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. TAG W TH ENHANCED SECURI TY Tmmmﬂm""uw’ d The invention rel ates to (ahDEC 2002
i dentificati %59?69 gf the ty a detector to identi %{ @H%/ﬁyﬁveil
obj ects such™as il ary nmedi a andgg@nsuner goods. Background T

I nvention Electronic article surveillance ("EAS") systens detect the
presence of small 10 el ectronic devices placed on or in an article or
carried by a person of interest, and are often used in retail or library

i ts to det i i 3
These devi ces, whi ch WENTIRICATRON AL IR ENHRRCED, SECTRTTY,
past contai ned OEI )él i.nflgr[@ti on regarding the presence of an item This
information , co ined by electronically interrogating the tag,

either integmttently s ifhRnGa 'aﬂ&qu%xdenﬁhcao@%%am Heslskd HithtayReRtRfto
ve on

EAS systens have evol over the years, base ow trtu S Interrogation
was carried out: igegifiedndeurveil gbtrrchasniibealy medidiml donagnerpopds.and

m crowave. O these four, nmagnetic systens have provided the highest Level
of security in nost applications. Magnetic tags are easily hidden in or on

an object, diffi Cﬁgc}cgl‘togncpgift‘ﬁg&mgggﬁﬁguse they are |l ess susceptible to

shi el di ng, bendi ng; . 20 and easy to deactivate and
reactivate, thereby prEWGudhRGHACOBgReillepe ¢EAS")Soabm; Ustecutile prsEnce of small
information regarding the status of a tagged article. Many users of EAS

systens ded@re t cclectronic deyieesimansd jonor imprpattiele o cermigd b adsysoatof injergiteandrare
They al so want to_know whi ch. tagaed obj i sent, for ex | e
Dot di | ed i nf or mat 0 CPe kg e R Eibel T 8 e of el LA gRzed romoval

their date of 25 daRiHeaaCTHER, dekit¥s AiHMHYars tambhdnlyaihdwa\il @4gsibR \hearkir §) 96 ¢ injthe
been communi cated to automated handling and control systens through an

optical bar code.pasydontairied @nlydnformatienu¢gendingsh¢ presenchof apitemalThisanforraation |
system has certain |JJmtatians. ,Bar codes, nmust .be,visibl which limts the
oeati one i n-whi PRI A RonG R R R 45, s By gl B
obscured, either QaahbRayal Yeadt foliNdiStidt ypRb bYEASRGsteR BfveddvolRl Gherahe years,
detector can 30 sense the bar code is also conparatively small. The bar

code may al so havasedorbova thiy inferiogateon wabearti¢dousd magnetifs magnétomegtjagigal, radio
because bar codes. are often _exposed L.mt _detection, {he bar i
et ibre o e A B RRE ] O AE ET miRE it A8 ppGife1fe hithest

n resu Ut €5.
nul tiple items Nugel BEseRlRGHT MOt HHpficationd MafRetic th@Sae e§ hidleM inSorddn an obfct

OEC 2002 WO 99/ 6S006 -2 P‘g%/ US98/ 23412 bar code systens nmake them
undesi rabl e or i rdifficult tedafeat dhecaunsshespart ilasa susoensiblestocshiekdingrbendingy ahd preasuge),

media. Morg.recently, electronjc ident.ificatipon (also know as radio.
frequency Plent | A5 h SoréRbineny CERH tse Borkal o' Rk ABBRRsHE: o edaants
the limtations ofonRRkfosAdtidAdeEREBE thdVrhth: ssfﬁagg@d hd¥R. succeeded in
provi di ng object identification and tracking, but are deficient in
provi di ng obj ect secur¥ayy usetsaaf FAhepstenmRiesirsipsknomsmogsethan st whethesquaggeg
ranges (~1 MHz and.above) in ich the.tag is easil eteated. The.security
deficiency associ gqjeé:glsvar%sﬁmr aﬂ@éﬂ .SPe"aﬁﬁ’é&%g“%“&b“g’cgr‘?ggég %&8&5?@659_ e rgﬁ%n_"f)lee'
"shi el ded" by, fOIDetﬁﬂ%ﬂrﬂ%ﬁnat%?l"r@%drﬂﬂgttﬁ@cﬂa?&téﬁsﬁ& G dbpdRes, Qichads heindasme 60 |
or even 10 placing the tag in a book. Even battery-powered radi o frequency
tags may b25bl ockmahufacture, inventory status, and owner have generally been communicated to
automated handling and control systems through an optical bar code. While inexpensive
and effective, the optical bar code system has certain limitations. Bar codes must be
visible, which limits the locations in which they may be placed, and bar codes can easily
be obscured, either accidentally or intentionally. The range at which a detector can
30 sense the bar code is also comparatively small. The bar code may also have to be
appropriately positioned for detection Also, because bar codes are often exposed to
permit detection, the barcode is susceptible to damage that can result in detection

failures. Lastly, multiple items must be processed one at a time. These constraints of
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al t hough their range is superior and bl ocking would be nore difficult.
_Thus, objects tagged with an RFmtag nay escape detection, either 04 DEC 2002
i nadvertently or intentionally. This greatly reduces their effectiveness as
security devOH9/650%1 D narkers are also related to "snmart car BETUSBEB#2
contact and contactless smart cards have appegyed in 15 commerci al
applications. Smart cards tend to be associated with a specific person
rather than with a tagged object.. |ssues. related..to the securi.ty. and
tracking of the CAaPROCSYSgmS maksithery Bndesirebls, St lefRctentoof sqme grplicdtigny. ghch &
those di scussed app¥RofiBFarRileliamar kers. The security issues associated with
RCI D markers are sim Far to tliosc; Camliar to anyone skilled in the art

of radi o frequency- ardord recentlyyeetemicideniBicatgs(alseknSwhas sadid fidquefidyort has

been expended in attenpts to renedy the deficiencies of radio frequency-
and i o owave- baddAIBR i RE R espalaves Ave Redeilopediiad Fasy the i@t eRp of
their perfaoy manc i : : S (:NaL: t
al.), entitled " 3‘?2?@?@%63%%3# S‘Hﬂé’g hem@ﬁjg%g%%nfz?‘lﬁéég é@?ft,lmli keigé(?{roﬁggg a
dual frequency mitekRiwgYButhfSdéfdent haproviding obfet stuntytiRbARe MoEIRIFID Jyst¢msy a
di ode, and a deactivation 25 circuit. The deactivation circuit responds to

a | ow energy al t @paeate Wgreaugnet fangesi(el ¥z andahoveig vehichohe tagds ¢asily dfeated dbe
of the antenna ci i .as. t i i n en eby
deact vati gt ho SPan AR 8TyeSlap ity fad SERARTES btGs Bh Ry ChSE
capaci tor-based tgigeldedThy F6lexathphéa tbting thethg withya ha@dlor elubeiui d] orcdvan ge
over time, which could cause the t%(g to becone activated unintenti onaII?(/.
30 Radi o fFequen®jacmsshe sagsingfbaoke Bvgpbattarg-ppweeed radio feguenpy tagn mapbe blocke
4,745,401 (Montean,et .al.) include a he el eqent. Th netic el ement
i ters the. toni natbpeathivek syt ihefor B SuPIERE ol SRR, dhig gBik®
accessory devi ce,ta@and witeseRFIk AdeRchiof; ABORnYRCA SR EertBnally.
PCT/ US98/ 23412 t haeﬁrbgdi o f requen%?h?yegsgf)bnsee (gf 0t’he téé'm& ?Aﬁough tr;leg?;y
tags have a cert dihis greatly teducesitbsir efféctivendss ascecurity dewsest REFID swanks's arfe also
enhanced security and .identificatign. Radio frequency identification .

t echnol ogy has bé@lﬁtegetf?efs‘aﬁxé(‘fa : aﬁﬂ@rfgg}actoz}ndcqgﬂb’ﬁﬁ?ségr,napﬁeqdahgwgappeared n
Mot orol a/ | pdlal a (P@fndrciat applt@iting NIFRR ArdR 1éhfiGo 3R As@Rfhted wifiPa §t6ilic pd@@eather

Instrunents (see U.S. Patent Nunbers 5, 347,280 and 5, 541, 604)
M kron/ Phi | i ps Seharceittacagged, obiBich glssueShn¢lgeSys thersecursy end tracBingRdithersmart card

Nunbers 4,442,507, 4,796, 074; 5,095,362; 5,296, 722: and, 5, 407, . CSIR
(see Eur opean doéﬂﬁﬁﬂﬁ‘erﬁ?ﬁsﬁ&"gnﬁmﬁﬂa'ﬁs '%;to g“’é@é‘si‘?ﬁe%%ovf)z%mﬁgﬁ??
and 0 615 285 A2), |BM(sS o Secr AL SR 1D, il
5,521,601 ; and 5, 682, o ‘)f%%’lr’#ﬁ%fBag%gi%‘#}jawg%@c"?ar%g%ﬂg it b{"é’é@%'@?" familiar to
No. 5, 625, 341). Tngsre skilirl inlthe &t dEradio fraqupmoyv axtbmiccowive-basehEAS kagat | on

wi t hout the need r a.batfery. They operate at frequencies. ranging_from
125 KHz t02. 45 sfm@aheﬁa&gaﬁbsméwe%éa@ytm@so qua}}yabeedeﬁﬂa&l%%w 10
resistant to shi ] it raqi r i l
due to bandw dt h%t%#gg?yé?ﬂ{l gﬁ &}Sﬁag%b%lﬁeéE?grt,ggss'ylgg\gﬁvsgr’basgg&g%béthl’ggdgy ?@&M&y
mar ker s gener al | wheippedbendnet assdcyrignhgs WNENPaeti Mg | 5¢5 171951 (Matlow ehsl.), entitled

interrogation zone at a tine. They also tend to be relatively bul ky and
expensi ve to nanufue Hreguengy BAY dag withddpaetivatieg Coply"ygsserthes § duad fisguipcy 915

MHz, and 2.45 r . i j . rmtied .
devel opnent of g%{céén‘g&vﬂ?%ﬁg@%%ﬁlﬁ%%la;ﬁ_\égire%@agégcuﬂu ¥ i?’_glaerH|1 ‘%‘%g%‘d@ aE&ta %tévanon
i nterrogatp®n zongrcufl. Aheldeadtivagsn ietuitiredponds told oW eherdyi altbmytiiefignelit gel pr]
many 20 product applications. In addition, some of the tag designs hold the

prom se of bei ng inducng o gblagerin thpediedeef thoantennafcircuit se antodlisahletks dipde angrthe

attractive to a custoney. ver .these higher fre cy devices share to

varying degr ces _t%@e@@sﬁsﬁ%‘?ﬁtw@t%ﬁeﬁageﬁﬂfhwjgv %@%@é@aﬁwﬁ@?@%ﬁ&,
ey cannot provi he : Y, :

appl i cati ons, suc‘%%g(téﬂg %ﬁ%&?‘y ﬁgogg{ ;{n%@m@lﬂ'\ddétt l'er f(@ﬁg %detﬁccfggllgatrr%éb(?\gr %lgle’

provi de an i nexpewkick @puldeausectht &g tolbatomoadtivated vaineshtionallyf or exanpl e,
airline luggage, overnjght parcel and |ibrary books to provide O%ﬁ?ﬂ?%l

i dentificabPon, tracki R_geimémumfﬁf}& {pesahiatyPetisciased imiSnPatsr No _
Ponvent i onal t ageCir el e fis oA AC bt T RBL A G 30, Mo Tt bF
including a conbi fhaithOWhed ithaSBEEMSItER dp RS BPBP hiY focBbsBREdEvica Hhd ahdratli Klocks
frequency-responsi ve



- 04 DE C 2002 WO 99165006 -4 PCT/ US98/ 23412 el enent. By providing
~elenments on a single conbination tag, the features of each may be r élﬂfﬁéﬂﬂl

and t he di sadvant ages of each overcone. In one enbodi nent, the

magnet i cal | YWPQYPWREi ve el enent serves as an antenna for the RCIyY§8/23412

frequency-responsi ve el enent, either by beingiphysically connected to the

| atter, or by being electrically 5 coupl ed but not physically connected.

oreater detarl e ERfaRRY BbobCorthe B BT R el R R RIS, chey

nunbers repr esent-,nll H& aotdddress tietissubs Olghanted sBaureMridéntificaivh. and 10 in
which Figures 1 A and 1B are schematic illustrations of radio frequency

identification tags; Biagmféeq@encsv idensifinatinnttechnotogy heelasn deesionsdibyarmumber of
dio f denti.f t f

L ol ot o' aboRfy ity Nl Rl Gt e, Faesht REmBeR 0. 7880 a4 e

di agram of san RFk[3ekp4gy, r’l%ﬂ?%ln@t‘?urﬁé’rﬁ& B2 U 928Gk Naghb@st B A sbhahl stag; 60@?‘1

Figures S, 6, 7, and 8 dre | ustrati ns of  conbi nation’tags according
the 20 present |Mtermflﬁnllp368m¢cnﬂu®esp5mgte|€mp Sisterhe(seaUeh Paent Nhmbeérag of

L b TR T T R M e

25 magnetic inteprogald qf Eérgrb%vt 1519‘?&2? 5%'5%3% g@?}grﬁzﬁ ;}rlﬁg&f)@%w?ﬁ%f

radi o frequency In erroga I on signal n one e
nmagnet i cal | y- r espidls(seeUeS. draent Nahtbers[jl;mgzﬂesﬁslﬂe santseﬁmasoflpamdtsjesz bafi)oand
frequency-respongi ve el e The terg responsi ve" neans, in the context

of the pré8ent i ACRRIMANHC E{gﬁté?m?sr{éeeep AenpNEy2,§2%534 1) dhesegagsiall attempt to

i nformati on when ﬁtgp,g,
i ndi vi dual 30 el gfrde%eg%g&ge gg%témr%fl ed ?ﬁ%?ﬁ e eatfgrréf'lgﬁ(‘)'l%E?,Weog1 goﬁqucfescrl ption
of the conbi nati freqhangiestarighsg fpcrmééﬁKHzmbéncti GHz Thelowddfile @anBO%sV\BIZS

991 65006 -5 |. The Ma ng eti c -y Responsi ve El enent PCT/ US98/ 23412 The
magnet i cal | y- r espoHdidfeme %’ﬁ@ reafta@tﬁe SE)P@%HPUQ heye pely imited rasiefrequeBey, nade

O 2 oM S90S Vb Aflny BHOR MREIRAPLolsclih AIRANES bisRUGLLAL nauch s

the nmateri al use

Manuf act unng Corfaskeys géneSilly dBatake reMb‘lYleﬁwtv&\e(m IMnglenaers m h@ lﬂeﬁb@’l@hlzaﬁe ata
"TATTLETAPE~~ brand strips. These strips, or marker assenblies, are

described in sevErg Thay eledenddaibgnelatively BNky anscexpensivg tomsnufpetiee ANdgher
o 01 310 (Lo ka0l (M PSR GIPLE o R B8,
al l oy), and hi ghapslablerianpetniaedthp deveoprdnglos systeady vatsich &Hﬂ&@ha@l&a}irb&bk uftiphm
tags in the interrogation zone in a short period of time. This is highly desirable for many
20 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
shielding discussed earlier. Thus, they cannot provide the high level of security
demanded in certain applications, such as a library.
25 It would therefore be desirable to provide an inexpensive, secure tag that could
be used on, for example, airline luggage, overnight parcels, and library books to provide

object identification, tracking, and security

Summary of the Invention
30 The present invention minimizes or eliminates the disadvantages associated with
conventional tags of the types described above, by providing a tag including a

combination of a magnetically-responsive element and a radio frequency-responsive



10 the AlliedSignal Conpany of Mrnstown, NY under the designati onsg mEﬂl ﬁ’lﬁ
2705M and Met gl as 2714A. The magnetical l y-responsi ve el enent nay be" ei é

" single status or dual status, depending on the nature of the article with
whi ch the el eyenbebgasassoci ated. For exanple, certain referengghasysnsdip

| ibraries are not to be renoved fromthe library, and 15 thus a

si ngl e-status (non-deactivatable) nmarker woul d4-al ways i ndi cate whet her such
a book passed within an interrogation zone. her articles, such as common
l'i brary materi al selemenprBepovaingdotideementy on egingleecombihatiba sdgathesfeamrdsef each
assenbly, so that when the article has been prqperly processed the marker
may be appropri at B3y badealized andshe S‘éadd%t\‘}&ﬁftd@é‘iwr%%ﬂnt%é ephedimestdbe on

source. Dual stat [ ' ' I ' N, :
2ddi 1 on of secti Jaenefal-ARBsE dleheiE RIS bn SleBladtl Bl HEsmonsive
to the | ow coerci viemxénmmmtb'g(@eiﬁgbﬁysioauy chrthectes 6 thedsitdpeoraby buirh électiibly

Pet erson patent referenced above. Certain nmagnetically-responsive elenents
have the abidlity tenped bumonplysisaliycconnectert ati on rapi di y when passed t hrough
a low frequency alternating magnetic field (50 25 Hz to 100 KHz, for
exanple), and to produce a predeterm ned characteristic response that may
be detected by thgriefDeicYinioh 60tht Brafings det ector. The swi tching function of
the marker assenbly 1s controlTed by the nagnetization state of the high
coercive force el enent §he preséik aeentionds daseribed th gr¢ater detedlswitlk saferencectogheattashed
are magneti zed, the abi|ity of the marker to.magnetically switch back .and
Fort oo thi nthe. Bieen e Hia HEre rEres B Srchire At e seonob e pad
altered, ang the maﬁﬁﬁf‘ typically is not detected. Wien the keeper elenents
are demagneti zed, the marker can again performthe sw tching function, 0
4 D E C 2002 WO 99/ 650F@uré 1A &/ 1BSH8/seidibfic dhatvationy of kalic frequenoyg adentification
source to detect the presence of the marker. The keeper el enents may be
provided in diffefd§t ways, as is known in the art. The marker assenbly may
al so i nclude adhesive : - S : rker to
be bonded to a book or%%uﬁgglsga;stcp%:}f'%.c hgé%ogﬁgéﬁggWeg‘gg?gfﬁ#ﬁggilgmgycover ed
by a renovabl e |i ieatifitdioptayent adhesion of the marker to an unintended
surface prior to application to the intended surface. These and ot her
features oflSthe mar ker Figg i ascheraatigdep viewerf 4 Gombnation 4ig gsgprding 1Qghe present
3,790, 945 (Fear O”)rwe?ﬁ&fg?” 112 (Piotrowski), and 5, 331, 313 (Koning). Because
| ow frequency magneti c élenments of this type are difficult to shield from
10 detection, they nay Figirel iechlosiediygramed an RFED integogaionaystemfintetaeting witkan
security is inportant. In addition, they may be deactivated and reactivated
nore conveni ent | yRFEB#pg;@0é| y, and repeatediy than narkers enpl oyi ng ot her

EAS t echnol ogi es, naki r i h.certai j i ons
(such as libraries) V\hret?%‘tr&eslmg Q’hagfi 231%?‘?? a}d;(:)%ig gf'ﬁoﬁréth %Po etl:'s"i?g r%ﬁ?@?‘lél@qﬁ
The Radi o Bpequengresemspentibye El enent RFID tags can be either active or

passive. An active tag incorporates an additional energy source, such as a
battery, into the tag construction. This energy

Detailed Description of the Invention

The tag of the present invention incorporates both object identification and

effective security in a single device. It includes an element that is responsive to a

25 magnetic interrogation signal, and an element that is responsive to a radio frequency
interrogation signal. In one embodiment, the magnetically-responsive element also
provides the antenna for the radio frequency-responsive element. The term “responsive”
means, in the context of the present invention, that the element provides intelligible
information when subjected to an appropriate interrogation field. The individual

30 elements are described first below, followed by a description of the combination tag of

the present invention.



. source permts active RF117 tags to create and transmt strong respaonse
_signals even in 20 regions where the interrogating radio frequency 6 &P &C 208
weak, and thus an active RFlIh tag can be detected at greater range.
However, th&Q&/e084ely short lifetine of the battery |iirut ECTABIYZEIY|
life of the tag. In addition, the battery adds to the size and cost of the
tag. A passive tag derives the energy needed to power the tag fromthe
interrogating radiq freguen ield ’:{ es that energy to transmt
response codes b A RESPHENVE HEBMice the antenna presents to the
interrogating field, tRanghéicmyibpbhdite dbferticgnr! pre@hl fcbRbrnapkerdbl) hde
reader antenna , Thus, thelir rahge is nore I|mtec1p. Because passive tags -
are preferred foof atawycoegspieifomse; logispertmieability fetirordagnett ntakerial]iss chusssthe matuirial
be confined to thié cl ass. of t%g Those skil.led in the_ art, however gill

d byithe Bk h

recogni ze that t$edn thestripy sl esqia Manipg and Magpfackuging (Pmnagy o

can be usegd 30 wip Mﬂ?‘l&olarﬁéﬁ/?tdng&th@ﬁﬁ? Y0n “ﬁéfﬂﬁﬂﬁmabﬁﬂéﬁri}ﬂ?. TRAEO
frequency-Tesponsi Ve el ement 20 typically Incl udes two conponents® an

i ntegrated circusttips] 3r markenassembliesere ddscribéibinisoverglrpatents assigndd fo IMGn2lading WO
991 65006 PCT/ US98/ 23412 circuit provides the primary identification
function. It incVddBatesidies,a 381348 (Roning)andy3, ﬁ,%réﬁWé‘iWDﬁWiaé}’ love tag

Functi on. I 8 1dd (Sonio 3, ¢4 ;
comands. 1 ecot van T Eh AR B ORe s it She P PRTES T« 1o

information by thiekel/itbe alloyYaindhighagedfonfisrcs amofshdla hfdtid Sichas RSO hvdilasle from
conflicts resulting frommnultiple tags responding to interrogation

si nul t aned@sl y. thpéilipdaiengl Companyrafddermisowng NY:under thgdesigaetions Messlag g4 ng
the information [ L Bq menory (read/wite) as opposed to just

readi ng the inf o&#&%?gﬁkgm&"?r ead only). Integrated circuits suitable for
use in RFID markers iTig mametidlig-eespundivedibriert heip bbither dinpd stui ot Sudlistatus,
their TIRIS |ine of@ﬂFroducts}, Phi l'i ps, fi n their Mfare and Htag |ine of
products), 10 Mxiepewsding omthgmaturapithsprigleavithvpichyke dementdsiassgcistefieFer  The

antenna geonetry_and, properties d nd t.he desired operati.ng freguenc
of e REI D por {TRPlT CRRE kg enE RO ML o 54781 (e RBFHER s THRERG
tags woul g5t ypi cibg ¥ singlelstaéles (Bostdeueticatabit)faker WG aBFaylsmditdtd @AEthel ach &
antennas as shown in Figure 1 A or the fol ded dipol e antennas 14a shown

attached to the tagkingsses ddthamaninteaopaingy apae.1 Othar artiglas, Soh as sommgadibrars A
13.56 MHz (or sim | . spi.ral . or I ,
shown at tached tHUERES ofXingngEll s InidF B Pl Bl RN BN RBI B it
In either ease, thBartihiiRasbeenlptopdilygroapied themariadnyle agpRpeiteBdagivated to
radi ated by an interraogation source. This signal energy carries both power
and commands to Rmeent defectipndyhe itaiepgatiembsausce: Hauakptapusfhngtiongliy éf ganemtly t o
absorb engggy suffici r ] ip.and thereb L QV| t he
response ?(1(5) be der gl(ca% ‘gﬁ%&ﬁﬁ‘l}ﬁ?a‘?@t\é&cﬁt&? gtf:q[ngro ?E Becrscogf"“flﬁ'em ?a%'}egﬁﬁ’aale%ls' be
mat ched to the syskiaiityito tdlotoetcivity mappetiPmartigdas déiclibe Kehse afd intthgs
operating in the high MHz to GHz range, the nost inportant characteristic
is the antenna |Ratersen patgrsirefarenged abawe.ef f ective | ength of a di pol e antenna
is selected so that it_is close t.0o a hal.f vel engt h,or ltiple, half .
wavel engt h of the 25 Fiiat FRgRRY-Srphave SHinBusdoicid uty o BB dheprtiey 1
the low to md Mfenifibh@ipidly bheR Padvbd shréih AP Beating labnMRURIERGL
antenna is inpracti cal d{})e1 ¥o sei ?g lim t%hi ons, t(ﬁénl rrpgr tagﬂg a%n &
charact erB8ti cs Heéo &00 KHngfor exingiignamel tarpioduve amredesermiiedt dharastenistid fegponse
antenna coil. For both antenn t%pes,, good el Fctri cal conductivity is
required. Typi cathE/’,“aW%qt%Ct%‘{il&)h 8 EeceyHigcoilp Pt adersetat ml e sivisching fuaetien of the

ot her conductors ' [ j ch.as permallay.. are al so
accept abl e and a?%l?kgf %SQ aﬁé??srkg)rn @%&ﬁf g?‘ g#ﬁ%ﬁ%@’éé}n&d@ﬁ @g)i‘ ﬁ?,‘%ﬁ‘é’ TORSC 1t

is al so inportangletbis, dr iRedpBIPeléménte AFRGEhede KelBere®inidit£4te nfagrbtized ®é ahllity
t he i npedance of the antenna for maxi mum energy transfer. 0 4 DEC 2002 WO

99/ 65006 PCT/ US98fthemarker tp magnsiticallyrsavitch hack andifonh vathinithe altematimsmagnekio Sold
to those ordin .Skili..in_the t fro f or exanple,. referenc xt
such as Jgé) Kr a%@?‘g}iﬁ?WHgn @A ‘%a{eri‘g%&mr&%—ﬁyﬁg?& 1ot gfﬁ%‘%&F o\ﬁ‘?‘.‘ﬁﬁ
capacitor 16 is pfdeneléh&hidedeinQedens rb9; Rk

as S shown in Fi gueﬁje 2. e caSac%teoréoieig,%%v\é{gﬁr %ﬁggg‘rﬁﬁﬂtgﬁﬁgﬁse %\ﬂgho erathPl’g
frequency of the tag to a particular value. This is desirable for obtaining
maxi mum operating range and insuring conpliance with regul atory

requi renments. The capacitor may either be a discrete conponent, or
integrated into the antenna as described below. In sone tag designs,
particularly tags designed to operate at very high frequencies, such as
2.45 10 Gz, a tuning capacitor is not required. The capacitor is selected

T T M o e - e o o,




where 15 C = capacitance (in Farads) L = inductance (in Henries) cl gﬂal {C 2000
~mat ches the desired operating frequency of the RFm system The capa 8

may al so be a distributed capacitor as described in U S. Patent Nos.

4,598, 276 (Teidomsoodl . ) 20 and 4,578,654 (Tait et al.), whichpafgsarsigned
to 3M Distributed capacitance is desirable to reduce tag size,

particularly thickness, and to mnimze nmanual-"assenbly. |In operation, as
shown in Figure 4, the radio frequency-responsive tag 110 is interrogated
by an EAS secur i tepalllipgitherinteroogatinn source ta §ghéct shd presenceaofithic magert Bhe kespert  at

which the tags are to be ni t or gq. interrogation zone may be
establ i shed by 25&'{5‘?@5 rﬁﬁyngi)aioé(b“%gé’? @&Cf%’ Wﬁ%gfé‘k&ﬂ”&é%ﬁle ‘exits fromthe
roomin which the tabbgg rﬁirﬁchﬁ{lsﬁén@l?ﬁgx%tif‘dgudcfreb?gési@ SPONEHYorlF s Xheibe, 1o

itens to be nonitored, or the IIke. d he ction vices nmay al so be
used. An i nt err ogasblethesnankertollbdrdgdtcabdok omatherdirticle. aThk adhesieskaydr(satmy be
and an anplifier) is upled t 1 antenna 104 (.so i mes_described as, a
field coil)>for tPXFfE Ytai’ﬁ@‘)&??’l%{‘]‘i“é’rﬁ?dﬁ‘f?ﬁt? fign o {RaRksy tpipp ppntepdedso

ot udes an_ ant eragace gribrd SpbiRafh SOR el G ack) TURCHRTS TS0t e
recei ving a si gnaharkatwsyemblg arendeserited i the (ASdPstemaNos 8,590,048 (Fdaewh) 55088112

receiving coil) and detector 106 for processing signals produced by tags in
the interrogati ofPwbigavsiheand .83 Labh(kgwBour ce 102 transnits an

et o0aon o1 9nal 30 ML I HnTLAENE el b 65 KEFAPRH ey om

ot her appl igat i onftectiosl thecaus be effedtivelyiivtd/onh WideaRBklyGTiMef s HNEE EdEORIYs
regul ati ons. When the radi o frequency-responsive el enment receives an
i nterrogation si dwaprtant. dp addidpe.dhey Haphpdsastysesandeersivated mare ogpeipaly, i s

recei ved by the n 1 [ 6. T t egt
decodes the res pgc%n??et@&éag\ﬁi rfa' ? éejdéé({])ﬁ{eh%{péﬁgah%t sy%)'lg%lg?l f‘%gg‘%’sgég& ﬁcanggggrgfar?%’r%r
stored in a conpuhém ndre Slitidle fo8 B iy cdfyin@pplidBions (M ad Bbfanieeswired thizn based
on the code signal detected. Various nodifications of the illustrated
system are known Qharagigpstc isthighty desirables he art i ncl udi ng, for exanple, using
separate aﬂg ennas for the interrogation source 102 and the detector 106 in
pl ace of the single antenna 104 that is illustrated. 15 Il The Conbi nation

Tae As shown in HAIgThe€RadioFregientiReshsi®e EldAeneonbi nation tag 20 of the

present invention conbines a magnetically-responsive elenent with an
RF-responsi ve el enent RidDhvagy carebe ¢ithen astivaoagassiver Apagtive tathineorppraeestaio

el enents can be gi%ﬁljeq to an item ob intber est. g}t ht gae samne tt'i me,. 1t heer eby
reduci ng cost TheeBioAR! FRETEY PP THE 254 PRSIV 'R AhS tr8 GOPRIUCtigp e Jhig PHerEy
sensitive adhesi v@uf@\Rifils ftive REFIYS o rdat\@id tradeit Rir8A@RIsESnsk Bignals even in
conbination tag to be adhered to a surface of the article when the |iner

has been r@@oved.regionawbereshe inttroagating radia fiequency figldis wdak, and thus an active RFII®
magneti cal | y-responsi ve t. as an_ant eana for th
'C

frequency- r esponsf§ ganelpeeqiqlgﬁ(ggg FHRICUSLIROES cHP VGV e BBﬁ%t{V\%g'i s@pgrl[iéqilifn,e ol

used as an ant ennﬁuef'fu ik Sk s o ¥ of MRAE Mt RAdlHRS, {h@%%fe&raemnﬁe/sizéand cost
responsi ve el enent, nd may or may not also be physically coupled to the

radi o frequency- refSpongi Vepaisaweag derives theentrigy ateded to poweretlte tegcfoam dieng t o
it TR METRT T T ER TR BRET S
eceLve.ofe" | MIALE PR She s ok LR SRR
i s associ at ed, 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

30 with this invention.
As shown in Figure 1, a passive radio frequency-responsive element 10 typically

includes two components: an integrated circuit 12 and an antenna 14. The integrated



and whether the article had been properly processed. Second, a magnqe&ii
interrogation field would interrogate the tag to determ ne whet her SEC 100
" magnetic portion of the marker 0 4 DE C 200Z WO 991 65006 -10

PCT/ US98/ 234929/6¥8€nbl y was active. If the marker assenbly REI/EOBRIAIL t he
interrogation source would produce a responsg, such as a notification that
the marked article had not been properly processed. Because the magnetic

interrogation is._nmore resistant to.shielding than the radiq freguency.
interrogation, ffi ’W@K@?f ﬁ’eﬁ&“ﬁ% e'g(ff?ctaﬁ%n g‘é‘ﬁaﬁ”haitil_ de?%&wﬂﬂ? %‘“EC‘EX‘%EW Qe
enhanced securi bé’r_ma'ﬁghﬁy stbfe@hé Rlidémificfonal bR ARGEbR iﬁfﬁﬂndﬂﬁhﬂn&?ﬁ%t M
conbined into a single conbination tag. In a preferred enbodi nent, the
conbi nat i on t agpravessumbasmandsnepenied Gainl the intempogesiou darlwane néspoibto radussts for
functions as the antenna ip the circuitry of the radi.o freguency-responsive

el enent. To ser VEOTRANQNDYtES intrrrogatonaand 365s the hardwaredn resglying confligisiresuftingow

magneti c goerci ¥l v, 1 gh. nel Il ( ; e, as an
ef ficient %s ecur ?‘Jt"g/‘y‘é‘ﬁ@ﬂ%n‘? g%/re%%‘g’ta}%‘ggg@%ﬂé&%ag%hir{gﬂmé}‘ée‘%ﬁy i t(%u%g%l dﬁlgt ivity
(to function asiméprafelicircginina@piaidedhr updating tietihfonmatidhest§reo ifEits Merbryt he
antenna nust be conpatible with both functions. In this enbodi nent, the
antenna coul d, frspd/sxiedAsoppeseditapist radiag the isrpatiomeutdiead salyy| Ingsgryed

ni ckel and iron,. |.n. i GTattl e- Taper' ="' =~

Cecuri ty st ri pr et e AR R IR maerMholl otk VaREs fom Tegay 1@ gnents
|'i near di pole aﬂh@ﬁ@ﬁTMSQ&éro@bﬂ)d%tsﬁ_-Pﬁﬁip@(‘l_iﬁ their Bt dndatitaBilidd of prRAHAECY -
The length, width and thickness of this strip are selected to match the
particul d0 oper Matarpld/Inslglacensd/Singld GhighBystantsapmongpthetsi cs of the RFID chip

d Typi I[ly, th i Id b f [ i1 abl f 20
nunber”of sout ces | ndBANKYTCEAgE AR Bperiis KPR yibe IRV RY g e
the trad~ nane 'MM@ﬁiﬁypag?o@af&,@Qggoh%%xahﬁﬂeyz.asl rginﬁuaramb'@%'@omaom

the AlliedSignal Conpan Morri stown, NY, under the designation 2705M
and its | ength vwypidally reclisetadipole @tdnta, sucll at Ghelinear ¢ipold aatednad asshavaheFigurdhe

termnals of the integrated circuit woul d be physically connected to the
ends of the secdfh By epIES dpplecaniornd HasShn Bkl To Pestap AsaLas FamRrve
pover gaijg have g ﬁg}(bagiﬂ Jrb§B, %‘?ﬁS@I\/ﬁ?ﬂﬁg%lnﬁlaﬁtlﬁFE ﬂg%duﬂne&eta&?irﬂ%?e

fundamental electric aracteristics as t copper or alum num di pol e
ant ennas nor mal kyil asteshan 4bh asshoiwneaattablied, to almaratifoufsequenayaaspenties @apent 16U int o
perform both fungctions, sati sfactorily. en t he gnetical l y-responsj ve

bl ensnt 19 Used HBGP. e ﬁa?,ttgwm%/r}ﬁ@\/lgﬁwefﬁeawé FRgto fequeqcy gefey radiated by
frequency-respopsi N1 WRn A eRerdly Rbitrlels G81H Yowe? Wil Ehrhhd8 36 th
other. Electri cgﬁ Aégﬁﬁg aﬁ%gr}?r%rfgoccu\reﬁgeceaﬁlgg 0 ea g{nﬁs()l ca:d connecti on ©
bet ween mul ti pl eagel Binearitenng @satdésahe RFrrespiogsive el@nentan absatb eiegyphdiaes tof a
physi cal connection, by non 0.4 DE C 2002 WO 99/ G006 -11 PCT/ US98/ 23412
contact élct r obaYEEthed CcimndilereasPonidanhg espange febedeteaigh - unthet
coupl ing can | n%h&l’ggteﬁﬁl{cg%'fmecan(fe(?\ﬂﬁ)Hu?t%te LR tto'tngﬁ%\’rpiln'\ﬂﬁ’ch iPls ihd%g&ﬁﬁfe&e
coupling, and use such ahtenna conponents as parasi'c antenna el enents,
reflector and dilf €ad ke aﬂtagmaﬁéiat_inﬁa@!tﬁédﬂg}amwt@a@}l_z@zrné_e,tthemosuhipahhr& _
antenna configurations. The conbination tag shown in Figure 3 includes coil
turns nade fromchergeferistic intheaantenna length. (Tagicetiyithe efsctivolength afp dwoleantaing &

Mz tag having e A8 €0 WAt R4S HGEH0% haif wavelength or multiple half wavelength of the

25 interrogation signal. In the case of tags operating in the low to mid MHz region (13.56
MHz, for example) where a half wavelength antenna is impractical due to size
limitations, the important characteristics are antenna inductance and the number of turns
on the antenna coil. For both antenna types, good electrical conductivity is required.
Typically, metals such as copper or aluminum would be used, but other conductors,

30 including magnetic metals such as permalloy, are also acceptable and are, in fact,
preferred for purposes of this invention. It is also important that the input impedance of

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



such as 14c in which flux collectors are provided at the corners to hgﬂff%vﬁ
the magnetic function of the tag. O her types of flux collectors may 1001
provi ded. The conbination tag 20 shown in Figure 5 includes a physical
connection 1 deigern the antenna 22, which is nade of PCT/US98/23412
magnetical |l y-responsive material, and the integrated circuit 12. One or
nore keeper elenents or the type described ab8ve al so may be applied to the
magneti cal | y-responsive naterial, so that it may be selectively activated
and deacti vat ed tAgldgicmal idformatieradbost antermat sdcno®ndo shdse nfiarditday skilbianthe art
Figure 6, however, is. not physically connect the integrated circuit 12
or the dipole ani®%h °r1@‘a§‘§Pe¥5‘if?reP%°tﬁ’5ﬁé‘f Siﬂ%%?%éﬂﬁf@aﬁﬁ {?%eiub?%i?@r@m
di pol e ant enna byy; St ipol e coupling to provide a conbination tag
20a. The dipol e g%‘tﬂghﬁa%geyrrg%&conpri se either magnetically-responsive

mat erial or non- magnetA caplatiyorr €sipenen Meluded wrihcrtase thepsrfosmancand tife marker, as
illustrate enbodi nents in which rnore than one antenna 22 is provided to

el ectrical 1% couphevninlfigenstle nhhescapaiifon b Wwina preseniptines theloperating fiigguengy of
conbi nation tag i L our L rat ircuit 12 include

di pol e antenna 2 lge?ta%?é\ﬁa#@uggggggt?}g%}s%gé&g&p@gag?ﬁ’m%ﬁ‘%rﬁ%@ ofﬂu)a%ng range
Antennas 22b ar e an@iRuiig coraplRhéCRth YeghRSP RéjuitemBms e Thetapaditst mdyt &iheA6d a
23b may be nmade of magnetical |l yresponsive material. In the conbination tag
20c shown in Fi g@iserete campangnip of integretad intetheantennaasedeseribed belowt. Hia sopedag
shown in Figure i.s parasitical ly electrically coupl to 25 antenngs,  22c.
Ant ennas 22c are ﬁﬁé‘ésp 8?'%ﬁl&5%fﬁsa§ﬁ1&)\.eﬁi%Bg?{gﬁe\?y%?ta%ﬂmqyem, ﬂ’r‘?ﬁé’ﬁga“ss)

23c may bejgrade @fHARG0AAE eAacior IS HOORGHIFA. Wﬁk%ﬁ?&%ﬁtor iPslBdted 84 inat, v celip.
t hese enbodi ments are easily designed. The overall thickness of the

conbi nati on tag $hthe industange peavided baghpaniering) the resonamt filoheench of thegompobite

i nconspi cuousl y pé_ﬁced on of in an article. For exanple, the tag 30 may be
applied with adhé ?}Er%g'{"ﬁ%b‘r the pages of a book, and it is desirable to
make the tag thin enough to prevent easy detectio observing the end of
t he book. 0 4 DE C 2002 WD 99/ 65006 PCT/ﬂSQEJ%P-lZ Conventional 1Cs
may be approximately 0.5 mm (0.02 in) thick, an@rthéCoverall thickness of
the tag is preferably less than 0.635 mm (0.025 in). The conbination tags
of this inventioh"h?éﬁ/ be provided in roll form to enable the autonated
sequenti al y@ppl i cati orx of., 1 ndL Vi s to articles. This general system
is b5 descr}%ed in, foIrt ef%ﬁr?% !ér}eeg%?}%c% ication No. WO 97/36270 (DeVal e et
al .). Individual conbilrairndantaheg@n Hemiespr nore surfaces of which may be
covered by an adhesive (such as a pressure sensitive adhesive), may be
removed fromthe roll and applied between two pages of a book, near its

bi ndi ng. A page f i t ke brate i g
conbi nati on tag, %%g@gﬁﬁcéﬂ;@ghpe?fegﬁés@és’%égﬁﬁgsffé gié%fs\c ro &sﬁh%(}e?gr%gté %‘Cme%%pééh%r may
posi tion of vari aiss beadinribied capacitdreassigsiribed inely. SaPaenttosD 8 398 256 (Tdihet al.)
conbi nation tag of the present invention is believed to have particular,

al though nl exclapd 8,634 4 Taiket al9, whish areassignedito BMbr Ristributadesepagitgncaispr ar y

mat eri al s havi ng an_RFI Nl ) cqul,d be checked.in_an re
casi 1y per haps EPFOIR Ob A Y 474 DabibRin e o 13 it L flibaB!
automatical |y be checkg@dperdtion, ds Shovin dfifnire 4! he rXfib frefuen¥ieespBnsiveahg ehd is
have an RFID tag associated with her library card) when the patron passes

t hr ough a suit ablinterfegated bypan Eddcsecusityl syskrae kQQy widahiis typicalilocatad neastthe point at
re-enters the librarny,with the mater.jals.,The tag.of the inventi al so
assi st in inventofy° é%ggr?é%fo %%Boﬁ*?é'f@s‘?‘%fn W%ﬂ%’b?‘?’ﬁd“% ?%H&em

adm nistrajors t : i kRS : I sly.
These and %St)her ﬁ’éat rggéeggdégﬁfgoﬁgﬂdt?toﬁs%o caﬁ@gﬁﬂg%&gwggﬁ&é&g Qg}[d to
bear on ot her appirticlesdreoitatedpndar agomeyer daddyinghingltd BY miohitsted) rsthe like. Hand

war ehouses, and the |like. In another enbodi ment, the conbination tag of the
present inventi orheldodatertion doviges maumalsasheaised Aarinerogatipasewrce 402 Gypiralivhr ough

a magnetic respon dndi,catin ether th neti,c, features he ta
nad been act | vat digBR AP bR Sl h anpRRERAI88E L At erla DA el As
response (i ndi catde8éibetias @'fgl éohffdasﬁngﬁi_ttﬁ@%%e&ﬁﬁ@g Safol fefuBncyited Rer the
dat abase or the nenory on the RFID chip itself showed~that the item had
been approp?di at elipteprogatemssighipl, iTthe ipterregation izone it hiexystem 100ralsoanclodes @niabtedna
with reference to the foll ow ng Exanples. 30




0 4 DE C 2002 WD 99/65006 -13 EXAVPLES Exanpl e One PCT/ US98/ 23412 ﬁ]
conbi nation tag was nade in accordance with the present invention. 4 DEC 2002
"~ permal | oy i duced froman alloy available fromthe Carpent

Technol ogy%?ﬁ?@é‘?i on of Readi ng, Pennsyl vani a under the dé 'Té‘ﬂéa?ﬁzi‘)ﬂz
"HyMu80" was attached to a test fixture mantfl~actured by Single Chip Systens
(SCS) of San Diego, California. The strip measured approximately 1.6 mm
(0.625 in) w defbyedivilgossighi (HoWRhs hrténrlaliodKard®sokitifids 83ctified B9 a kQBRingThe
test fixture consisted of a standard SCS 2.45 GHz antenna connected to an
LED di ode The devil) @rd detsctde $0foe drosessingasignals pnodiscpd byitags irothe iRteddgdtibnGldpe
field strong enough {0 power a typical .SCS RFID tag the LED woul d gl ow,
provi ding an i medi a léeWFeé‘i%P‘éO'bst?queﬁrQﬁttTa&M an [EeTIoRAi} S‘%‘Fﬁ%ﬁ?i‘ﬁ By he

power recei Vi ng poLid : a&jﬁw I

antenna with t hlge %&ég ot‘&%héﬁ g%? na o§§1 fé%\é@gﬂcﬁg%ﬂb%fﬁﬁwﬁfﬁén@ﬁ%@g% @g do not
approxi magel y tiagrfeawith othetlagilicativas,andbecdusé the @ombly witic gsiehble gopanmeiton
of the prototype. 15 Exanple Two Figure 3 illustrates another enbodi nent of
an ant enna t hatregalatiens; Syben the exdin freguepcyaresponsye plamentisreiyesaryigterrgation s
frequency, a cojl - - k Se: i r
conprising the éé%rlwltl }{gfag?rﬁ%sre@%gwr?fe%aséé%%e?]%ﬁagig {hggf*’s‘g%ﬁ""g% yfgé Br.tétrg% Ogy,
ei ther by etchi g tcdtimsitedab defectoh 08 CBhe detélitér daebidsiibe redporbePrehifiedthe ta%
tluough a mask. The straight "arnt portions of the coil serve also as the
magneti cal | y re@ymieatly\based aarinformation stored indeedrgputer-@sashesrmenndry dewigad 88), and

| ength of .these tal.lic el.e ts jn. thi ry limts the ectiveness
of the mi8neti ctaggsca(ﬁt'f’f‘ a 8r°f’mi%€eh°°6lF SR %é%?e%ge‘} q%uf H@dg%ﬁéﬁ?sr@m‘e g‘r‘f%ﬁe‘fn
Figure 3, flux gRlehfakikABwRkSTRN S SRIIOM itktesh _ﬁkl_utdl?\?,ﬁﬁreﬂﬁﬁﬁle,h?s‘{ Zepagen
added to the antenna coil to overconme this limtation. The construction
shown i n Fi gur earBenwasi fat thepintsmgatiingsourasclod ded sheodepertort 106 inplase of theusyigle
described to tunrg thﬁ Qherat.i“nsﬁ Irequency of the antenna to the prescribed
interrogation f3iegte (98 appsllagiatedct eri stics of the antenna described in
this exanple were conpared with the characteristics of known antennas for
radio frequency integrated circuits, and 30 because those characteristics
wer e simlbar, iHLi $hdEbmbinetort Tt t he antenna of this exanple would

function adequately in such an application. 0 4 0 ~ c zoos 9/ 65006
PCT/ US98/ 23412 - 14 THE Svesia A %H‘%ﬁé‘ § dhscombingtiogdes %é/\gﬁt Y to

several enbodi : r i i LRt ]
appreciate t ha':Tﬁl %@f@t@?ﬁs ?%%gﬁ%ﬁ%ﬁé"’&f%@%h@ﬂ%wﬁg{ggb iahé’ké" %(;P ?r{sglle\gtl)é"%gt to
w thin the scopproefdettheadvantapés afboth. Thud, thEGv@ @l@ihents can be applied to an item of

interest at the same time, thereby reducing cost The combination tag may be provided

20 with a pressure sensitive adhesive covered by a removable liner, which enables the
combination tag to be adhered to a surface of the article when the liner has been
removed. In another embodiment, the tag uses the magnetically-responsive element as
an antenna for the radio frequency-responsive element. The magnetically-responsive
element, when used as an antenna, is electrically coupled to the radio frequency-

25 responsive element, and may or may not also be physically coupled to the radio
frequency-responsive element.

The combination tag made according to the present invention may be
interrogated two ways. First, the RFID interrogation source would use radio frequency
signals to request and receive codes from the integrated circuit. This information would

30 indicate, for example, the identification of the article with which the tag is associated,
and whether the article had been properly processed. Second, a magnetic interrogation

field would interrogate the tag to determine whether the magnetic portion of the marker



We' claim A conbination tag, conprising: (a) magnetically-responsive,
~detectable security elenent; and (b) a radio frequency-responsive eldn{tl(0]
including an integrated circuit that is reprogranrnable; the radio
frequency-r eapsaskoe €l ement having inforniation storage and bEashd/&ei20Nn
capabilities to enable an interrogation systemto obtain information from
the radi o frequency-responsi ve el enent, wher €ilf- t he radio
frequency-responsive elenent is electrically coupled to the

magnet i cal | y- r espssesibiyewad mnieat Ifahel mases asdemblyagascactieg the/inteesygatiai soarce would
el ement as at |east, part of an antenna., 2..A conbinatiqgn tag according to
claim 1 wherein PRRAUEFAEPLESS F@ﬁhraémwépwnéﬁgggmmmém@%h@ o8 RECIEPRS Ve
force, high per lokdobt Y wf -1 . : i i f
claim 1. aher ol nHpssel BeEhlOMoREkiche FRLRhLAon ifinork 1Fuifigith dBkRG, hAnd
coupl ed to the magdiefreq@dnky iterspgutioh the elagneris pordon dfhe combinidn @Y woal of
claim1, wherein the magnetically-responsive el enent provides dual status
informati orf. 5. Previ apcediseehritng Thes, theafeatutes offhethanagnetie andaRFID tags are
frequency-responsi Ve ecli%r’{ent. conunyni at is wi th a database to provide dual
status informati GATPECE FHR 2 et WIPA of claim 1, wherein the tag
includes a programmblig , Fererryd &hEsmment! ftcoribatidf fagdH@hdes tadhabhetically-
inforn~ation. 7. The conbination tag of claim 1, wherein the radio

f r equency- r esponsespengveeetementithatlalsdefenciionans theyantedna ifiltke cicovitrynof themdiag of
claim1l, where the magnetical,ly-responsive el epent .conprises a high
permeabl 111y, | oW eGHERETEIROPsind Flsetly T 190 DoRdncrRs, tepgtenng miteRabmest 00
9. The conjy nati : ' : [ [ . '

ci emont consi ot s PR mahlc boerciiBRiRar NEh FAERls Atk P EIBTE Koo

10. The conbi nat ieffitiéndgecufitycéiament), andieydetate tdidghrelgeteitdl @ahductivies Qo fiicien as
element is athin film 11. The_conhination tag of claim1l, wherein the .
antenna is an el ddeficent apem)eln &@It‘%éh%%??meg@tqfé‘w anigpnamust by ¢anppatible with

wherein the ante j Oir ) +1.: 1§ o I j . J
the tag further @gﬁp@lﬁ%tgosngaII'E‘:ghﬁ%éﬁ%c{rﬁe@ﬂ%?ﬂ%%%g%‘?%g?l?%xﬁmtp gégB% b(r:l a?{nﬁﬁ@,
wher ei n t he capagieirfallolysarpallbysifmidikel @d immpaci tor. 15. A system i ncl udi ng

t he conbination tag of claim1, wherein_the syst further conprises at
| east one }hterrogati dhogpgmbedimept, aphd g%’f"@%‘%ﬂﬁ&ﬁ AFCHSILY $ARr LN he

system i ncl udes aeguiivgl‘:ﬁtrﬁx?%%{ij: ?l@m%ﬂp 'irﬁlﬁ bl Ysed gfﬁiﬁﬂﬁbbl@%nﬁenﬁ% té)roperate at 2.45

magneti cal | y-responsive elenent, and an I nterrogatl on source

i nt errogating theGHAd osihiilaghigh fieqaarpoThe Weagt, evdthtand thicknédseofshis steimacd
claim15, wherein the system further includes a detector for detecting, the
presence of the ¢8%HEHH Matehithg partigularrpperating fesquencyand oghet pharpgiensyies elghe n

Y, o o A S Gt A B8 S BRSSO e 2
tag of clakom 1, whetbei of doneces ighidinga€apentat Bpkcudlty Allpys, iReading, Pentiewdenthe trad:.
"6 ©0 4 oEC Zodmmed HMB 0T T AP BRORR OB U a5 AU ARG Ui D g b
a maximm thic kneéoﬁnﬁuy%@ﬁoqﬁgﬂg%?m, Ander T2 designation 2705M, and its length would be
between 6.35 and 16.5 cm (2.5 and 6.5 inches). The terminals of the integrated circuit
would be physically connected to the ends of the security strip. Electrical measurements
25 of impedance and power gain have established that such a magnetic strip provides the
same fundamental electrical characteristics as the copper or aluminum dipole antennas
normally used with such a chip, and thus it would be expected to perform both functions
satisfactorily,
When the magnetically-responsive element is used as at least part of the antenna
30 for the radio frequency-responsive element, the two are electrically coupled to each

other. Electrical coupling may occur because of a physical connection between multiple

elements (as shown in Figure 5), or, in the absence of a physical connection, by non-
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sheet. 34. The apparatus of claim25, wherein the tag antenna conprises an
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and wherein the ) which@@pardRGRARY coupi@t @dninnbh S22, t AfBRths 2oL htanglieddfect ri ¢
material. 35. An apparatus conprising; a radio frequency-responsive el enent
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material . 37. Anan%?r?n%(rs?%lcs r’na}(t: ge raldes Iop x%égnetically-responsive material. Other variations of
these embodiments are easily designed.
The overall thickness of the combination tag should be as small as possible, to
enable the tag to be inconspicuously placed on or in an article. For example, the tag
30 may be applied with adhesive between the pages of a book, and it is desirable to make

the tag thin enough to prevent easy detection by observing the end of the book.
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25 a radio frequency response (indicating, through the use of appropriate software, whether

the database or the memory on the RFID chip itself showedithat the item had been
appropriately processed).

The present invention is further described with reference to the following
Examples.

30



10%& ()-  &10%& ()- 10%& ()-dCqi K- KL610% & ()-210% & ()- F1 10%& §dc 100
I$10% & ()- ( 10%& ()- & #10%& ()-  10%& ()-, ~

i KL610% & MLO%GR' () - 10(10( 10(y; 10% & 910%

38" $10fy°i & (?dé&/@" f(')' " i K KF | 18/@& E) (smt(yé& 0)- o1§<9L_1§)2>/os& 0)- §é?fﬂ%/%‘;‘1’%:"‘1’)2 y

10968 () $10938' () -L 13-

LOUGE' () - " #ViH\ ###$S$i K- Ky& 10968 () - #10%6&' () - y10%G8: () - S310%G8: () - y10%6 ()
© S10%GK 10968 () - $a$0SSSSEWS K- K. 10%G8 AMpy k0% () - 3+ 1046
10ty@&()(12&10ty@&(§) o ’ EXAMPLERYEX - 0
y$g10%6& () -f" 2 ERe@RIe(QndBE ' ' ' ' ' ' }si K 10%6& ()-' 10%8& () - 10GLOGLOGF: 10%G"

()- 8%10%& ()- 1 109G& ().-90#10%& ()-'" " ((c(**i K-K#L0%& ()- 2z 10%& ()-
L10%& () - #10%& () - M &atfc)n_tgg was made in accordance with the present invention. A
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strip measured approximately 1.6 mm (0.625 in) wide by 0.0254 mm (0.001 in) thick by
10.16 cm (4 in) long. The test fixture consisted of a standard SCS 2.45 GHz antenna
connected to an LED diode The device was designed so that upon exposure to a 2.45

10 GHz field strong enough to power a typical SCS RFID tag the LED would glow,
providing an immediate visible confirmation of the proper operation of the power-
receiving portion of the device. Upon replacing the standard SCS antenna with the
prototype permalloy antenna, the LED illuminated at approximately the same field
strength, confirming the successful operation of the prototype.

15
Example Two

Figure 3 illustrates another embodiment of an antenna that is believed useful with

a 13.56 MHz RFID design. At this frequency, a coil-type antenna geometry is
preferred. The spiral turns comprising the coil are formed from a magnetic alloy such as

20 permalloy, either by etching (physical or chemical), die cutting, or deposition through a
mask. The straight “arm” portions of the coil serve also as the magnetically responsive
elements in this design. However, the reduced length of these metallic elements in this
geometry limits the effectiveness of the magnetic security portion of the device. In the
embodiment shown in Figure 3, flux collection elements provided at the corners have

25 been added to the antenna coil to overcome this limitation. The construction shown in
Figure 3 would, preferably, include a capacitor as previously described to tune the
operating frequency of the antenna to the prescribed interrogation frequency.

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

the characteristics of known antennas for radio frequency integrated circuits, and

30 because those characteristics were similar, it is believed that the antenna of this example

would function adequately in such an application.
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(a) magnetically-responsive, detectable security element; and

(b) aradio frequency-responsive element including an integrated circuit that is
reprogrammable, the radio frequency-responsive element having information storage and
transmission capabilities to enable an interrogation system to obtain information from the radio
frequency-responsive element, wherein the radio frequency-responsive element is electrically
coupled to the magnetically-responsive element and uses the magnetically-responsive element as

at least part of an antenna.

2. A combination tag according to claim 1 wherein the magnetically-responsive element

includes a low coercive force, high permeability ferromagnetic material.

3. The combination tag of claim [, wherein the radio frequency-responsive element is

physically coupled to the magnetically-responsive element.

4. The combination tag of claim 1, wherein the magnetically-responsive element provides

dual status information.

5. The combination tag of claim 1, wherein the radio frequency-responsive element

communicates with a database to provide dual status information.

6. The combination tag of claim 1, wherein the tag includes a programmable memory

element that provides dual status information.

7. The combination tag of claim 1, wherein the radio frequency-responsive element

includes a battery.

8. The combination tag of claim 1, where the magnetically-responsive element comprises a

high permeability, low coercivity alloy of nickel and iron.

-15-
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film.

1. The combination tag of claim 1, wherein the antenna is an electrical dipole.

12. The combination tag of claim 1, wherein the antenna is a coil.

13. The combination tag of claim 1, wherein the tag further comprises a capacitor.
14, The combination tag of claim 13, wherein the capacitor is a distributed capacitor.
15. A system including the combination tag of claim 1, wherein the system further

comprises at least one interrogation source.
16. The system of claim 15, wherein the system includes an interrogation source for
interrogating the magnetically-responsive element, and an interrogation source for interrogating

the radio frequency-responsive element.

17. The system of claim 15, wherein the system further includes a detector for detecting the

presence of the combination tag.

18. The system of claim 17, installed in a library.

19. The system of claim 17, wherein the system further includes a database having

information about the combination tag.

20. The combination tag of claim 1, wherein the tag is associated with a library material.

21. The combination tag of claim 20, wherein the library material is a book.
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23. A roll comprising a multiplicity of the combination tags of claim 1, the roll enabling

automated sequential application of the tags to articles.

24, The combination tag of claim 1, wherein the magnetically-responsive element is
responsive to an applied interrogation signal in the range of 50 Hz to 100 kHz, and the radio

frequency-responsive element is responsive to a signal in the range of 125 kHz to 6 GHz.

25, An apparatus, comprising:

a radio frequency (RF) transponder (tag), the RF tag comprising a tag antenna, tag
electronics for storing information in a codable and recodable memory and for communicating
information to a base station by modulating reflectance charatcteristic of the tag antenna, and a
tag power supply; and

a non linear magnetic material connected with the RF tag, the non linear magnetic
material generating a varying electronic article surveillance magnetic field when the non linear
magnetic material is 1n a magnetic field sinusoidally varying with a frequency f0, the electronic

article surveillance magnetic field varying with a frequency having higher higher harmonics of 0.

26. The apparatus of claim 25, wherein the tag antenna comprises the non linear magnetic
material.
27. The apparatus of claim 26, wherein the tag antenna comprises a first wire electronically

connected to a semiconductor device incorporating the tag electronics.

28. The apparatus of claim 27, wherein the first wire comprises non linear magnetic material.

29. The apparatus of claim 27, wherein a second wire cooperates with the first wire to form

the tag antenna, the second wire comprising non linear magnetic material.

30. The apparatus of claim 29, wherein the non linear magnetic material is coated with an
electrically conducting material.
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32. The apparatus of claim 31, wherein the non linear magnetic material is coated with an

electrically conducting material.

33. The apparatus of claim 25, wherein the tag antenna comprises a patch antenna formed by
a dielectric sheet having a first side and a second side, a first electrically conducting material
attached to the first side, and a second electrically conducting material attached to the second
side, wherein a semiconductor device incorporating the tag electronics is electrically connected to
the first electrically conducting material, and wherein the non linear magnetic material is attached

to the dielectric sheet.

34, The apparatus of claim 25, wherein the tag antenna comprises an electrically conducting
wire antenna electrically connected to a semiconductor device incorporating the tag electronics,
wherein the tag antenna and the semiconductor device are attached to a dielectric material and

wherein the non linear magnetic material is attached to the dielectric material.

35. An apparatus comprising;

a radio frequency-responsive element comprising an antenna, an integrated circuit for
storing and updating information in a memory and for communicating information by the
antenna, and a tag power supply; and

a magnetic material connected with the RF tag, the magnetic material generating a

predetermined characteristic response when the magnetic material is in an alternating magnetic
field.

36. The apparatus of claim 35, wherein the tag antenna comprises the magnetic material.

37. An apparatus, comprising:

a passive, unpowered radio frequency-responsive element comprising an antenna, and an
integrated circuit for storing and updating information in a memory and for communication
information by the antenna; and
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38. The apparatus of claim 37, wherein the tag antenna comprises the magnetic material.
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