‘é&e ' o

by the i Wthéc l t@’gen alp °§' ﬁi”@ ‘f‘iﬁ‘H R S}El‘

provi ded cf&” LP;an 'f‘dess 21549 IRPH Etic

mat eri al %t g t'H P £ SRYES © q Scﬂs LS cri bed
ﬂ‘ EfoFPiSF Buih E é

bel ow andcfudes fHecupe: far seistipgplone of diegy \érﬁhfw é‘B stozlzf O(‘Jer tain
magnetical l y-responsi ve el ements have the ability to swtch magnetic
ori entation r&BiA0y53Rheds E%@bﬁi 3 Hpsporler AsseBRl f%qajbﬁ@yleawwwtqon ol
magnet i csystes ampbmmgiza pleralipoofigansors & dstestipn eff sengifiged: Bagkeislfaehed to the
predet er mvn@drychqnacﬁYepnosw@gr%}@bn@@nteﬁaﬂ Ofré!}ﬂ plaradibt et sendomsya wptectiaacei vi ng
coi | s of pattede tieptovided Thdetemhine wheghet nout,i am, of mokethRB angrkerkerals guesohty | s
cont r ol | etthima Zohe ofimgsieity.zat i on state of the high coercive force el ements,
or "keeper elenents " Wien these keeper el enents are magnetized, the
ability of theromanrkerforegoinggiietissial, iy sbovld die blaak than dhdrorardr anntrhben ¢the
al t er nat apydicatae &riRFIDitedsdn eiridus envirinetensgawhih tioidentitg ofdhe erggel itamd t he
mar ker t pagaahd. For sxdngile,dBCE Publicatidh eMOt 99203666, paublisted nBabivrane 1999 and
demagnet agieed th €heepoRt SyaEmMagRicl) deedrites nn3Qvdniey Sybtbhisig brtioles inath,
enabl i NgRFI® tdghl Bl fRefatrt D emBauimeRs tescelBéEbbrein@dniRhpinahe 0fe dfiRFIDREgeEr . The
keeper elLnBaly Smat@ald) VhivhGWiyo@eh bé citbickédEsf Atito@SallydS ihtSrrigh@ng tHerRRIDe art
13 ~~B ~ s,la eBflind (el enttty JPUd HRRBAL HRIEvNE niRb&EST AfpRaRi of deBidabRl SO

85b

i ncl ude g NS or9 rukibhs Rtk t1aP8FcBRY: dedcAb&NBP ket A FRKESs0t O be
bonded t g dichenk or other article. The adhesive |ayers) may be covered by a

removabl e liner, to prevent adhesion of the marker to an unintended surface

prior togg 1I,A§a(t®p|THtqu\tm~n@Nended surface. These and other features of
the S marker assenply are described in the U S. Patent Nos 3,790, 945

(Fearon), 5,083 nQ RLRLGE AV RIdds 10 HIDY e%?é%s 343 t{ *aﬂ?t stefdls for e% ced

above. g&fﬁ* 5? rﬁ%ﬂ%@& 1%9%‘?5 gre t?ﬂ%fkt §ea he ys?en‘?‘r cuI t

tO Sh' el nt %ngg m co ct1 fems re ass 01 eg wx ? Var L:E ngf

and r eacf)ﬁ3 loé'ta r r: m@%cn?eg Ceull,rrj en j’:ﬁ;ﬁ fcgf an R%lll:raqi alodl ??ﬁ rli‘ar kers
|

gg‘r)t giylnn Q‘Ff ?ﬂ%'ca( ’é’ﬁ%% g%ﬁrfdﬁptafm’eé’é n\?&ﬁeallsé’ PR har act eri stic | s

highly d bl e
ghty %%'IéFDESCRIPTION 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;



15 B. The Radi o Frequency-Responsive Elenent RFID tags can be either active
or passive. An active tag incorporates an additional energy spgrf€p sugh as
a battery, into the tag construction. This energy source permts active

RFI D tags to wioemiieriand transmt strong response signals even par/usei/ioss
where the interrogating radio frequency field js weak, and thus an active
RFID r 20 tag can be detected at greater rangé&.’, However, the relatively
short lifetime of the battery limts the useful [ife of the tag. In

addi ti on, the battery Bigueestobthandp aee Hugirations olbfombieationgagsmcperduigte thag

derives the ener to. r the tag fromthe interrogating radio
frequency fiel d,géﬁ%%gg@gn&"ﬁnat%%\ﬁergy to transmt response codes by

nmodul ating the i np_edanpi%uteb;e anBtiennailipsteadns 6f &mbddimehts b tHeq@ésehtigvéntRind,
t hereby 25 nodul ating the signal reflected back to the reader antenna .

Thus, their range is nore limted. Because passive tags are preferred for

many appl i cgti onsDEtrgg Eﬁﬁ é@ﬁpﬁbbﬁ@ﬁﬁ@ﬁﬁéh‘ﬁbﬁ |1 be confined to this
class of tag. Th » ; | recogni ze that these
two types of tags sharthd@nbodifaits bethepnebehtialentioh despibed Rerdmanakig vise of RIFID

invention. 30 As shown in Figure |, a passive radi o freguency-responsive
el ement 10 typi cal2By ang graferallyohsombinguerc REED/ magnetict sSeiraty dagsc iTagy ok thistyee d

an antenna 14. Theei.nfeeal Glug, EA%B]i&a{@ﬁ%ﬁ@u@@%&%@ﬂﬂ?gﬁﬁefQ,C@@B%ﬂd

function. It includes software an _

PCT/ US99/ 17851 ci entitled f‘Identfigiondne Witly Eshanced §émritygQ) wihibhnwasfasdgnedoo thed

ot her desirable information, interpret an rocess co, nds received from
Che T nterr oat | orREREtBe bresel Siliniion FaE B RETPRRt G FIRETB By He

I nterrogator, a”dap%ﬁéétﬁin &R WhEha bResbil abﬁl%ki&h BRIROHidAG! A dedfiddideddiptiogm
mul tiple tags responding to interrogation.sinultaneously.” Qptionally, the

i ntegrated circuiaefthagagneici BEIP,;and gponkinatign tdge usedfiocanungionsyigh e in its
menory (read/wite opposed to just r.eadi t.he .i Rf or .gn out. (read
only). Integrat ede'%t?o?di‘afﬁg Oiﬁ]etpé%ﬁe FIpgEntignds ﬁﬁ]ﬁgcr&ﬁ%b“ ﬁﬁ?tkoglrsfsbﬁﬂ% ﬁ'&ielq‘?hose
avai | abl e from Tegatsodimedts ithetpsesehtintdiftion afdd tReSsed forfla-detail ih'$@ct@dn 11, below.
products), Philips (in their 1-Code, Mfare and Htag |ine of products),

Mot or ol a/ | Adlal a, and Single Chip Systens, anmong others 10 The antenna
geonetry and pr ortl Of,d] B%‘i’eﬁ? P& G&SiEE SRR rﬁér{tpgf9 ENGrvetiohne

RFI D portion of tThetag.” For examnple, 4 2 RFT D
woul d typically includ& tag ciegotith thatmbodimestsaf tizsinvéreiobidesaibed irp®eation IT,
ant ennas 4a sho in Figure 1A og %hg f o) deg_ di.gol e t ennas 14a shovvr]
attached to the rd?% PFEHGRIOAQBONA SEhEER el B BHYE FCRIGURS Sigie A
13.56 Mz (or sinidvide) The BrdradbMandiddd sbelBmaRithalis RipdiQivk @B hEBRRICLAD, as
shown attached to the radio frequency responsive el ement 10b in~Figure 2.
In either @@se, tinermogatomsigna, andtaprebempangthahis responsvé toetjuadinciyequanygy

and commants o CRETCRRLOM AR b B R aRhe Bl SR e
absorb_eneny 20 Syblidet AlanicAnPRARe fald HuERYyPreaphsivBRIcRaL PTRMAcelR t he

response to be detected. Thus, the characteristics of the antenna nust be
mat ched to the sygesponsine wmeds, intthe sontexs @f ferpiessdt inventionethgtitbe elsmenp grovides

ti i t he .hj gh . 1t t { ant h teri-sti
D he Aot enna | dRigHEICTR pioRfTen Ve il f 5 spifEie BReroehfE fikfE, enna
is sel ectedsso thgHividual slefkfs ard deséritied! firstRYS), FOl ey Adéschiptich od f 25

wavel ength of the interrogation signal. In the case of tags operating in
the low to nmid Meomhigatinn tea.3A5willppconfepappateatphecombadiments ofihe presetd Neangion

antenna i s inpractli hze.limtations,.the i r t
characteristics a@eg&@ﬁdgﬁﬁeét??nﬁféﬁb&%%c ayawaﬁ?ﬁgxtiheﬁ%gﬁ@feﬁ%ernﬁgllogﬁ ?rhae
antenna coil. ForcdbifatmtdRARFIDRESmerd QA4 2 Pla@hétid sealritg @leghent i Vity is
required Typically, nmetals such as copper or alum numwould be used, 30 but

ot her conductors, including nagnetic netals such as pernall oy, are also

accept abl e,and are, in,f ; g{g réglg Fgr Eﬁg s of this invention. It
is alsa irr%grtant thatA ik vt tflga” sifefiPine el ected IC chip match

the inpedance of the ayhemagnetiollyIRxponsMeNEngy is frefeedb®f madelell 4 lodn@dercive
i nformation about antennas 1s known to those of, 13 FHB ~~~3 WD 00/ 101l 2
force, high permeability ferromagnetic material, such as the material used in the strips

sold by the Minnesota Mining and Manufacturing Company of St. Paul, Minnesota



-9 'PCT/ US99/ 17851 ordinary skill in the art from for exanple, reference
texts such as J.D. Kraus, Antennas (2d ed. 1988, MG aw Hill, 1hcET:B NEG3
York). A capacitor 16 is often included to increase the perfornmance of the
marker, as 5 shown in Figure 2. The capacitor 16, when present é t he
operat| ng f?vé)qqg@%y of the tag to a parti culgr value. This i&¢ yéj ngﬁle for
obt ai ni ng maxi num operating range and insuring corrpl iance with regulatory

| mtograed. | nt oCMGRER B e B aBe CATBA BAPI PRng s, Agetrolitgng: mrker

particularly taggefiis e dedcPibeP I &V EaPhat¥Rb XssEFrQB 1d BRAURMISS U, S Bafinffos.
2.45 10 GHz, a tuning capacitor is not require he capacitor 1s selected

so that, - when chapl, 3B Konirg andtaﬂéﬂa)ﬁééqulean)dEzterbp'lat)hb“ameecnvmforctehbtgh

resonant frequenc f. |te struct i

capaci t ance (inP eﬁé‘?éﬁ‘éty E"nggnﬁfe%%f@‘ ing “ﬁ@r‘fFﬁg‘eagl)oyﬁa%lfkvﬂfoq_@%é’f@Eglhﬁgh
mat ches the des dpére@mamraatdrmodsnﬁaat@m RfthéRavRbR ﬁtsﬁlttﬁsrmﬂéatst%pam tor
may al so be a distributed capacitor as described in U S. Patent

4,598, 276 (Tai t Cempany cfMorriateaviy N7 8yd85 the( deaignateansavietglas A0SV aad Meigles gned
to 3M Distri bu#@g capacitance is desirable to reduce tag size,
particularly th ess, and to m nimze manual assenbly. In operation, as
shown in Figure 4, the radio frequency-responsive tag | 10 is interrogated
by an EAS security stem 100, which is typically | ocated near the point at
25 whi ch the tags ar'gh roamtlmikvi -tegpandive sfement eray bgithersingle stapuaypr geal status,

eotablShec b LaglfgoTRSEt 15 R AR R BRI B L I e

items to be nonéxamphcertdin tettaehwqﬁ)otbannbx’aﬁwareabe@tUeqemdew 768 th@hbradyso be
used. An interrogation source 102 (typical I{ i ncludin drive oscillator

and an anpl i fi eand thus %%wﬁe@tq%nawdmlemble mrkesmtdg Hweysipdigaeovhethed such a

field CO|I)for r i .
nterr ogat ) on < bodh St 8Bl aoh LOR, | GHkPapERYEREK: odshéh Gry
includes an antmaedals or cdndmereial goods, Wy O€ulfd aldhiat-$AtusETdrksA4cintip Sofilmt

recei ving_a signal shovvCet as antenna | 04, and sonetines described as a
recei vi ng coi | ) Whtdthejagtister hps f%PﬁOB?r])bP@@é%“% Hie raarkeramay b sRpIeREREY t ags in
the interrogati ¥ s

i nterrogation s‘fgga%tgﬁf@ tyﬂ?e\/\k??%:fétérggﬁ%g se?l ‘@3“3’9?% %@({Exﬁlgﬁgﬁ%nmonahty
frequency bandsxstghmetral@rmopndecﬂ throegh theaddisien bhiesetions ofdtighentcoercaty nvighéticot her

applications, and cause.the y with applicable ver,nne

Eoul ati ona. | viBReRHIaR PLRHIY T d pottai bftpetemaftafil 5 dErbibbelgy and
interrogation sihgRePetblsort pABRTefefenctSatVa, r esponse code signal 202 that is
received by the antenna 104 and transmttéd to detector 106. The detector
decodes Bbe response, 10 identifies the tag (typically based on information
stored in a conputer |c 1 ed on
t he code signal dete((:: 8 't"\/gret%gg%r:%s T Cat %%ﬁépaﬁmegﬁﬁﬁﬁt "!C %ﬁ

are known to thmmtmbnsdpxdlly whentpassedtiirougic h Lo figquenoy abemmqmgemagm:na@eld (50

separate antennas for ntJnterr ation source 102 and the detector 106 in
place of the sikgie! 094%@& 4" Rl nd 19 ATpRisscrpredsiermincchRhaeiclerings TSSROfSS

al so provide S'tggt' rnéyp@éﬁetm &e?éceﬂﬁrﬁé}c&ﬁ%ﬁe@c&b”mrs%mﬁﬂ e-rcggrf?/f tHle

the formof read-only nmenory or wit ce nmenory, nore pr
of feri ng2f he usmarkbrtmsaithlyns Qommlledabyeateedhynedpdmnestztthef therhighycdeycivesfiordet i ng

its contents frgm a di Sf, The apgount of P/ rovi ded can v , and
i nfl uences the 2YPNENSET 5 eﬁ'l”“?)‘?tst h hP’nf@ﬁﬁr’Tg‘feé’ﬂ @F’?’E'ﬁfistarep@%’ietiﬁgi#hean
RFID tag. Typi C@t;lnlttyofaﬁtrtt\ﬁﬁ& t@a%%g%&&ng%%éﬁ%aat il f8ftn bt (HEBIRMYtiRRN be

provi ded econom ca For exanple an D tag avail abl e from Texas
| nstruments of lmrteasflel’denfabe lnmw@atlcnrh:eprrd:esalgﬂad |aodtHengrquttypmaByISd®$ 256

bit f ddi t to 12
For i tems such SReie SR Fpars eBpRar it AEmisheled s Pty TR AGPEOETP g
25 inforgmtion,thaewitéhies funkKon, ShaBlingthe int@voddibidsdiree RVdetdoRlerésendd dPtihd | ps

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




Semi conduct ors of Ei ndhoven, Netherlands, under the designation "I-Code"
provides 384 bits of user nmenory along with an additional 128 Bi fSBrz€8rved
for the aforenentioned types of information. 30 This user accessible nmenory
may be expl oi wedohiignhance the performance of an itemidentifpecaiussnrssi
syst em depl oyed, for exanple, in a library environnent. Presently,

libraries identify itens by scanning an optical barcode. The unique

i dentifier contained iThdmbkebasseably may ssethcludeadiesbse ¢h erierorbbfi sid¥s thereof, to
dat abase i ncl udi ng software 13 FED ~~ 3 WD 00/ 10112 PCT/ US99/ 17851 11
provi ded by |i br amabledbomatkeste ebrnsied tr( ahwls@fqthﬂraétyc ewhbe adhesive layRn(®rrsay be

i nformati on about the e mRne i e his s has
been highly devel%gffdem(frp\%fokgﬁver V%P%Vigﬁaﬁg %ﬁ"% keez)f]o an LW% cgelanhave
two di sadvant agessubfabépriorto @ppliacibh mHetheh@ed%ffaw arhéa@aﬁcabmbﬁsﬂufeﬁhme
established to 5 access the information. This limts the availability of

t he i nf or mafi on vmazrrkewwmblmar e;deseribed inghe Uoh PatenbNes 13, 63,2 5B earern) ﬁ@ﬁltléz
t hi s dat abase. f the circulation
dat abase can sorre |Jr¥1g°sws§(gqﬁrl{°$§é§%ﬁy?§ cc;:ne'p@aﬁ r'E'(P&dtali)ar?r{rga particularly
during periods of heavy use. By storing certal n crltlcal itens of
information on the RFID tag, both of these |imtations can be ogvercone,

One exanpl e of |nfornaB?CéHsev@ﬁ}”ofFF%éﬂﬂYd“P&‘?ﬁ“é\?kenﬁ%s ?féP‘FéYRPmﬁ%élﬂfb‘?U“atolsmﬁ}dary
i dentification sy,

identification nuﬁ Iﬁr@e{ %eﬁ?ﬁﬁ}%%ﬁi é@%&&sé’%sg@gn gﬁg g%rwbﬂt%eﬁéﬁ QE@:@”&
l'i brary coubd be 1qunp¢<x’tam.ahdadddxiureﬁiegnhdwbaiwammeded:dbyacawmﬂynoseamrmen@mtque
RFI D | abel . Anot her RJj[eS exanpl e of infornation prefer Ig gresent on an
RFID tag itsel f vRSMREIEY, NCIGRRA RS HRIRAPARES FRGIAES @ f8 pgchiarlogies, ggking,
vi deo tape, an auflbQ e SuitdblEHr ueE inSRBirdrpREations Ruch Bk fib for
exanpl e, conpri se %‘ﬂe med ?"a typeuco' de spiam P| ead OI n(gtuﬁe %M Sﬁgﬁéﬁgl&u fhis

| nt er change Pr ot odhetactenisiicis highlpdeditabl®. e from t he assi gnee of the present
invention. By imediately knowing the nedia type, a library's material 20
managenent systens could insure that an item was being appropriately
processed Wst hout i ncugr TREgRhHS }d&l@ycy&msﬂdﬂg@am@mce of consulting a
renote circul ati on dat abase. Other exanples of 1 nformation suitable for

i ncorporation into theRIFE g eanee sisher a%é’%@p;ﬁ&%éﬁt Ap@ctiveotg irdornaraies #m t he
art. 25 Anot her d

bar code- based Sy:z{dgﬁhongl mhg%hsn éledselflc%ésd%?c%gt ﬁo?f%g t?% Xﬁ@{rﬁ‘apnm‘;ﬁ 1s§ner§§/ i ng

sophi sti cat ed sofstowafethgs)adntvhIRE,IDREgsDoromckezrrﬁi t&mdmmnksﬁg SespOBP 8igAhle evéh in
insure that all itens in thg‘?reader S interrogati g?’ zone are successful]l

i dentified withou€giont wheteihs Biermpatingradixrequsncy Feidds wapksnd thuy ap agtiyediFID
the devel opgent ofo QMRS &’é!écté&ﬁﬁ@r'éaté’r%ﬁé&%b@&% Itfle Fehafin 63‘?’%&% f the

inventory control, |temtrack| ng, sorting t at Wou Icult of
i npossible to inp aanmltmm thia us@fnbbfist&fbhs'@g ihdgdthmdn,(t}aﬁtba(om)sg@*sMe sxzeaadm

~~C3 WO 001 10117 cT/, U899/ 1 C. .. The tion Ta

i gures 3 and 5 (B & PERYC HERrE: 115 0EEy PSUROdRaPHELing s fom the |
magnet i cal | y- resnafeﬁlo auf%] m%rﬂreq\oreﬁdy ﬁ’éld %ﬁrﬁmmn\éﬁgﬁb%ﬁmnm B8 \tba& by
t he advant ages of bot the two el ements can be applied to an item of

i nterest at the modulating the xmpedance the antenna presents to the interrogating field, thereby

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

30

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

integrated circuit provides the primary identification function. It includes software and



S sane tine, thereby reducing cost. The conbination tag may be ﬁﬁ$ QQ
W th a pressure sensitive adhesive covered by a renovable I|ne £3
enabl es the conbination tag to be adhered to a surface of the article when
the liner has been renoved. In another enbodi nent, the tag u

nagnetlcaJIV n@§$5n5|ve el ement as an antenn$ for the radio ﬁ?ﬁugﬁﬁ7%1
frequency-responsive el enent. The magnetically-responsive 10 el enent, when

used as an antenna, is electricall couled o the io,freque )

e onsi vo ol oraRiy i perRgany arY HHadE e Ariangad BGE JesuaU s T gion e
radi o frequencypiesReasi M@cc%k %Hﬁ'ﬂ{andér ﬂ%ex@&ﬂ?brﬂ%é ﬂfbrﬁo%%xé’f?‘ﬂ'a?d@&x‘éofe%?:d?ﬂ th O
the present invention nmay 15 interrogated two ways.” First, the I D

i nterrogati on sregueses fmuifdnwt@nrta[dhe)lrftefrmgamnmpdsxsgstahshar(bwamqmesblvargj

recei ve codes fromthe integrated circuit is information. waul d indi cate,
o e o  oniges restbg Hoh PR, b fesp ok AP R OTE At i ooyl

associ at eg, andogmangrmam Ie'd“du%ux*ﬂﬁﬂ ?F‘&f’de%?ﬁﬁ&dtm m&ﬁf‘&ﬁﬁﬁon S8FAMMits @
magneti c I nterrogati fiel udlnte?' ogatethetaé det erm ne whet her
the magnetic pamemory (2dbiritehes mwdseci toassecdnihqg t\hamfamatme out (reachenlyar ker
assenbly was active 641he |nterr 'OnnZF uce a.r

such as a not i fiMEHFAEhCoUS Si"r'?é’ Iecieh c'?“@r ﬁ%fd"ﬂg‘ﬁ tg%enav&}lg g |0915'Féxas

processed. Becapguhéfis (TR gREE TIRISYrelfa F;Qﬂ?&e' d?’ibrécﬁmﬁ?%xlfp“ﬁhﬁh@iﬂ -Cfde, Mifare
shielding than the radi 0 frequency interrogation netic portion of

t he conbi nat i orenddditagdinedfproducts, Mntmie/émﬂakaeend Smgle Ghm§ystme gnecnguatlass of
bot h mag?QU c 25 and RF1D tags are conbined into a single conbination tag.
In a preférred enmbodi ment, the conbination tag includes a magnetically

responsi ve el ement tmar@érﬁl‘ﬁ getietrl QRS pRPertiBEdRh& BREhd desirétBosdrithigl fidqMerRf
the radi o frequency-responsive el enment To serve both functions, the antenna

material nust 3% tBRFHP portion afdbmasi Eoceempie, Pay Gia (arsinyilas) BRIDriags stould
bilit t t t

P oh el ect ] cal SRR Befie ML A sARU e tnckl FTBIE abyeniChdER, ° 1 ©

addi tion, the geéigumetlay Othetbeiedrdh;ﬁﬂﬂ&nthﬁﬁ 1deshoonpataciddaothd fadio fiubikdy ~~C3

WO 00/ 10112 -13 PCT/US99/ 1785 h functijons this . odi nent, the
antenna &dul d, fesonsive nt ﬁéﬂ fng%zwedeedﬁfl?é%%'éﬂensrr@a"?%ﬁﬂangovmsé use a

ni ckel and irongidNoQdif a‘?x[@n‘ﬂg'lffﬁnc{s sh@wﬁ%acﬁ@& {d t@teTﬁﬁ@E’e uenby ?é@?o:?s%tﬁlérﬁéﬁt
strip, or other equivalent m netic el ement, may be use as a l1near dipole

antenna to oper Hibgn&iguze 251 epease, the pitbena 14 lghrdeptsqhﬂmdyo freciuentyeengtsy,

wi dt h and thickn f are selected,to nmatch t rtlclar
oper ati ng frequé’ﬁ?edgﬂ)fdl P%g?)tggth 1} QUS| TS Sahah gy ﬁi?sc?"%‘i%ﬁp use(L:(li
Typically, the &inirhihdé@eitid he ThE entbir@BnREE Mk RFYrebponsive @ldntent toaBsarbrudeiRer
of sources including Carpenter Speci al t}\\/ Al | oys, Reading, PA under the

trade 102%ane "figiens'ty pewenthe Agshiand %tpbyogrogtdehheargsmaq tosRedetetade Thupm
the AlliedSign r 705M
and its | engt hatl\%gﬁgpcgwsbfee%\%e% dé‘%@ e’6m§9 tf’ gm’gsygﬁ@ %@‘Fﬁ?ﬁis) The
termnals of t hecmrpbxagﬁdatlema:calse:uf tagwopﬂmhdgen ﬂrqﬁsgh:Msztoc@]‘Inwtge,ckhe owosthe
ends of the securit c%n i p, Elect LI cal me]asure é of ir}@edance E‘ ﬂépower
gai n have estabfmMPeo BF caetesistin SAheap A lenath - T ppigglyy heatigenve laeth &
fundanental el e&bélbﬁﬁt’euﬁi‘ﬁrseﬁh%ﬁ'sﬁttheﬁﬁ 1@5105311‘3 a%ﬁﬁ?ﬁvefbrngﬁal StHilHPledialFO! €
antennas normal ly used with such a chip, and thus it woul d be expected to

per f or m Bdt h f uwavelength @fahe gftercegation pignyih dm thetra sefitags @Rcaatingm tedowdd wad

el ement is use f the ntenn for t he

frequency-res pgl}@fz\fgglg? gﬂﬁ#ﬁ Rﬁ?:ﬁe(o Of %"‘8 Eﬁ@‘é(?‘feye"@ghﬂt%rﬂmtlﬁ"‘e%@‘ﬁ’cal
ot her. El ectri cale t6 QiR NindiatiBRY t@@wontaa@aﬁeeteﬂ&n& apéwrﬁerﬁ@hn&emeerahme
between nmultiple elenents (as shown in Figure 5), or, in the absence of a

physi cal connecnungrer obturpoen demnteona e¢ledforcb|¢dga1é¢nn@ tm&rgmdgle(cétscakhomn in

Figures 6, 7, a Na t ~Ccou nc ude I’aSltIC counl i
Choaer i ve coulPantaviN A RERIEE | TR, Rt ich AS hotir BEY AR whRlibe s
conponens@ as [t akiet b@ncﬁtﬁ{dﬁ@nﬁcl@dlﬁgﬁﬂtg,ﬁetxcﬁﬁéthl@Glﬁ&fas%dnﬂldyeﬁﬁe(ﬂlsoad&@fdbﬂ?és
Yagi - Uda antennas) or other suitable antenna configurations, The

conbi nati on t agengHe@unin fast, mrgﬁqfréd fori pvepasereef thisiinventiom sl iealeo Mnamanbigahe o

reCer el T AR BRI gdh R o

structure 30 su crn X C are provi
corners to i npraysinfufitenergy transfer. Additional information about antennas is known to those of




magnetic function of the tag. O her types of flux collectors % b}e,_ R
provi ded 1 3 FAQ Z~~3 WD 00110112 -14 1' CT/US99/ 17851 The c i iz 12563
tag 20 shown in Figure 5 includes a physical connection between the antenna
22, which is gag@nefiznragnetically-responsive material, and thepefivsgvassd
circuit 12. One or nore keeper elenents or the% ype described above al so
may be applied to the magnetically-responsive material, so that it may be

sel ectively 5 act omhha{ skifidn digeart fromt R4 ekample Onefatenca tekigbuchtad UIs Krag, Ahbehnas
antenna 22a shown in Fi Bure 6, howev i.s not physically connected to the

ever ,
i ntegrated circui {2died. dP88,Mc@rayoHal, dve.dNewa YaBk). but i s nonet hel ess
electrically coupled-to the dipole antenna by parasitic dipole coupling to
provi de a conbination tag 20a. The di pole antenna 23 nay conprise either

magnet i cal | y-responsi v ¢aphéitdrals i96fORcITag @t iherahde)thé perfsriah¥eofkRe marker, as
material. Figures 7 and 8 illustrate enbodi ments in which rnore than one

antenna 22 iS5 proshayaninkigeieec t Theccapacjtoe @ prhenviressnia insh Higsopzaaing figqpeaiey of

Civelv. | , . . B :
ireait 12 | nol ol gt BOPRRRLE vk HECisHIRHbIG R obiife ki SP KT, ragee
to antennas 22b. Awmd msuksg Scthiplianee witl ecgul atomgoqiitenadntsy -Thesqapadioy mapeitleer tel 2)

and antennas) 23b yay be nade of mmgnetjcally responsjve,material_In the
conbi nation tag 28ECEHOMMAIPER; gmnéeggea,te mFoa'&rFanﬁeP%efé#ésr@sbﬁiﬂ%ilﬂéomeéﬁ&nt

of the type shown i id.fi : ' K s I

ant ennas 22c. Ant g%s‘rﬂ]%@, gg@&gr&éy ﬁa&ggéﬁﬁeprégg Jt:rl);‘té:a ?g&rﬂé@fi}g#\%e&g‘é%?@r#a ",15
and 20 ant einas) GBiz, amynibe capaditora$ notagmetedc dlhe capacgpois selectedad drnat, athen Cohpled
vari ati ons of these enbpdi nents e sil){ designed. The overal |l thickness
of the conbinati off W&@&%Fﬂpﬁé@g bﬁ]%ﬁz} ap@gé?sﬁf‘@‘f reguentX Nt he RBPESIEE ¢ o
be i nconspi cuousl e r in an article. For exanple, the tag 25 may
be applied with agtﬁgst%’eggg'?%en the pages of a book, and it is desirable
to make the tag thin enough to prevent easy detgqtihgn; by observing the end
of the book. Conventional 1Cs may be approxi EF’YU —?m*n (0.02 in) thick,
and the overall thickness of the tag is preferabfy é s than 0.635 mMm
(0.02S in). 30 Thgpe@nmbination tags of this invention nmay be provided in
roll form to enable the automated sequential application of individual
tags to artlisicl es. Thi sCyenapasitarey {indiardds) descri bed in, for exanple, PCT
Publ i cati on No. WO 97/ 6__2.7% gtDeV le} et.al.). Individual conbination tags,
one or nore surfaces of WHEEH*NENbEUYGEr ed by an 13 ~~Q ~~~3 WO

00/ 10112 -15 PCT/ US99/ 17851 adhesive (such as a pressure sensitive

adhesi ve), may be renoved fromthe roll and applied between two pages of a
book, near its bi plgs¢ly marchsaghe desiredaeneratingfraguepnyfitereRFXb systam.| Thegapacitor

insertion of the GOUOIRAL LilsttiBred BhcRE T de QAT USH Phied® NIEWRED276 (Tait et
20 al.) and 4,578,654 (Tait et al.), which are assigned to 3M. Distributed capacitance is

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

In operation, as shown in Figure 4, the radio frequency-responsive tag 110 is

interrogated by an EAS security system 100, which is typically located near the point at
25 which the tags are to be monitored. An interrogation zone may be established by

placing spaced detection panels across the exits from the room in which the tagged

articles are located, near a conveyor carrying items to be monitored, or the like. Hand

held detection devices may also be used. An interrogation source 102 (typically

including a drive oscillator and an amplifier) is coupled to an antenna 104 (sometimes
30 described as a field coil) for transmitting an alternating radio frequency field, or

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



to'detect the position of various conponents in the systemmy al so be
provi ded. The conbination tag is believed to have particul ar 3a|FEBou@3 not
“exclusive, use in the processing of library materials. Library materials
havi ng an of this type could be checked in and out il Y)
per haps w Sg‘éﬁ?/hﬁgﬂan assi stance. That is, fpe materials mﬁfﬁw@ﬁ%ﬂ
automatically be checked out to a particular patron (who may 10 herself
have an RFID t i at ' ' : es
b ough a suit JoT EoRREY Fiha¥tnounls syl eRREch, GRY SO HEE deacRRel e ARnns
re-enters the |ddi)anddeedibr td6efonpiceessitlgsigniligrodgedby tdps in theanterropativmyzoat So
assi st in inventory-managenent and anal ysis, by enabling library
adm nistrators to keep track of materials instantaneously and continuously.
These and ot her feat L, d j ; 1_1"'-'b to
bear on ot her appli cﬁcﬁgtﬁ%gs%hogg&%g%n%ﬁss ﬂgi&\n |ﬁ39ﬂ1§§?a&?gg’%ﬂgg%y
war ehouse$, ancbetdskeciedkndthin cereamkhewn defpedeyrbnids thh ercprefermed becansé thgy doul d
provi de dual - st at us rker infornmation boég thro geh a magnetic response

\

(i ndi cating wheohdHeriere withpihariapphicasigns, and hecausethey femply JviHnephbigahie
tivated d i A GH :
activated or fﬁ)&&?&%ﬁé&uﬁﬂgn% hvARE thedadig Fie! u{r{c&%’?ﬁ{&ﬁ%i t@@%% ceives a

(indicating, t use of appropriate so er the database
or the nmenory dntetrogatielsignahitpransmmas fts ewovesgotseapde kigndl 20Pntleads fteegived by the

appropriately proces ., 25 Th ol | owi n l.es provide still further
i nformation as ﬁ“ﬁf“f‘ﬁi&?%%trmsgﬁ&?%ot4‘?&“&9{‘3851?(ﬁ:ggfj%t_eﬁf'gr E??QQ?%@%HSPWC’ _

describeqgi n SqgéritiRs tHe ta@ BY Pl ARB LR iGN MicnAdREN B 4 QInflR& HRShel RS
accordance with the present invention. A 30 pernalloy strip produced from

an all oy avai | alsiviseflP8anhakenagiontbesedTacthe obdesigrabdeocted i Yariafs medificatpns
Pennsyl vani a un he desiqpation " Q" ~attached to.a test fixture
ranuf act ured by REraE HOEPL b hoophiiinss B3l B8R Todlfuifle, i Gramiplt
strip measur ed \RppfseyiraRiadleynds @rmeiﬁer@%ﬁdnrsbuwedezlaud theQieRAL0NTOG fh PlAde bN)
~ 3 ~~a 2~~3 w oo/lol la -16 PCT/US99117851 thick by 10.16 cm (4 in) tong.

The test fixturthe sipgleiasteanr 94 thatisdHesratedsCs 2. 45 GHz antenna connected to
an LED diygde. The device was designed so that upon exposure to a 2..45 Gz
field strong enough to power a typical SCS RFID tag the LED woul d gl ow,
providing an i nmedi aMedeth RFDDeagsodéd prowide eignidfcahi@nqunesusaecessibliimeioihe
5 power-receiving Forti,on of tgg device. Upon replacing the standard SCS
antenna with tHEMSHBESINHE 078} ARIePGPPYTNRAORY, Or tHE10BES MEMGRY Rt Bareat

appr oxi mat el y tfherenMEofd ﬁxlFC{h%%&EHé %ilit‘}qg;éip{emeﬂlg dplfie SMCMERSHUy QRGHAL QN

r
of the prototype. Exdnple Two 1 Igure 3 1 I'lustfates anot her “ertbodi nent of

an ant enna t hatcontenbdronee ddtansef IThe ainbhntaf hE:nt@y pkeviddd| cbn drewyi, gmd influendes he
frequenc a coll-type antenn opetry i'S.prefer . Thg spiral turn
cpnprisi%% the_s&ﬁaln\dlépg_ &W%g?ﬁﬁ(ﬂﬁéc ﬁ‘é‘% %ijag| _ @%‘cﬁy*ﬁgalbe#’ﬁ%’fqeﬁj?s
ei ther by etchigig ahBBYS bRASS 1Bfal GRARErG 3hn be pHoCidelebdrdehically. FRP@RdhpIeAn RFID
through a mask. The straight "arnt portions of the coil Serve also as the
magnet i cal | y 13ag aeaileblsificen Eexasdnstsumnents of RalthesTexas, urdercthe designasion Edag-#d

of the magnet; ORERT1PISTERE PaR R GLOFEE T AN KA R T n
Figure 3, flux reqirfeictot REmeHRNRS ke WiV 1€ derdll number, version and manufacturing
25 information, and the like. Similarly, an RFID tag available from Philips
Semiconductors of Eindhoven, Netherlands, under the designation “I-Code” provides
384 bits of user memory along with an additional 128 bits reserved for the

aforementioned types of information,

30 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



the corners have been added to the antenna coil to overcone thi o o
limtation. The construction shown in Figure 3 would, preferabﬂé,ruackmae_a
capacitor as previously 20 described to tune the operating frequency of the
antenna to th@o%hﬁﬁﬁgibed interrogation frequency. The charactgiigtdergsdf

t he antenna described in this exanple were conpared with the
characteristics of known antennas for radio frequency integrated circuits,

and 25 because th@m@g%mgfﬁ aéthhﬁﬁom&gao% @A‘e\f§oﬁ&£rej,%vmﬁé ﬁlseee.{hénfaﬁafe the

antenna of this e d’ functi on adequat I'n such an application.
The enbodi nent s oinforinatipn eb@rithe ibane it peomanktlg mabedinbd| Whilerlis ypsteraibahbeena
tag having only ID el enent,, or a con@jnation tag,, both of which are
descri bed above. a@'@ﬁ;l‘g Fllf’%%d%lkél’f?‘fydye FI"@"W@PB&?‘WQ&N‘b’ﬁaySE)%YeéPﬁoA.
General . The presgalqjanMead ifR:, a&oRh&tioh? ISRARISITSC L Ae diblithddon
, hunber of iterrsglgéd "t rest,_’aat |e§c§‘t° s%?r’gcggﬁvw%ic inc?uge RE D ] 0.
elenents. 1A a  dBesHBe infergnaion 0T hisdindips the hvailabifgTo{ thedgfonmB B vwhenf asy itemlis

enbodi ment, the ant enna. system. ncl udes conti nuous antenna .tape.| ocat ed
2} acent the it ent, PR ERO G ALENISHPL Ban SEbrKo SRRy A
detachably con necﬁn?&n{aﬂoﬁ‘ﬂoﬂgtﬁe !cﬁélgﬁtﬁ&gé’i{thlﬁ& &Q%Bﬁ\%tim%ﬁ’f'éq\gﬁg @n URAcceptably elcr)ng

processing the information obtained by the antenna tape, d a controll
that activates potimeopastiafarlyrduringperipds effligbyicuseh ByRrOING ¢eriaiy giical vemsolir ce
to obtain informati.on f.romt.h rtion, of.,the.tape. These and ot her
features of the imﬂla;'%o(}w&}}eﬁ{%@o @g’st&(ﬁ‘ Béﬁ’e?eﬁ"ﬁ%gﬁnéfa'bl@? AU ow.

" Al t hough qbther applications are certainly within the scope of the present
invention, a particularly convenient use of the present invention is for
conducting an i nvent or Qneexampie af informagion sthiphequighimprevatbe perfgranange pka library
| argely in that c : tnd ' ly! . o - B
S, sytem Corrponen@gﬁt?@gﬂéng#“ﬁg%gsﬁg{)ﬁzm@g F&Q‘é%i{%ﬁf&w%htbﬁlggnbgaziﬁégﬁ%g%t&oﬁ
be optional in cemimber. Jhed, ivatioudbicessing hdatiass antitemyduimedrlibrdr$ cdbuldRfel D

Tagged Itens. The systemis intended to obtain information 0 nd, about
i tems having RFI B RY gvRERE ﬁﬂﬁ”‘&'ée‘? PEYMp %gwngm%@%@@ef@%% to
alternativegky as)eRRR sfdfrmhiior Ptk W%@g%%ﬁ%n mm?g?c%él%oﬁlagﬁ o torc]ighe

type descri bed above nay be used of 5 itionto tags. In
case of library nddsgnathsivhethe tREitEmtwags ek, Ddadéotat oo adiothpe, @ ©D, ¢rrseme

item though it is preferred ZO th the tag be | ocated g predeterm ned,.
Idi st ance ;govia tlh%thgro et"brr{r@f C?Cﬁéecqu?‘grf?%ﬁ‘am%t COIRAMSES ﬁ"\e?@ﬁ%per%’sdﬁsﬂﬁc'ﬁﬁig
shel f will have RhkDM 8&%dird IRBRheN < WoRIcY], WARhS SR laBIe FEdr@ the aEsiEﬁ@armﬂe

RFID tags do not have to be within the direct line of sight of the RFID
i nterrogation souPresent yyyantipy Heimmediatebicknowing the sedia type, édiigyy & matgriak

near the bhpdi ng. C | : t he
REID ol omeiys | o BErERHR Eend ThR A0 Bl al R ula® pERY LA PRl SRR
t ags, thereby decwghsutigrubidgtht delay and frcoanshienios bf cchsullRiRg B rémbiercirogiatiomn

Source. The RFID interrogation source |s often.referred to as an "RE
reader," or RFI D%Oé%aé%,gﬁﬁaew Ehinmtermation isabls or BCOrROTRRH MY th label

obtai n i nformati ogii heshfeaMo tho@ IRIMAGH tﬁ%rh‘? in the art. The RFID reader
may be stati onary,lport@%{ee, 0oroeven hand-hel d, and is adapted to use the
antenna system of the present invention to interrogate the RFID tags. In

?;28; g][m ? m?g;g’er'f hiAth}ﬁ%:z{reagi:nS\ShigﬁiFﬁg syz/isrt]én?sngf?ér z;[noadlvzrl]n%geeaosv%r Bgr%oée(?ggsed

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

30 inventory control, item tracking, and sorting that would be difficult of impossible to

implement with barcode-based identification systems.



~ 3 ~~a ~~c~ WO 00/t 0112 -18 PCT/ 1JS99/ 17851 manufacturers make RFID
‘readers that can read a variety of different markers. The RFIR%WM@JUI d
consi st of a Commander 320 13.56 MHz RFID reader, manufacture oty
Instrunents of Dallas, Texas. A handheld reader nodule is available from
LD. Syst ensVBA#ENT he designation "flx-nsr"_ yhich, although RGTRRNZESE
limted read range due to its | ow power consunption, works well as a

portabl e reader Another, reader unit is available fromPhillips as a

di scovery kit to work—wiEr2ERIARSEREI D markers, but Phillips is not
bel i eved to be commefcinabinzinMgdBes Bx?cﬁﬂﬂ{rou@ 8fe écﬁﬁqﬁitﬁonttggbog%ﬁi%ﬁa at
hi gher frequencies irnclude the Single Chip Systens' 2.45 system and

Ant ech' s 900 Mimagneticabiyrregponsivk eldmenewith anRIcreaponsivaedérhent ite pao@ide the

bo. used n ¢ arcprgsser bl yTiSe HuciBnbatcat BY ERIER Ap &Y e RBSSt n (Y
interrogagi on SQeGnBRRATaRGEID TRAGRbIARDNEE mAY bR PRVIlaPRitggscr i bed

herein nmust work together to interrogate items of interest successfully,
the particul ar paesserersansitiyseadhesive povereddey 4 raphaiabletliagr, wihich enapleadheon t he

i nt tion f h t her feat f .th | D
eader Thus, SsabiEN HEPheRbERERo Sipttlor SEMeRIaL uienteding Fasfis sy st em
desi gn par amet aemodé®e Menythet Ehbediment theTBK Bses $he @i revivdIR-fespehsivaeldntenbas

reader obtains information fromthe RFID tags, software is used to process
and store the ianfaptennt fasrihe radip frequsaey-espenstvectieent hdhe magseticallyrgsponsive

Cags. Thid Sof t bl B AL & bt BT Rl RRSETIERR sl MR 0,

the reader to qipdnsivepleinhi, @nd mz@m{agrn@t als6l be prysitsallg keeied i eridie
reader. The reader software al so has safeguards to verify that the comrands

sent to and frdfequBRCYriesRABSIVEEEEMARi d conmands or responses. 25 After the
RFI D device reads the RFID tag) the device may transmt the item
identification information to a conputer having software provided by a

| i brary autonmation VEedombimtiohAds midodngorid @xhépiesdry ib@ntionw manpbe LAV
software_systens are "Dynix," which is_available from Arerjtech Libhrary
Servi cesldf Pr db§roghtethtwe ways. st thesRFLD anterrogatigy soyrae weukd usgradagirequency
Cor por at i on of ¥8b re L@n@%cei%d%%{tgmtéE?atb@ci?é{f?f. BB frfdrRRbIPRA,  Of
St Louis, Mssouti. LAV software enables librari"es to manage the flow of

li brary materi aveuld ndoaath forexatipbs; dheyidenaiictaiiorcbiittie artthet with swbschrtbe tagasl t o

D o3 W0 Beeth 37 B bt Beieds hBbaen BROnaRY Brosbey, Shorl R et
i nterrogation Qhtetl3gatidnlfidld AB81d ARErobAS thLGR P HetSmih&WAEIRBE iheMndoh&iB fdrase

tags, the present invention includes an antenna systemthat nmay be either
conti nuod@ (andfitke mprker assemblyarasastivg Hithomsrker assemply wassctiggiitbhna shel f

tape, * or just ; t%n%ggt'o%asgﬁrce \%&%’EQSL&%?Q?AJ%}S@W#? O aﬂ?ﬁ%?ﬁ(e'$§f¥ed
adhesi ve as wi t'h regul ar ape), o0 I Scont nuous, a Pnougch or ease O
manuf act ur e, apyelicle hid not,beamdrapeey ptdcossed. Becduséitheusagantieimarapatddeinmare
normal |y preferred. Al though the present invention can he effectuated %Nith
di screte ant enrfggstaptito gieldingt %g@rrP%QQFWFWYr‘@‘FEP%@é’E mAgOSHE POTEIBR of the
antenna tape f eni : ]?éﬁbs% Lfen i I :
el enents are |8°f§>gf° %Y.ﬁﬁ&@g&ngulg};‘i’%\bg? éeHr?\gp) y a?‘?rﬁg'f EI"th H%Q%S%Qngyésnwggglid\%gr?e% ea
of inter2$t, armd®RHBriags ahebmbingpdinto e singbmt¢mubimationrtagear t he | ocati on of
the itens. The antenna shelf tape is powered) preferably by available AC
current. Wien the RFID tags are interrogated by an RFID interrogation 15
source (either a singl&reped mbodintehe R EdiSin@loRdag Rcluded i rdaRetkaly-ceS) ,
that source is then quickly able to gain information as to thé presence or
absence of the respomsivepldmehnikthat also functions as the antenna in the circuitry of the radio

frequency-responsive element To serve both functions, the antenna material must
30 exhibit low magnetic coercivity and very high magnetic permeability (to serve as an
efficient security element), and moderate to high electrical conductivity (to function as

an efficient antenna). In addition, the geometry of the antenna must be compatible with



identity of the item optionally for conparison to a database. ;{h n
dnventory can be conducted frequently, or even continuously, \/\,11 n-le-um
particularly useful in libraries. 20 Antenna shelf tape is illustrated in
Figure 9, andygRy;di¢; i nstalled on one, nore than one, or all ofcitigveshgshves
in a given area of interest. The antenna sheldl3f ape may provide

suppl enental power to the RFID el enents, which reduces the overall power
needed to read theRfineishseMRnhis ethoS:'ﬁﬁ:ni Qgegalﬁ‘éﬁﬁfébﬁfdeﬂ)r‘@xﬁrhpl%h% fabREAEY from
materials. Readers that require | ess power can be smaller, d thus easier
to mani pul at e. Reehmall®s anlaloy obeickelhaddiorl d scanner that passes by
individual itenms one after each other, a group of itens may be read or
scanned qui ckly in oene operation using t he antenna tape, which enables a
user to conduct conti NHQAE ehibdaidng, @M“'rﬁt{l%f‘lta%w rahd &EBrit TM’oraiher
operator can determine in real time what itens are stored or shélved where,
whi ch woul dS gr eatdqywslenpmagyetlcanhmg\tmmebe uwdmgs Jlingaratipoly anmnmtpmpyratemm

antenna system of r.es ention prefer fu ns i Ximty
[0 & var i ety of G SRRTRERiENR el The 3%%@&@8& RahicRPRs B Al or
plastic can affeCsEleEtQG t@ﬂia@dhrtﬂ #fiBulaPYperht Aid Jthe cﬂﬁkﬁa@c@ﬁs’%ﬁs efthebe

readily adapted to WO 001 101712 CT US99/ 17851 -2 0 properly
account for the diEIDeCrl@ltlSQSﬂr e"l')’@éﬁaﬂb’dhﬁéfa'@lméd h@made&mopqrmlle)nﬁaewk@ée om a

tor oxanpl o, be- SBELAT RS hlhd ColBaRE SUEAIBTARAY RECERE M BRac e e

libraries amd datrame‘M)(M@sO”Dretm hn6rphbey Mlogguw 44 thleavaligtsie fiom the AlllfedSignal
therefore preferable that _the antenna tape be designed to work in proximty
to metallic shel Gampany @f Merrigiom By, .uaﬁer\mwel&nneoraﬁ?%ﬁMaaqdaﬁée%wguwée
used on a net al o

addition of a di Zbltéglé{ep |éc)jss)%g{:1e€m:§32§ #33Y 9@““452 #Hgg%g nflfogftggr(l?'@taﬁ%dr&%“
desi gn required twoukpbe ph)zsecaﬂie'rcbomemwe tkm d:ddsdémersdcmnyshm d:"pentMall ng
frequency sel ected for thecﬂ%nten a she|lf tape. .For ex&nﬁlg atl bili.t
with metallic shdVSpSUeREnts qlimPEENSE pRRAESIINdBXE ertablished that é’?%%ﬁ&“%
fromthe mptal shebdideshBe Bﬂﬁ@ﬁkﬁﬁaﬁ@ﬁ’t‘dteléctﬂc?al‘éﬁ&rﬁ&eﬁstlc@%@ﬁﬁ)c }3)9& oraluRinum
systens operating at frequencies at or bel ow approxi mat el MHz. Above
13.56 MHz, the sitifalé agennasaiormathyyusef vadt sugk b ghipeand thus zte’ebuldwbq trpeetad tnna
design and beco e antenna system An alternative
design for netal eﬁgf vgé&g\lx%ﬁ{:tﬁ% 5“5%%{»;38 t he antenna tape over the books
15 on the shelf directly above the books or other library materials. To
operate efficiently, each i.ndi vi dual antenna in the assenbly must have an

adequate Q val ue, as iWhehhginagreucadlyespongive elemenl isaiserbascyt lqgsicp arvrfé"thﬁmtew
factor of $he ant g radio Fedrédtc rQJpohglee Elgﬁént, el tho! O SRRl ac‘f'i]c

t he antenna An 20 adequate val ue "'woul d"depend on otter co one ts o t he
system the Q valatheroElactrécaheoupling mayhec® bheabuse ofh phyngjceilmbemacogabetwnen

ant enna associ at ed th, the terro .on s rce and t nal bandw dth
requi red by tlhe |'?Hlé\ﬁ?1re(9&:§?°f"6slh éF‘é‘b‘Y’?B}# 'g‘ére u Weth'éﬁlffﬁa?erﬁéﬁ ysal %’HP%&IW&

tape of the preseptnohvafict SBctiditd ghERS céu mgus%o%ﬁ i gf%ste bhaty HnaInes
the reader to coofdinate its interrogation With a speci acti vat ed
portion of the arwpenactacotuabeg trmemclu9¢ paﬂaetlceamlmg; mecxtlmgama:émg{mrlhldwgse
associ at ed ﬁeCI fl(g nﬁ of the antenna gz% % d
i nf or mat i of fror‘r"no'fl Y8 2GYY SUY a"tFﬂ'é%‘:WﬂOé‘F?‘BaaP%’és' P e?'é“g’?“ﬁ%’ﬁ%cff%etceﬂ an
with a different driesof eitaia, YaliA@Ninteriag R BEhcP buitdd R ANédARBNfi@PRiongNd SO
on. This feature is referred to as addressabi lity, and the control 30
circuit may include a nultiplexer circuit Addressability is partl cularly

by . Singl o ant enna, A ERATgH e FAEERR Rl st hofirky Pade ABR A RGRE.

to interrogate alnhateriaerrsrheiag m&rleestfoxeéxamlplzea1wmdmw£ghaarxr'@amgin&namtemﬁre
system the interrqgation squrce would be unable to 1 3 FAQ ~QC3 WO
00110112 -3 PCTNQQQ#SM@B&W%@%?@@@%S Hepeavidad at e Garagrs 1o IFWONGGNE d be

rea Ao oxplal nod ey GRrRARF oLk | QREEIRR & AR b % BB e

controll er



woul d send an address out to the antenna circuits. Only one specjfi A
antenna woul d then be enabled to read the RFID tags, which vvoul1d§ brd:CB\ 2063
acconpl i shed by neans of a relay on the reader signal. After one antenna is
read, the multiplexer circuit would increnment, thereby acti vg&&g sﬁwgﬁét’
specified s&( '°15f the antenna tape. That_gpntenna woul d as U5 | D
reader to interrogate the RFID tags associated wth that 10 segnent, and so

on. It may be desirahle to,overl he ranges of. adj acent, antenna el enents,
20 that the firet soattsspEifien PR BokRr Bkt s AELRETT B Re it el i
items 1 throughpdfheeh iR ARMARD2SRRICh WImERATMAidnStitAGakigonsiae pfedral @dd e h
items 9 through 20, ‘the third section reads the |ocation associated with
items 19 througintegrated aiicuiblHnOne Thingreakeepercameants erthe 1yipa descatbed abaverisgur e
10, and is described . in.further detail below 15 The redundancy i .

i nterrogating tﬂ’é’yg’ﬁﬁgaﬁdgtﬁgn? Wagﬁet'(sfltl%ﬁ?p@fswfd?atf@?’%Pntgatz‘g?m?'ry?etsﬂgctalﬁg’ve
exanpl e) gan beaafaidingdei®ivaliy tb peovedf 4 WAl Qatud s, | THRWNEHANA D24 stdbh ih FafiBe
are properly interrogated at the junction between antenna el ements. It

woul d al so be p6skavAVer, ionothypicghugcanegediofthe inseggated eiscudt 12001 thadipaléa t ape
without a multi ' Ui f I ' [

deact i vating t nauEe Bt s Wobehess By REATRL G TRIWE YAl ok bl BalRE
be done by si npdpokvdoupling dstveis alrobingtibstaga®0hi @hk dipole anseina (23 intay

determ ni ng the act uyal ,lgr der of interrogated itens, because |t assogiates a
speci fic | ocati 6PN E:"e’&‘?g‘i‘eé‘c?‘ﬂléﬁeéponlsw& %EFI‘%%&BF'I“WBQC%H“ BTAPENYYe

i ncr easeqgpover L.o.gach antenna element. If there were no 25 switches on
the other elenents, the circuit would act as a | arge power divider. This
woul d result in a fraction of the overall power being sent to each el enent,
t hus reducing the prgbabiljty of reading the tags The tape itself may,_ .
conprise a continuou ‘gtué‘iﬁfj, a%lr8 B]é’s'éﬁfﬁ-eﬂ‘lg(%é‘H@Btsi‘%t""ck“‘g‘d“?ﬁeéb@f‘?'}?&‘.Pteé‘%l)'{r%l‘ﬁ s
for use on spechidiidedt6bieFicaP Bopi@Mith GnRfins23b1aR 288 rtpR&ivepH| | thave
demar cation poi nts where the continuous antenna web could be cut, provided
that the cuts shombidatimttag@0bshewn inmFignred/, sitegratad cirowit t wicludes dipgleantennge
addr essi circyitry . At. the denprcation pojnt e Circui f or connection
fo the 13 5 Fedaboghithigrdtt ey il whiethtsiahy oiéiah 28Y aredtadi e “acded
by a sinple rrecP@Phaﬁhllmpeﬁgib@maeﬁa@h@d:arrtéxﬁatd)msm@wdum df endgheicape (a
capaci tivel y-coupled connection) At the other end of the tape would be a
termination to &spensixe maferigydndhe eombinasion taas20ctshawniin Eigurq Sy ragdigtfrequency-
circuit is enpl : 0Lt gl i {: yl: : '

ant onna el emont Coous ATtk AGSbE iR b0 1 p A AR SRR B ed 1
speci fi c | engt hahtafieas 2RE.c AQTERhOYEIL, art ARJOVS mb@letisalngrespamivietmatadhal candnect i on

to the reader electronigcs woyld be set up.and ready, for use. | n another
embodi medf, an mew&)ﬂﬁp@}ay adpea TREAEYGal A PSPONYNE Materib gther Yasiatigns of
interrogate thegREl DnbSBmedfitroddst @@Si%@ge supplies RF energy to energize
or enable the tags and a reader subseqUently reads the tags either by a
handhel d device or by the antenna tape itself via the antennae in the tape.

The t dds additigpal RF that .a handhe| d hel f, t ape .r ead
e 22 Pa The-t g0 GRS S0 EShuRe SRR s B RS
anplification i gnaldmeks Bheai@irshicGust) AEQE on'drifhh Bicll tHdr tRandle, theagder

signal line to increase the power going to the antennae on the tape, and

i ncr ease@Ssi gnamaprbo(apsléﬁidngltgﬁdlmmeibmwnithn'p?@ﬁs ofabeaks andit &5 dpsuable & mekep
deci pher the returni signal. 5 stem, I ntegration.. The ant a, t ape woul d
connect to int J‘P&&%ﬁ?’bﬂ‘%ﬁ%&'e@%‘t?ﬁr ??tﬁcéloglbéﬁbfﬂingéﬁeaﬂ&&‘iﬁ{ﬁeP n, to
appropri ate LAVCeabdniahia 1CS iyl HPRASmMEHD. Mrinh (063 13) GEOM, GBS the overall
(interrogation sources) could also be reduced in bath size and cost, which
woul d over come thicknesstofdhg faigds prefesably dess duany63Sopmef .02 1. ant ennas that are
relatively | arge and bul ky, and are expensive to produce. A continuous
antenna tape would satisfy the need for an antenna systemthat is

i nexpensidge, sinple fTRe taibiaklion B2s aNthiCiaRabibs nty Yeanavitléd Gol Hsiny, @6l enable
articles with a fine degree of resolution, for exanple approximtely 12 cm
(4 inches) or | tequtomated segueBialiepplipptiomat individuabisgs aricles Tip gorera susiem
software) the inventory.a | ocat,i i.tens N i r ul. d, pe
conpletely auto ! eéén,:}ﬁr S’W@Péﬁgfalaﬁ’é%c?“%kﬁﬁﬁg%ﬁém (ﬁ%épr?feoert?l'gyst em
operates at an Al gambRAtibh eguentYordhord SurbfeVbEwhiohinfaly Yecovered by an
frequency band that is reserved for industrial, scientific, or nedical

applications. Wth a suitable change in antenna design, this



invention may be applied to a wi de range of frequencies and applications.
The 1 3 FEf~ ~QC3 WD 00/10112 -23 1'C f/US99/ 17851 mterrogqta q:rrB 2003
anplitude is preferably | ow enough that magnetic nedia, conmercla

(non- har dene@} gsgfiigonduct or devi ces (including nenory devi celsdwugggmgg]her
el ectroni c apparatus operating outside this ténd will not be adversely

af fected. The system preferably conplies with all applicable FCC and-

Eur opean agency ﬁh@i.@&(sbermyﬁrehs@rr@w@ﬁwadrre@&uj May WeFeMovaLREmitherblf dHdt her
below with reference to Figure 10, the RFID reader, control circuit, and

ot her syst em compphehbstweany tved pigss obebaals oeirdtsdindig. M@agpmc&decmegﬁent or

section of antenna .t;a ciated wt

RED devi ce ¢ hat Havsed GRS s Ting oL e sonBtalof Penprthner truignt gl Sensht
embodi ment's wherg datedi @ lpBsidAbh 6ﬂm:oh§9&nb§ne‘rl§s‘%ﬂtﬁé¥yst%Hm El@éb@Prdvﬂieﬂ.r est,
no such detachnment may be required. In enbodi nents where nultiple antenna

tapes are ¥used, a portable reader may be connected to a first segnent of

t he antenna tape and .gacti v i,sconnect e nected to a
successive segments o et?‘i)é" qyé’ﬂﬁ%\g ?%ﬁ@eveﬂﬁoga‘ﬁ‘iﬁ’ap g“'é ﬂgl?f"g@n LGS EHSe
appl i cation wherig ti@ prot&8ingWIBfarPmattiaRNNFbrh &eﬁil@hk’ﬁﬁﬁank@@@aMhﬁe
one reader assigned to a specific area to read all the tapes in that area,

i .e. one reader tpegcashdbe chegkedinrang out mepricasily, CPGLhaQS wibeutdmmandissistancer dehakr
and the entire § %Bg a}fr{%lsaw l@% %”Rgaq eecthga( %ﬁo'an[;)/ ?fct,ulgr atiof (\{Bﬁe Q\ay

device could be e Antenna err gate
syst em wi thout arerﬁeyf?haoahn REID e as@asmatadrws:th%@r lisratyantd)esieniis paronpidsed
i ncl ude a hand-hel d RFI D%sw ce that woul d indu tlvely couple with one or

more coupl i ng st'Ataugha spitaRls detection Zeng rad chegked Backdn gth epﬁ*efepaésqn re-pAIEe ot
woul d be the sarg, é}?wrufng%taewarheg%r&@hn@ﬂa&l rnagarstalagsrwme%%de

addi tional benefits’inc i ng reduce ar and tear on the system
i ncreased speed managemuphti ang analysis, iyl enpplire libwsyradadgnist2BoGre keqbfmmhkrtﬁmhatﬁialsan

overall antenna.tape and |nt rrogatign stem,i | ustr in Figure
Cortain (tems orntHiaeUsyERg cPOTRRUSD ThEeaR ahstirtRessteheinSutn tohrer
each incl ysles anobfskbebrotBtittio Bess @aiotHee dpphidatiodshichiak iiterN R4HAfng APR0R40
is secured to shelf 300, and includes |nd|V|duafIy addr essabl e ant enna

el ements 3 12, 3narehamegand thedikeso on. For applications in which the
antenna tape is detachable fromand attachable to the renmainder of the
system a port (such as port 320) may be provided. It , should be noted

t hat portions of the Iaagothar i:mbiicﬁ:raemdtlms:obtbinagordmga:obkihjrevxﬂe dualtstetusamadoena

tape) includi ng r der. 3 ontrol circuit 340, .ma ei t her upstream

or ") 15" BB~ Qrein e B SOul s BespetSFpOPEi ARG ST Hie TRSENT ) e

desi red Remder C‘?&Qure@berw&aghﬁsbéehqcmmeﬁétms §nd3t:1a?oug:§]a4r’adn%rf%q3&§:

preferably sequenti a@é@d as those sectionis are activated X control ci rcwt
1

340. Control ci rrespons pate@erhmgy thareseLaf@ppropriate tsotit)ww;ew ethercthe databaseone
| lustrated enb ef. t dd bl
:ant g?\ n ;aefe rrg nt gge g’%f“i% ? R gwan n'% %fezfﬁ%ﬁ%”vgﬂ*?t &\&Qt%i%ﬁ 338 g?%mi)ﬁit%@ ©

| ocation associ gireéksidy.h itenms 1 through 10, a second antenna el enent 314
may interrogate the |ocation associated with itens 9 through 20, and so on,

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

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

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

30 permalloy strip produced from an alloy available from the Carpenter Technology
Corporation of Reading, Pennsylvania under the designation “HyMu80" was attached
to a test fixture manufactured by Single Chip Systems (SCS) of San Diego, California.
The strip measured approximately 1.6 mm (0 625 in) wide by 0.0254 mm (0.001 in)



The information obtai ned by reader 330 may be transferred by suil gaghg 2063
means, 10 including wireless or wired connection, to a conputer 3507 hét

i ncl udes software and a database 360. The software nay be LAV software or
ot her software, and preferably interacts with the database t i

i nfornati on ‘588%?01?% ems 1 through 20 or to trygnsmt informat ?Péﬁp‘;%g{]?sstl hose
itenms to the database. The results may be shown to a user on display 370.

15 One net hod of desi gni and. iinpl engntin n ant enn hel f, t yst
according to thethﬁgz’gg@t&g%gﬂm)gﬁnﬁ' gﬁﬁégsé?‘?‘ﬁ'é‘aC?W‘%?éoﬁa&??%ﬂgfﬁﬁﬁe@
First, produce Wn%rﬁh)é_@ﬁ&_c&ﬁ tb lafLHD Gioadt Gﬂﬂ@@e@ié‘@&m@Qéﬁ@ieﬂlsaﬂwa@uﬁﬁhfpﬂdure
nunmber of addressabl-e i ndividual antenna el enents. These units wll| be

pl aced in a |i ngoalZehyGHadieldhpeonganugiotogmaver amypich! SCHREID wgube bBD wanld
antenna el ement s provi de.hi gher resal ution n_j.ncreased ability to
Rsoctat e spect faEw VWi T FmEBRe e Rt PalS of BRE PR bperedor pe
resol utions Two pgowepsreciNing podioR otk dedicee Upah agfatisy the@lahairdiSTS &ii€hna with
mai nt ai ni ng proper inpedance match fromthe first antenna to the | ast

ant enna al ong t HBe pesetypapRIMaHP Y aaienna dhed il il lysenatied mbapproximatebnihig same figl!
to achi eve equal T [ I r L1y managed by one
of ordinary ski Iﬁt;elggtqt %@@gﬁng tggggcﬁg?mgg’\?grlgg%g8f1th|%r‘)?%t§$/§é'ati on el ectronics
interface, an antenna interface design, and a method to permt the

addressi ng of individual antennas on the tape. Third, wite conputer
software to per rﬁ&%ﬁ@l’@cqui sition fromthe antenna tape, as 30 required.
Fourth, d nstrateﬂﬁg g f : £ 00N
t he desi rzgmenvi r onme teg;@ﬁﬁgékgﬁ\ﬁféﬁg%H%lg%giaﬁgnfteﬁga @g@%g&?@ﬁwgﬁ%gﬂgh
of an i ndivi duala EBnf@Ntz REID dedigr. ni\nthisgfrdqhenaypx cailHtypreaattnna gegemetfy 8n

i ndi vi dual antenna; c sessing interference between jacent antepnas;  d)
eval uat i ng the TETENC 2R fhitah s Sermpris e Song <o ToRTon AR 1806 AIPBBE"

- 25shel ving, bookS$ermiifoy, ettt 8¢ efthir Bl{’/?r‘ | 67 iLAP Ot ®F HERMiti

per formance; e) a?gressi r%l{:]elt he gff_i (l:iée)(rgc coaf i%t?créﬂlr ogatli onﬁllg%wer plition
transm ssi on dowhrough atragsk; Thedtraightisirm{potiens eSthe ceil serueralshes the magnetically

i nvestigatiLons to det.erm ne fhe optinal antenna,s ing a onetry...5

R D shel 15 ¢ ape TIPS GeBEn{Tda AT SP P CEer oS HaRea FaRn G et Tellis
exanpl e, the sysi@mmo t‘ﬂisgﬁoﬁl‘éﬁ‘mmtsﬁﬁe LAY EneSPBEIhE infaghbtid REERY Jor@dBofl N
a collection of shelved video tapes, audio tapes, conputer disks or tapes,
or data cartridgbsdexien laghoermbedigtent dwasintegure $ focetisetion eements provided at
gover nment aldat g, 66kl Ul added Bk e @ARbIGAIbARTE Natiiiden | Fient ory
managenent, itemiracking, logistics, and asset sorting. Persons of skill
inthe art will doasreshtiahchyw @eFigaee 3 Watldyprefepdblprisclode 4 bapasip@cis fpréviously

i nventi oni di scl pse erein l<§1re al so withi'n the scgﬁ)&e of the p.E)e%ent )

i nvention?0 13 depgsiosg ¢ tuns she@perptipgnirequency g anipnnady dhearreicsiped guerypgagion
items that each ghgbmyde an RFID el ement, wherein the antenna system

conprises nultiple antennae, at |east one of which may be selected to
facilitate the interrogation of the RFID el enents adjacent the sel ected

antennae) by an RFID device, wherein, the antenn ystemis provided in the
orm of -n | ongi i nal 1 HEEaT Pl e dPR Da VL EAa) ST CORIPATGH 1
wherein the systyggm ﬂﬁ%ﬁﬂa@t%ﬁst@csﬁﬁ‘ﬁ&w%QH(eH:@as%@PﬁH%tt?eiu@ﬁ’d? iH&‘gﬁ’tecﬁé{%ﬁtbﬁﬂd by

an RFID interrogation source. 3. The antenna system of claim wherein the

ant enna s$§t em fogcause thase characseristics cerasimilhat, itk belicugd ¢hat the antenoa of this
selectively activati one .or .nore antennae), for interrogation. 4. The

ant enna system ﬁ‘a@PE‘ﬁqﬁ?@?Wé‘PBia e‘i%ﬁ%%ﬁ%’é%%ﬁ‘%{b al ong the I ength of
the tape. 5. The antenna systemof claim1l, wherein the system conprises at

| east one antenna being a coil, helix, dipole or microstrip patch. 6. The
ant enna syst em of cl afheembogimaenth af thewresamanesnsibh desaribed Repw mypsusgrpither a tag

e et o oSl R B o RSO MABIRE B RO Sy s

central igperrogation source.

I Antenna System for RFID Interrogation System

A. General. The present invention relates to an antenna system for use witha

number of items of interest, at least some of which include RFID elements. Ina



8. The antenna systemof claim1l, wherein the tape is energized and
activated by a handheld unit. 9. The antenna system of claim1, vharEEB 2008
antenna tape is attachable to a shelf . by a nechanical fastener. 1 3 FEQ
20C3 -27 10. nna systemof claim9, wherein the anten i
magneti cal | yg&g(g(@ﬂg le to a metal shelf. 11_j7he antenna sys{}gcr#/@@@g{%} m
9, wherein the antenna tape has a | ayer of adhesive for attachnent to a
shel f. 12. The a |.al [ j F
APl 1o 1o | norigeey FUOSEMERL o Gldihd oy alliF i 8o RSl bR ARG B
i nventory systemadiuaputitisd ingmd, e whithehnantenymattgpa iokitherpeartharenely s ddtatiably2, in
conbination with an RFID interraqgation source and software for processjng

i nfor mati on obt aiABRECHEISRRN t@%@.mtﬁrpgamé sQYiSEcSRftyareios Pracessing ke infprnatioa
itens are library ry i : r.el n.t he
sof tware i ncl udeSObgtaﬁlIE eglﬂﬁgbié? %t%néqaot}pﬁgtﬁ%?%ngﬁ(ﬂger%g% ﬂ]evg‘i?bts grp?ogjis é’%ﬁée&g
items are ih a preaatde drerRFIEdintarohgationl®urod toebtaddinéirmiatibe firoaytiiat partioeof the n
itens that each incluyde an RF] D el enent, conpr.ising the steps of: .

ot ovi di g . poviert8iF- SIS AT QBRSSP He BT BR S he HreTbEy i geas’ deai

| ongi tudinal 1y exjegRdi AghdaRoRAdpBRESE FULIANG AR IRARopOBENObreBf © Of

which nmay be selected so as to provide information as to the ite adj acent
the sel ected ant enveaied,;a gantjcularly comvemend usanfithe ghyestntrigvensionénfra.conducting §re)

selecting a first._antenna., interrogati,n e RFID. elenents associated wth
the itens adj aceﬁ?vet"h’éyf’ﬁ’%rf‘ryoﬁ?"éﬁ %?rﬁs oﬁﬁé‘g?(?‘ﬁaf?(gﬁ ' ﬁ@ﬁ%f Wotgﬁt ‘iﬁl‘i‘telé g‘f“et\#%nt s
about the {gens qﬁéﬁﬁﬁmen&ibﬁﬂhgemgcﬁg%_of claim 16, wherein the nethod
further conprises the step of: using the informati on obtained in step (d)

to update a dat abase havi ng 13 FEB 2003 -28 information about the itens.

| 8. The nethod of cl ai nX‘/@ I [r.C i . .OW
Steps () hrough (o) Bonaset GBS Hafe b AL AT, el By S
i nterrogating théekiptithat irecertaisappdisattina b€ thewirédent ineentiorns adj acent t he

second antenna; and (g) obtaining information fromthose RFID el enents
about the itens adjacent the second antenna. 19. The nmethod of claim 18,

wherein at;d east one item ils E(}ﬂbef #ﬁ &%Eb i he
second antlednna. 20. The nmefhod o 4 al% ,%\ﬁ%ﬁsgﬁnﬁﬂt&h@w@?ﬂ%ﬁ?ﬁmog

i ncl udes the st efdran and abputerss haingBFihelementst which tneay tizeihcorperatad ittoeand

| ocati on adj acen%ﬁ%he fi

the method is perfSFAGIP %%%’fai%&tﬁé'%f&‘;@taﬁ;gﬁ\ strﬁ%ge?eg’é 0%5'?‘%21’: " 8’?Pé¥°h|“ce5r 5'of the

regarding the it egk @SaHRedAbEG Wal Be 1@ dfiof i aditbrSRFITH @RS STNAe tAE 8F likrasy
materials, the RFID tags may be located anywhere on the item, though it is preferred

20 that the tag be located a predetermine:i distance above the bottom of the item so that all

such items resting on a shelf will have RFID tags in approximately the same location.
Preferred RFID tags do not have to be within the direct line of sight of the RFID
interrogation source, and may be attached to a book, for example, on or near the
binding. Because the antenna shelf tape is powered, and powers the RFID elements in

25 the tags, smaller antennas may be used in the RFID tags, thereby decreasing both their

size and cost,

2. RFID Interrogation Source. The RFID interrogation source is often

referred to as an “RFID reader,” or RFID device, and is adapted to interrogate an RFID
30 tag to obtain information therefrom in 2 manner known in the art. The RFID reader

may be stationary, portable, or even hand-held, and is adapted to use the antenna

system of the present invention to interrogate the RFID tags. In other embodiments, the

reader also has an antenna, to increase the read range of the reader. A number of



22. The method of claim 18, wherein the nethod is perforned i ntyey rfrrtB eﬂgiy
to provide information regarding the itens associated with the first
second ant enna Iocat| ons at desired intervals.
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Although the present invention can be effectuated with dlscrete antennae it will be
described with reference to a continuous antenna tape for convenience.
10
In one embodiment, tags having RFID elements are located in some or
preferably all of the items in a given area of interest, and antenna shelf tape is located
on or near the location of the items. The antenna shelf tape is powered, preferably by
available AC current. When the RFID tags are interrogated by an RFID interrogation
15 source (either a single source for the entire area, or multiple sources), that source is
then quickly able to gain information as to the presence or absence of the item, and the

identity of the item, optionally for comparison to a database. Thus, inventory can be

conducted frequently, or even continuously, which is particularly useful in libraries.

20 Antenna shelf tape is illustrat}d in Figure 9, and may be installed on one, more
than one, or all of the shelves in a given area of interest. The antenna shelf tape may
provide supplemental power to the RFID elements, which reduces the overall power
needed to read the RFID elements in the tags associated with the library materials.
Readers that require less power can be smaller, and thus easier to manipulate. Rather

25 than use a handheld scanner that passes by individual items one after each other, a
group of items may be read or scanned quickly in one operation using the antenna tape,
which enables a user to conduct continuous tracking and inventory of items. Thus, an
operator can determine in real time what items are stored or shelved where, which
would greatly simplify, among other things, library inventory.

30

The antenna system of the present invention preferably functions in proximity
to a variety of types of shelving materials. Shelves constructed of wood or plastic can

affect the antenna tape, but the design of the antennas can be readily adapted to
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"10%& () -10 could be achieved by spacing the antenna tape away from the metal shelf, perhaps by
about 1.27 cm (0.5 inches) for RFID systems operating at frequencies at or below
approximately 13.56 MHz. Above 13.56 MHz, the shelving itself may effectively be
utilized in the antenna design and become an integral part of the antenna system. An
alternative design for metal shelves would be to have the antenna tape over the books

15 on the shelf directly above the books or other library materials.

To operate efficiently, each individual antenna in the assembly must have an
adequate Q value, as is known in the art. The Q value describes the quality factor of
the antenna, a measure of the loss, efﬁgiency and bandwidth of the antenna An

20 adequate Q value would depend on other components of the system: the Q value of the
markers, the Q value of any interrogation antenna associated with the interrogation

source, and the signal bandwidth required by the interrogation electronics.

In one embodiment, the antenna tape of the present invention includes a control

25 circuit that enables the reader to coordinate its interrogation with a specific, activated
portion of the antenna tape That is, the reader interrogates RFID tags associated with a
specific segment of the antenna tape and obtains information  from those tags, and then
interrogates RFID tags associated with a different (preferably adjacent) segment of the
antenna tape, and so on. This feature is referred to as addressability, and the control

30 circuit may include a multiplexer circuit Addressability is particularly useful for
monitoring areas that are too large to be effectively monitored by a single antenna,
although it is possible for one large antenna system to interrogate all items of interest at
once. Under such a single-antenna system, the interrogation source would be unable to

/
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mcrement thereby activating a next, specified segment of the antenna tape. That
antenna would assist the RFID reader to interrogate the RFID tags associated with that
10 segment, and so on. 1t may be desirable to overlap the ranges of adjacent antenna
elements, so that the first section reads, for example, the location associated with items
1 through 10, the second section reads the location associated with items 9 through 20,
the third section reads the location associated with items 19 through 30, and so one.
This arrangement is illustrated in Figure 10, and is described in further detail below.
15 The redundancy in interrogating the same items twice (items 9, 10, 19, and 20, in the
above example) can be accounted for by the software, and insures that all items are
properly interrogated at the junction between antenna elements. It would also be
possible to interrogate specific segments of an antenna tape without a multiplexing

circuit by, for example, manually activating and deactivating those segments of the

20 antenna tape sequentially. This cou]:a be done by simple switch.

Addressability is particularly useful for determining the actual order of
interrogated items, because it associates a specific location with specific items. The
addressability also yields increased power to each antenna element. If there were na

25 switches on the other elements, the circuit would act as a large power divider. This
would result in a fraction of the overall power being sent to each element, thus reducing

the probability of reading the tags

The tape itself may comprise a continuous tape, or be sub-divided into
30 predefined segments for use on specific shelves. One example of continuous tape
would have demarcation points where the continuous antenna web could be cut,
provided that the cuts should not sever an antenna element, or distupt any of the

addressing circuitry At the demarcation point, the circuitry for connection to the
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termination to signify the number of elements. The first time that the circuit is
employed, an initialization state would determine how many ang‘enna elements are
5 present, and the circuit addresses would be set If a specific length tape were
employed, the multiplexing circuit and connection to the reader electronics would be

set up and ready for use.

In another embodiment, an RF amplifier provides additional signal strength to
10 interrogate the RFID tag. The antenna tape supplies RF energy to energize or enable
the tags and a reader subsequently reads the tags either by a handheld device or by the
antenna tape itself via the antennae in the tape. The tape adds additional RF energy so
that a handheld or shelf tape reader unit can read the tags with greater efficiency.
Another embodiment of amplification is a basic RF amplifier placed in series with the
15 reader signal line to increase the power going to the antennae on the tape, and increased
signal processing or amplification of the return signal to help decipher the returning

signal.

5 System Inteqration.’ The antenna tape would connect to interrogation
20 and controlling electronics and, in tuen, to appropriate LAV software. The antennas
used with RFID devices (interrogation sources) could also be reduced in both size and
cost, which would overcome current difficulties caused by copper wire antennas that
are relatively large and bulky, and are expensive to produce. A continuous antenna
tape would satisfy the need for an antenna system that is inexpensive, simple to install,
25 and capable of localizing shelved articles with a fine degree of resolution, for example
approximately 12 cm (4 inches) or less for a 13.56 MHz system. With appropriate
hardware and software, the inventory and location of items in a given area could be

completely automated.

30 In one embodiment, an RFID asset inventory system operates at an interrogation
frequency of 13.56 MHz, which is in a frequency band that is reserved for industrial,
scientific, or medical applications. With a suitable change in antenna design, this

invention may be applied to a wide range of frequencies and applications. The
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' As described further below with reference to Figure 10, the RFID reader,
control circuit, and other system components may either be associated with a specific
segment or section of antenna tape, or may be associated with a hand-held or other

10 RFID device that is attachable to and detachable from the antenna tape. In
embodiments where a single antenna tape is used for all areas of interest, no such
detachment may be required. In embodiments where multiple antenna tapes are used, a
portable reader may be connected to a first segment of the antenna tape and activated,
and then disconnected and connected to a successive segments of the antenna tape. Ina

15 large, fully automated application where a large number of antenna tapes are used,
there may be one reader assigned to a specific area to read all the tapes in that area, i.e.
one reader per shelf. A central computer could then control all reader and the entire
system. In another embodiment of the invention, an RFID device could be coupled to
the antenna tape system to interrogate the system without a physical connection. This

20 contactless system would include a;ﬁand-he!d RFID device that would inductively
couple with one or more coupling stations provided throughout the area of interest.

The effect would be the same as with an actual physical coupling, but would provide
additional benefits including reduced wear and tear on the system, and increased speed

in coupling with multiple antennae.

25
One embodiment of an overall antenna tape and interrogation system is
illustrated in Figure 10. Certain items of interest 1 through 20 are arranged on a shelf
300, and each includes an RFID element associated with that item. Antenna tape 310 is
secured to shelf 300, and includes individually addressable antenna elements 312, 314,
30 316, and so on. For applications in which the antenna tape is detachable from and

attachable to the remainder of the system, a port (such as port 320) may be provided. It
should be noted that portions of the system indicated as being detachable from the

antenna tape, including reader 330 and control circuit 340, may be either upstream or
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340. Control circuit 340 preferably includes a multiplexer circuit. In the illustrated

embodiment, as described above with reference to addressable a_ntenna elements, a first
5 antenna element 312 may interrogate the location associated with items 1 through 10, a
second antenna element 314 may interrogate the location associated with items 9

through 20, and so on.

The information obtained by reader 330 may be transferred by suitable means,
10 including wireless or wired connection, to a computer 350 that includes software and a
database 360. The software may be LAV software or other software, and preferably
interacts with the database to obtain information about items 1 through 20 or to transmit
information about those items to the database. The results may be shown to a user on
display 370.
15
One method of designing and implementing an antenna shelf tape system
according to the present invention is described in the following manner. First, produce
prototypes of flexible antenna tape containing a desired number of addressable
individual antenna elements. These ugits will be placed in a line along the tape, and
20 span any distance required. More antenna elements provide higher resolution (an
increased ability to associate specific items with specific locations); less provide lower
resolution. Two important parameters to be managed are obtaining and maintaining :
proper impedance match from the first antenna to the last antenna along the tape, and
maintaining equal power to all antennas so as to achieve equal read range. These

25 parameters are easily managed by one of ordinary skill in the art.

Second, develop an interrogation electronics interface, an antenna interface
design, and a method to permit the addressing of individual antennas on the tape.
Third, write computer software to permit data acquisition from the antenna tape, as
30 required. Fourth, demonstrate and evaluate the performance of the prototype design in
the desired environment by, for example: a) mapping the radiation pattern of an
individual antenna; b) determining the maximum read range of an individual antenna;

c) assessing interference between adjacent antennas; d) evaluating the influence of the
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geometry.

RFID shelf tape may also be used for applications in other markets. For
example, the system could be adapted to locate specific RF-tagged items in a collection
of shelved video tapes, audio tapes, computer disks or tapes, or data cartridges such as
one might encounter in a commercial or governmental data center. Other potential

10 applications include inventory management, item tracking, logistics, and asset sorting.
Persons of skill in the art will immediately realize that variations on the specific

inventions disclosed herein are also within the scope of the present invention.
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1. An antenna system for use with items that each include an RFID element,
wherein the antenna system comprises multiple antennae, at least one of which may be selected to
facilitate the interrogation of the RFID elements adjacent the selected antenna(e) by an RFID

device,

wherein the antenna system is provided in the form of a longitudinally extending tape.

2. The antenna system of claim 1, wherein the system comprises a power source

separate from power supplied by an RFID interrogation source.

3. The antenna system of claim 1, wherein the antenna system further comprises:

©) a multiplexing circuit for selectively activating one or more antenna(e) for
interrogation.

4. The antenna system of claim 1, wherein the antennae overlap along the length of
the tape.

5. The antenna system of claim 1, wherein the system comprises at least one

antenna being a coil, helix, dipole or microstrip patch.

6. The antenna system of claim 1, wherein the tape enables the RFID system to

determine the order of the items.

7. The antenna system of claim 1, wherein the RFID elements are substantially

simultaneously interrogated by a central interrogation source.

8. The antenna system of claim 1, wherein the tape is energized and activated by a
handheld unit.
9. The antenna system of claim 1, wherein the antenna tape is attachable to a shelf

by a mechanical fastener.
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1. The antenna system of claim 9, wherein the antenna tape has a layer of adhesive

for attachment to a shelf.

12. The antenna system of claim 1, wherein the system includes an RF amplifier to
increase the power of the signal produced by the tape.
13. An inventory system comprising the antenna system of any of claims 1 to 12, in

combination with an RFID interrogation source and software for processing information obtained

from items.
14. The system of claim 13, wherein the items are library materials.
15. The system of claim 13 or 14, wherein the software includes an algorithm for

determining whether the interrogated items are in a predetermined order.

16. A method of interrogating certain itéfs that each include an RFID element,
comprising the steps of: -

(a) providing a powered antenna system being provided in the form of a
longitudinally extending tape and having multiple antennae, one or more of which may be

selected so as to provide information as to the items adjacent the selected antenna(e),

() selecting a first antenna,

(c) interrogating the RFID elements associated with the items adjacent the first
antenna; and

(d) obtaining information from those RFID elements about the items adjacent the

first antenna.

17. The method of claim 16, wherein the method further comprises the step of:

(e) using the information obtained in step (d) to update a database having
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18. The method of claim 16, wherein the method further comprises, following steps
(a) through (c), the steps of:

(e) selecting a second antenna;

® interrogating the RFID elements associated with the items adjacent the second
antenna; and

(2 obtaining information from those RFID elements about the items adjacent the

second antenna.

19. The method of claim 18, wherein at least one item is interrogated by both the first

antenna and the second antenna.

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

(e) determining whether the item belongs in the location adjacent the first antenna.

21. The method of claim 18, wherein the method is performed continuously to
provide real time information regarding the items associated with the first and second antenna
locations. -

22. The method of claim 18, wherein the method is performed intermittently to
provide information regarding the items associated with the first and second antenna locations at

desired intervals.



