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clainms priority fromU. SC@WMM“ serial number 09/134,687, filed
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el ectronic devices placed on or in an article or carried by a person of
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comonly knpwn as t agShiopatemapicstionthai@s priorith romIa St applicetion sertdl ourhber
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magnet omechani cafefereasgiigrein  equency (RF), and ni crowave. OF these four,
magneti c systenms have provided the highest |evel of security in nost

applications. Magnetic tags are easily hidden in or on 25 an object,
difficult b det &gﬂ@\ﬂg—é&&@hey are |l ess susceptible to shielding,
bendi ng, and pressur¢)e in@tofAtNest ap}tiRftidnY B Faddd HedubRG il atRtiBatioh TREIBNY
provi ding a high degree of security and sonme infornation regarding the

status of the tagansand partisulagyintheyterof syth sptansipdibeasigs.desire to know nore
than just whether a tagged 30 object is present. They al so want to know
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often used in retail or library environments to deter theft or other unauthorized removal
of articles. These devices, which are commonly known as tags or markers, have in the
past contained only information regarding the presence of an item. This information
20 could be obtained by electronically interrogating the tag, either intermittently or
continuously. At least four distinct types of EAS systems have evolved over the years,
based on how this interrogation was carried out: magnetic, magnetomechanical, radio
frequency (RF), and microwave. Of these four, magnetic systems have provided the
highest level of security in most applications. Magnetic tags are easily hidden in or on
25 an object, difficult to detect (because they are less susceptible to shielding, bending,
and pressure), and easy to deactivate and reactivate, thereby providing a high degree of

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

Many users of EAS systems 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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optical bar code systemhas certain limtations. Bar codes nust be
visible, which limts the locations in which they nay be placed,. and bar

codes can eag*}é%/llaﬁzobscur ed, either accidentally or intenti@Rgéddi¥ss: The
range at which a detector can sense the bai2-code is al so conparatively
smal . The bar code may also 5 have to be appropriately positioned for
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barcodes. RFID systens have succeeded in providi ngﬁcob' ect Ldenti fication

and tracking, b@tposedtopermitdeteption, thehagsprejsfysceniblite damagethatyraissuli e ost

RFI D systems 15 QperfhGailuies’ THHERGNipleARERIur e Pbtesall GndQ\ie. iThesthi Ch t he
tag is easily defeated. The security deficiency associated with radio

frequency tags archessinisefaugeds fstems ankpthemuspesspbiegr ingficiepdpr wfnpl e,
covering the tag aﬁélfcgti&s%ﬁgas%a fi‘ilnE?(bﬁ fgi!l, or even placing the tag in
a book. Even battery-powered racil 0 relcyuméncy tags may be bl ocked, although
their rangd0is superior and bl ocking would be nore difficult. Thus, objects

20 tagged with an REl i Q.0RY, SRGARE EHASLMORIOShEDRE: malBdugichent |y o

intentionally. This gre ces eir e eness as security
devi ces. RRD nar kémmsfication at REID) teshuitpend haee besmdeveloped tdsddre@dhdlingitatioasel and
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tagged object. | smuidsg,bel at defictent inhpeoidingiobjtoy sandtytbecankd most BFIP Kptesnpar t 25
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a0, LoV DaSSHl P 208 SRR Ay b PRSER GRRFLAES
placing the tag in a book. Even battery-powered radio frequency tags may be blocked,
although their range is superior and blocking would be more difficult. Thus, objects
20 tagged with an RFID tag may escape detection, either inadvertently or intentionally.
This greatly reduces their effectiveness as security devices. RFID markers are also
related to “smart cards.” Both contact and contactless smart cards have appeared in
commercial applications. Smart cards tend to be associated with a specific person
rather than with a tagged object. Issues related to the security and tracking of the smart
25 card (or of the person carrying it) are similar to those discussed above for RFID

markers.

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

"Dual Frequency EAS Tag with Deactivation Coil,” describes a dual frequency



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

i nproved their performnce as security tags. U.S. Patent No. 5,517,195
(Narlow et al.), entitled "Dual Frequency EAS Tag with Deactivation Coil,
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tag that includes an antenna circuit . having- 3a diode, and a deactivation
circuit. The deactivation circuit responds to a | ow energy alternating
magnetic field bynicrowdveEAgtag thay inchuges dnrantenna eircyi daving & fiede sndnAeacdyationi t
so as to disable at ag.
Al t hough usef ul 5&%?#3%3“%0?(2:0%? ?gﬂg%p%q satg clgkgam ogég&gg%%%&gapggb sed
in Narlow et al. mrhymgeazhltmee@thmde Of:ﬂhang@n@\mcult sores to diggbilecthe é'@d¢ ehdsheise

the type di scl oodbite HEAS Pl RRURE Moy BRleRy KrOHERclfon, W02, B0
magneti c el £nent caphbitorrmgeuiatg disddsedbnNarkdw etrab nalydeak eleictrigalahargd Ovar tiget ag
when it has been UI t abl.y net essorth%)% vi ce, and thereby

db
bl ocks the radio% @cﬁ%h&uﬁe %ept%éeb%‘?rxet ?afgw?atg unigey t hese tags have a

certain utility, they still do not address the issues of enhanced security

and identification. frequen i dentifi atlo ol o
devel oped by a nunberﬁg‘ﬁj %rgq'tﬂ(g%bgﬁgigs OFWEFWG H‘@lo 'Bﬁco#] E'Fﬁeﬂt%é‘? ga%ggg?u S.
Pat ent Nunbers 5 (ﬁﬂ)ﬁte&gg aﬁﬁﬂclu&e 5515g&ﬁ5):1cm7&&x The aghetiv BRMeR alteehdduSing of

Pat ent Nunbers 5, 347, 2 d 5, 541, 604) ron/ Phi lﬁﬂgﬁ Sem ¢ nduct ors,
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U.S. Patent Nurrbembtysthszsﬂb@znotsdgm theqssuespfmphangeshsecusitnand idessifisaton. * ang
Sensormatic Electronics (see U S. Patent No. 5,625,34 1). These tags all
attenpt to provide renpote identification without the need for a battery,
They operate at freqBedie|fr@suernahgipwgﬁwhwamgloma&hgemdwslomby aEnbeper
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20 IBM (see U.S. Patent Numbers §,528,222; 5,550,547, 5,521,601; and 5,682,143), and

Sensormatic Electronics (see U.S. Patent No. 5,625,341). These tags all attempt to

provide remote identification without the need for a battery. They operate at
frequencies ranging from 125 KHz to 2.45 GHz. The lower frequency tags ( ~125
KHz) are moderately resistant to shielding, but have only limited radio frequency

25 functionality due to bandwidth constraints. In particular, systems based on these
markers generally operate reliably only when a single tag is in the interrogation zone at
atime. They also tend to be relatively bulky and expensive to manufacture. At higher
frequencies, (typically 13.56 MHz, 915 MHz, and 2.45 GHz), the added bandwidth
available has permitted the development of systems which can reliably process multiple

30 tags in the interrogation zone in a short period of time. This is highly desirable for
many product applications. In addition, some of the tag designs hold the promise of
being relatively inexpensive to manufacture and therefore more attractive to a

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



30 tags in the interrogation zone in a short period of time. This is highly
desirable for many product applications, In addition, sone of the tag -
designs hold the prom se of being relatively inexpensive to manufacture
and t her ef ore,nore. tractive to a customer. However, thesgi@beiss:
frequency devices share to varying degrees the WO 00/10112 PCTI US99/ 17851
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ant enna sysiem i Sintegregating tledRFTBatg rdeterine the ddeptifylrdtheamaterisd sHowenead  wit h
an RFID tag, and optionally a magnet.i c,.securi el ement.. T I nd
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DESCRI PTI ON OF THE DRAW NGS The present invention is described in greater
detail wth refergpoeRMARYIGFETBE ISVERCI®d Fi gures, in which |ike nunbers
represent |jke structure throughout the se al .views, and in whigh
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system. The RFID antenna system is used in connection with items that are associated
with an RFID tag, and optionally a magnetic security element. The devices and
applications are described with particular reference to library materials such as books,
20 periodicals, and magnetic and optical media. Other applications for the present

invention are also envisioned.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in greater detail with reference to the

25 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
30 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;




30 identification tag; Figure 3 is a schematic top view of a conbination
tag; Figure 4 is a block diagramof an RFID interrogation system
interacting with an RFID tag; WO 00/10112 PCTIUS99/17851 -5 Figures 5, 6,
7, and 8 are Wodeggsiati ons of conbi nation tags accordi ng topehessspnssent
tnvention; and Figures 9 and 10 are.illustrations of enbodi nents of the
present invention. 5 DETAILED DESCRI PTI ON THE | N\/EI\FI'I ON The enbodi nent s

of the present |nvent n d be make use
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by reference into the U S. application fromwhich the present application
clainms priority. A det aj | ed descrl ption_of the magnetl c, RFID, and

conbi nat i on3t ags RERALED RESCRIBIONORTHE INVENTION i nent s of the present

invention is descri be@hb@m@&ﬁhbﬁﬁ‘oifme P@L&an&ﬂﬂnhb&nh&fﬂé@&h ARk $se Of RFITE
present invention are then set forth 1n _detail in Section 11, below 15 1.

Tags and El enent sagsepnd peienaplyiof combiantine RFIDmagpetis sprusibeiaes. | Tage Rt thisiypea t ag
used with the embodi ARObSdH U@"%pbl"@éﬁ&; S&MA ﬂ@ﬁﬁér'd@ﬁf% 190, Fe&i 1uRds, | 1bo8 ae! ow,

may incorporate both object identification and eff "ectlve security in a
single device. Ta&tedH é@é‘ﬁ%loy Tag ¥ithdénhareed Sequeityt,” whigh wiagassigagbiadheve to a

magnetic 2Qqi ntergg o‘?fhe?!r&@rﬁlmve A wab ﬁi@@i@iﬁ%&g%keéféreﬁéﬁmréﬁé yg to a
radi o frequency 1 nterrogation signal. I'n one odi ment, the o
magnet i cal | y- r espappbdatien Ebwrwhich the prgsenpepplicatios clahes privridsn A détaitedidescriptichi o
frequency-responsjg ; 1IN P -in the context
of the present i n%gﬁetrﬁ%@?ﬁ{)ﬁg}ﬂ:ﬁg%@gh%m% ¥ %Qéd X%OHJ{H:\C? gﬁ?ﬂté?’ﬁ e

i nf or mati on when subvdmenesodfthe mpeseatpmeopon 1a'descnbﬁden Seg@mnil.dreldw, ehdjthe The 25

i ndi vi dual el enent ismen slq%ﬁ})eep?esgntfane%{lon ar ex? Eet?dx{rnjvﬁlgtﬁlgﬁ §ecg tl on of

a conbi nation ta resent
i nvention 1descri bed in Section |1, beI ow, may i nclude either an RFI 1D
el ement al one, OrI. a Tags and Elements For Use With Embodiments of the Present Invention

A tag used with the embodiments of the invention described in Section II,
below, may incorporate both object identification and effective security in a single
device. They preferably include an element that is responsive to a magnetic

20 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

25 individual elements are described first below, followed by a description of a
combination tag. As will become apparent, the embodiments of the present invention
described in Section II, below, may include either an RFID element alone, or a

combination of an RFID element and a magnetic security element.

30 A. The Magnetically-Responsive Element
The magnetically-responsive element is preferably made of a low coercive

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



conmbi nation of an RFID el enment and a magnetic security element. 30 A The
Magnet i cal | y- Responsi ve El enent The magnetical |l y-responsive elenent is
preferably made of a | ow coercive force, high perneability ferromagnetic
material, su ? Be material used in the strips sold by gdhashd/igasot a
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udi ng U Patent Nos. 5,331 313
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dual status, gepend;ﬂ& onh the nature of the article with W 1M(éh t he

element is aSSOC|C3(Jt"m§nY orrigsowApINX undes thedesigpations Mstalas BANM ang Metgls o1  es
are not to be rengygd fromthe library, and thus a single-status
(non-deacti vat abl'e) nmarker woul d al ways i ndi cate whether such a book
passed within an interrogati on zone. Ot her articles, such as common library
materials or commerci y 10BL&EE (g,gp%pg Y,
so that when the artﬁJgFe % §lcablgﬁ}xsp()ﬁ}sql‘%J‘ &Bﬁ‘ggggé{e e mark err may be
appropri ataby deepérdingtoadhe ratyse eﬁ/tbmmdetvetdntwlmh tbeyelﬁrh@t isaseqctagrgattoon

source. Dual status functi.on r. #

addi tion of sectiBALPISCHPAS ere?:%ebro 8‘?5\/'?? hahel Jrg?& o4 ,%ﬁ, (AVMH?&H% ﬁf)gh%’ mty

to the | ow coer C|anu&})ugmggketstamusrtamedeaetivatahke) dmdccrwbédalb@p&)mdlaatd whﬁ&hertsn@

Pet erson patent referenc rta n

el enents have theaelﬁ’ﬂf‘lpﬁsffp‘f’gmgw Y‘&eﬁroﬁﬁboﬂéf)re ﬂ%laen‘%egﬁugﬁa;&wabm
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KHz, for exarrpl e),, and to uce a predeterm.ned charact esponse
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material in proximity to the low coercivity magnetic material, as described below and

in the Peterson patent referenced above.
20
Certain magnetically-responsive elements have the ability to switch magnetic
orientation rapidly when passed through a low frequency alternating magnetic field (50
Hz to 100 KHz, for example), and to produce a predetermined characteristic response
that may be detected by the receiving coils of a detector. The switching function of the
25 marker assembly is controlled by the magnetization state of the high coercive force
elements, or “keeper elements.” When these keeper elements are magnetized, the
ability of the marker to magnetically switch back and forth within the alternating
magnetic field of the interrogation zone is altered, and the marker typically is not
detected. When the keeper elements are demagnetized, the marker can again perform
30 the switching function, enabling the interrogation source to detect the presence of the

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



ability of the marker to magnetically switch back and forth within the
alternating magnetic field of the interrogation zone is altered, and the
marker typically is not detected. Wien the keeper elenents are
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ref erenced above. Becayse | ow freguency netic el ements of this type are
difficult to shi &Pigtroys Tajiei%?’dﬁlgRFOIElﬁ%);BﬁﬁEFf%etﬁqbp&ti vely used on a wi de
variety of itenms when security 10 is inportant. In addition, they nay be

deactivated and reactivated nore convenient|y, conpletely, and repeatedly
t han markers enpl oyi nBeeusrdewiiRguensy Ragneygelsmentsakihisdyre diefiffiqyitdo shigld ap| e

for use in certaig) ARRlctiER It May(RUHRRIIy ST & d Rk vHIRY 6f itdMsSwhen security
characteristic is highly desirable. 15 B’ The Radi o Frequency-Responsi've
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i ncor porates an Lo : I he tag
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battery limts the useful life of the tag. In addition, the battery adds to

t he size aqgi cost of gt hl% ag. FARassIe, 429 g%HeXtes the energy needed to
power the tag fromth cy field, and uses that
energy to transmt reRpihsgs coceithyr actiedulpassivagAt intive tagédanmeatést ant enna
presents to the i Q%ﬁr rﬁ?gat i ng fiel d%astakbeﬁhebyinffat ngdul at i aﬁ) t ﬁg sirlgnal
reflected back t GOEHEY B SORIPEHALS 2 SPREY; MIAHRT 18 FARYHCTOL FBIE Y i t ed.
Because passive tsa@se pérmitpacive RFHE tdgoto dreaty/andprahintibdtiong sespbize sippdimeved e  of
the discussion will be confined to thi.s.class of tag., Those skilled._in the
am however . wi| | resions where tﬂe %nterrogat(l)ng ra&xo frequency f?eld 1Is vgeak, an8 alus an actfve ith
20 tag can be detected at greater range. However, the relatively short lifetime of the
battery limits the useful life of the tag. In addition, the battery adds to the size and cost
of the tag. A passive tag derives the energy needed to power the tag from the
interrogating radio frequency field, and uses that energy to transmit response codes by
modulating the impedance the antenna presents to the interrogating field, thereby
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



recogni ze that these two types of tags share nmany features and that both
can be used wth this invention. 30 As shown in Figure 1, a passive radio -
frequency-responsive elenent 10 typically includes two conmponents: an
integrated circuit 12 and an antenna 14. The integrated ci gQVi des
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PCTI US99117851 circuitry to permanently store the tag identification and
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radio frequency energy . radiate an i rqgati on Sour ce. i s signal
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the case of tags operating in the lowto m

commands to the tag. The antenna enables the RF-responsive element to absorb energy

20 sufficient to power the IC chip and thereby provide the response to be detected. Thus,
the characteristics of the antenna must be matched to the system in which it is
incorporated. In the case of tags operating in the high MHz to GHz range, the most
important characteristic is the antenna length. Typically, the effective length of a
dipole antenna is selected so that it is close to a half wavelength or multiple half

25 wavelength of the interrogation signal. In the case of tags operating in the low to mid
MHZz 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,

30 but other conductors, 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. Additional information about antennas is known to those of



Nl Hz region,(13.56 NfHz, for exanple) where a half wavelength antenna is
inpractical due to size limtations, the inportant characteristics are

ant enna i nductance and the nunber of turns on the antenna coil. For both
ant enna typeswox0@6li£! ectrical conductivity is required. Typrosdoyssinetal s
such as copper or al um num woul d-ibe used;, 309but other conductors,

i ncl udi ng magnetic netals such as pernalloy, are also acceptable and are,
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the antenna for Xl 'mum’ener transt er itional information about
antennas is known to those of V\D 00/ 10112 PCTIUS99/ 17851 ordinary skill in
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to the indu® ance Huzwperé&cwmf%s %f"@Hﬁ%@ The Sanasieinteiected 8g theh Kpep poup

conposite Structyife in@hcysile E%Svndlad hengm}QhﬁE?esoﬁa%t ﬁ:ecl_?eﬁég%%etcﬁ BpEsife! N
Farads) L = inductance (I nries) closely natches the desired operating

frequency of the mguseygt\’émy The capacitor may also be a distributed
capacitor as described in U S. Patent Nos. (Tait et 20 al) and
4,578,654 (Tait et al.), which are assigneg £§_3 —Di stributed capacitance
is desirable to reduce tag size, particularly hi Ifess, and to m ninize
manual assenbly. W eoperation, as shown in Figure 4, the radi o
frequency-responsivé tag 110 is interrogated by an EAS security system
100, which 15 typi cal |§=lcomatade ((edaraiie poi nt at

= inductance (in Henries)

closely matches the desired operating frequency of the RFID system. The capacitor
may also be a distributed capacitor as described in U.S. Patent Nos. 4,598,276 (Tait et
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



25 which the tags are to be nonitored. An interrogation zong may be

establ i shed by placing spaced detection panels across the exits fromthe
roomin which the tagged articles are |ocated, near a conveyor carrying
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in the formof rea nce nenory, but nore

of fering the userth&h@lﬁﬂténnayo‘tthatnepbatw y update the nmenory by revvrl ti ng
its conteq%s froma distance. The anmount of nenory provi ded can vary, and
i nfluences 'the 20 size and cost of the integrated circuit portion of an
RFID tag. Typically, hMdidemeRFIDA&:s at:btpmv&hdig‘ﬁffﬁarhiamumﬁ of wermdccessibiermyenway, be
provi ded econom ca

| | vai | abl xas
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20 size and cost of the integrated circuit portion of an RFID tag. Typically, between 128
bits and 512 bits of total memory can be provided economically. For example an RFID
tag available from Texas Instruments of Dallas, Texas, under the designation “Tag-it”
provides 256 bits of user programmable memory in addition to 128 bits of memory
reserved for items such as the unique tag serial number, version and 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



25 informatjon, and the like. Simlarly, an RFID tag available from Phili ps
Sem conductors of Ei ndhoven, Netherlands, under the designation "I-Code"
provides 384 bits of user nenory along with an additional 128 bits
reserved for {Rgoishior ementioned types of information. 30 Thisudsarss:
accessi bl e nmenory may be expl oited:to. enhanekl-t he performance of an item
identification system depl oyed, for exanple, in a library environment.
Presently, libr arbmmdédianhlirﬁry ahtoaram'orbyerxécralohAHgoﬁWarepwheralmdnaenmbre The

uni que identifier. .contai i S barco e i.S Us
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a connection to tRirnAdAsPeh the cRIGIRNGH datddBselceh Edrftiddes Bdquiré Af GHabRbEaBK 161g0M
the circul ati on database can sonetinmes require an unacceptably long _tine,

particul arly duri Hgegarticslady deringnerigds fheavgyuset By F‘ﬁ@“&‘i—?ﬂ?‘&l"ﬁ“ﬁ"tl ftemEaf itens

of information opedhatisidtnt RIMD %tﬁbt%fm&e%nmxmstcaﬁ bORRreae. be overcone.
10 One exanple of information which could inprove the performnce of a

library idéhtification systemif present on the RFID tag itself would be a

ijbrary, i denti £l oat | ononsaRele of Hirith bhRHL0R GESSIe fertihaRESEs 6y

items "home" library cou conveni ent det erm ned
si nply scanni ng t llentiation syisiem, lfﬂnmlh@!‘rthiBFﬂkwﬁpqsdfwﬁulﬂ ¢ o Hbrary léﬂ’t'ﬁcatlon
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whet her the itemwas a e, an au t ape, sone
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specifiedl the 3 [ P C l e from
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type, a library’ sdmmngmlvheﬂ&r ﬂ&nagmasmtboskzsat\edm tapeydmhudivgepesa CRaor smei t em

conventence. of  BORGIRT L HiF G it derrmbienrries flrialf s & 8¥0edin, o
of information sutlie3M Stahdard Inteciiapgs Brotoosl, whith istalvgilablel fion thbassignese bf thbe
apparent 10 t hoseprsels%nlt ln%gnt{on Eiy lmmealately knowing the media type, a library’s material
20 management systems could insure that an item was being appropriately processed
without incurring the delay and inconvenience of consulting a remote circulation

database. Other examples of information suitable for incorporation into the RFID label

will be apparent to those skilled in the art.

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

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

implement with barcode-based identification systems.




25 Another area in which RFED systens offer an advantage over barcode-based
systems is in the identification of nmultiple itenms. By using sophisticated -
software algorithnms, RFID readers and markers cooperate to insure that all
items in the reader's interrogation zone are successfully jdentdfigd
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devel opnent of nunerous useful applications in the areas of 30 inventory
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the present invention,may be, 15 interrogated wavis. First,.the RED

i nterrogation sodf¥anssAeRt &nd RaY o T?%&]é‘ﬁ%@% 'ﬁ%@l csouPlggEroeﬂd%ré’sP and
recei ve codes fr drqtidieyraspegivatersehend. rcuit. This information would
indicate, for exanple, the identification of the article wth which the tag
is associated, and whether the article had been properly processed.
Second, a magnetic i mhetdmigrition fagfmhade dcovbdinghoitind fresenigateatiohmay by t 0

det er mi ne whet her, the netic rtio .of the marker assenbl S
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interrogation field would interrogate the tag to determine whether the magnetic portion
20 of the marker assembly was active. If the marker assembly was active, the
interrogation source would produce a response, such as a notification that the marked
article had not been properly processed. Because the magnetic interrogation is more
resistant to shielding than the radio frequency interrogation, the magnetic portion of the
combination tag would provide enhanced security. Thus, the features of both magnetic

25 and RFID tags are combined into a single combination tag.

In a preferred embodiment, the combination tag includes a magnetically-
responsive element that also functions as the antenna in the circuitry of the radio
frequency-responsive element. To serve both functions, the antenna 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
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gain have establis hat suc magnetic stri 8_ rovid he sane
fundament al el ect betwesn 639eandd 6 SrcmsiScand 4 inghes)c bﬁéﬁfmtﬁﬁlsafﬁ‘mﬂﬁﬁ&ﬁtewlmlte

antennas nornal |y Hﬁﬁ’ge 3;5 %n&t@qb% &‘sdot{tffbus%cdrhymg Fle@@ichpect ed to

perform bot h functions ctorl he nagnet | l'y-responsive
el ement is used ameatxrehsatstof impetangé ammvemg@mha/e egi@blished thatesugtpaiinggnetic strip

frequency-r pons Lye deﬁ tﬁg?a%e ﬁuttcﬁ%e}nW%&Er?ca%h%?#(ehgt S la?’th%% eFtSjr athﬂmgﬁﬁ h

ot her, ElectricalP'e8l connect1 on
between nultipl edlﬁdﬂemamms ﬁmaﬂhosﬁd with sk¢lgaichép, 2pd thms ;t womldtth@xpm@dm@e of a
physi cal connectlon electronagnetlc coupling (as shown in

Figures 6, 7, andP%5 fm%éwq{’)%%'ﬁ? Sca?(i%%%h ng can include parasitic coupling,

capacitive coupling, or inductive 25 coupling, and use such antenna
conponents as parasit i&/hgnntrl'lg nmre]lg'ne%ca%@?respohswreeg]clegé:nti Is usecp as at least part of the antenna
20 for the radio frequency-responsive element, the two are electrically coupled to each
other, Electrical coupling may occur because of a physical connection between
multiple elements (as shown in Figure 5), or, in the absence of a physical connection,
by non-contact electromagnetic coupling (as shown in Figures 6, 7, and 8). Non-
contact coupling can include parasitic coupling, capacitive coupling, or inductive
25 coupling, and use such antenna components as parasitic antenna elements, reflector and

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

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

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



director antennas, Yagi-Uda antennas, or other suitable antenna
configurations. The conbination tag shown in Figure 3 includes coil turns
made from magnetic nmaterial. The tag could be, for exanple, a 13.56 M&

tag having a a structure 30 such as |4c in which flgpeaaad]-B&tors
are provi dedr\gﬁ%/ﬁ(’gﬂcor ners to inprove the smagnetic function of the tag.

O her types of flux collectors nmay be provided. WO 00/10112 -14- PCT/ US99/ 1
7851 The conbi nat i on Thagordéinibe g 203h&wginTeguve b ieludelesplysipit s nmzation
connecti on between the antenng 22 .K\/ni ch i?ﬁgade % magnet i catl | -rﬁ onsi ve
material, and t hedetWesD Hi§2aient %% Whigh s masle obmagngficaifypres g%beerpagrll%,nag S or
the type descri bggte@RRHQir@itSIQ, OFeYr MereadBer €ldmefs bitfie type described above also
magneti cal | y-responsive material, so that it may g

f ( . he selecti Vel%ﬁg ac}i vat ed
and deactivated traYJrecwpled tathe magneticaliyitespongive mhsrialnsodhstdt may-deshlseiyein

Figure 6, Bowevepfyvhd M@UcdelVaddsptideduectfes the THQnicmEaahesh iFigid t
12 or the dipole antenna 23, but is nonetheless electricall gh cougl ed to
€,

the di pol e ant enrfahpyevsaisint physicaldy granectedon Hheiiprgereisd srans der nation
tag 20a. The di polpagi£ B{I’tﬁ; frohelFBi¥ss &&%gfﬁoﬁf?leﬁ _l&?{l’he G‘%_gféqﬁdeﬁﬁd lLpraFa@gilaons' ve

materi al or non-nagnetically-responsive 1 erial. Figures 7 and
i | lustrate enbodidieale eouplingihipedyidedraombinatioroas 2¢m e dipoleantegna [y B ded t o

electrically coup ' : : Gkl .

combi nat on ¢ ag. J0RPLGLEThRERAINE GpSRe Safera GRR HoHEIclly 1elbeile

di pol e ant dAna 15m@eMml. whi ch is parasitically coupled to antennas 22b.

Ant ennas 22b are nade of nagnetically-responsive material, and antenna(s)
23b may be nmade of magnetically- responsive material. In the conbination
tag 20c shown in Fi guiFéguBes 7aand adliuwtrite espbiedimynts meslpcnsoneehaml cppemtenne22tihe

type shown in Figure 2 is parasitically electrically c t nt ennas
22c. Antennas 2239’8?86%8859‘8?3@&8\#@? ?”ggla?t)eﬂ']ﬁéé%boaﬁ‘gizé r?orségéél??lgl ?n tzlfgd 20
antenna(s) 23c nesnibénatiadag abb shagnét Figatel 7y integsipaidicuie 1 ZrmtladésalipolGinitanna
variations of these enpodi nents are .easily designed. The,overall thickness
of the conbli%nati ﬁ t‘éfg‘rggﬁt?ﬁﬁaﬁm lyéﬁ“@?’?ﬁﬁolanég"ﬁﬁg?’gi%Iﬂg}"af ga 2hab eeOtt he tag
t o be inconspi cuoksdngtiqalipeapomive dfatdrial, and @nénnals)E23bmary bexaadp bfmagredcdlag 25
may be applied wth adhesi ve between the. f a .baok nd_j.t.is )
desirable to rrake’efﬂﬁ’@s'i’%'@at?rml'nﬁb'ﬁgﬁ%b'?%'og?@ﬁ?hoév s'{}gl:%{eeégtair drllo fisuency
observing t he endregfoniiticelOndk of thE€pip¥ eifiwn0in EFgutdBis Py sitiella plectoical iyadoeplyd ©. 5
mm (0.02 in) thick, and _the overall thi ckpess of the taR, S eprrefeJabI y

l ess than 0. 635 nqﬁtqnee}s@z& -,Aﬁt)epnas 22¢ are made of magnetically-responsive matenal, an

20 antenna(s) 23¢ may be made of magnetically-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
25 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.
Conventional ICs may be approximately 0.5 mm (0.02 in) thick, and the overall

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

30 The combination tags of this invention may be provided in roll form, to enable
the automated sequential application of individual tags to articles. This general system
is described in, for example, PCT Publication No. WO 97/36270 (DeVale et al.).

Individual combination tags, one or more surfaces of which may be covered by an



30 The conbination tags of this invention may be provided in roll form to
enabl e the autonated sequential application of individual tags to
articles. This general system is described in, for exanple, PCT

Publ i cati on Ngg odNg127/ 36270 (DeVale et al.). [Individual copdimnabiae tags,
one or nore surfaces of which may-be-coveredsby an WO 00/ 10112

PCT/ US99/ 17851 adhesi ve (such as a pressure sensitive adhesive), nmay be
renoved from t he adhsisive grudh asgopredsens sensitive adhesine), pay be repfoved fiovithe neland j t s

bi ndi ng. A page [ aGido t [ i ong of the
conbinati on tag, %g,ﬂgagt@%gp é&“{’ﬁgﬁ@@‘é@ﬁ%ﬁ@%kﬁ@‘rﬂg Ata%a%%ﬁ‘? gicf:a{e%n eb'egosi tion
of various conpompenideditmfachitatspsareon oftlye @mbmaben fag,canid dthdr offioThaick esdEnstas | on

or acessing of 11 by SO aBRktaf & AhoosRaotiit i B Rk HRant ikl of

this type gould be checked in and out nore easily, perhaps w thout human
assi stance. That is,

he terials ul aut omati cal | be, checked out to a
Tt ealar oatton (whahdeaTitin el vl o0 i tRBieS L, slthabEh Sk RS B hor
ligr aL y ﬁa(r]I d% \A/Eermhbbﬁ)ce@tnlg@mime,aﬂaerimrmugky rﬂaﬁ&iﬂlslﬂfhgln@ 2t RFED Edgwgt}ii@ne,
an checke aC I N n the tro re-enters thne 1.0r W t t he
materials. The t&¥e ngﬁeCF%%ﬁPiaaﬁowfsfagt&v:agwgﬁwwwuf agfigpance. That
managenent and angkneShaterialywaidiltbigichilpbedhyclad Gudtb 3 tpadicalhsSpation kekPmby ack

of materials instantaneously and conti nuousI%B These and ot her features of
the invent t®n cahersglf hays ap &8 asrocigied rthihet Bbreru£ardy when the PAtgsRassest i ons,

such as material §yBagHY duitbié Bet8ciioh 8Sne, antRhEIREYBRR in #REh thdBattdnkiEiented tRNOL her
enbodi nent, the conbination tag coul d provi de dual -status narker

i nf or mati on bot h librarowish the masesieds: iThe tagph diredeveptionameatisanysifia inyeptonhe
magnetic 20 feat : I\, i

through a radio ?’E@g‘%ﬁ’%&‘@gﬁrﬁg?gﬁgg e?@ﬁﬂ% g%%éyna%&%?ﬁggodgﬁq(?%ﬂe%%g@(})r}a%gls
appropri ate sof t westaatanegstyraad certiauelistya fdisse aod Og‘tﬁh%atm,engf?ie oventipa cRE|AD chi p

tsel f shoyed t hab,Lhge blEmaPBR BAPBHRRILAL Slok as ALAARS REMling AR

fol | owi ng anpl es provi st urt Inforfmation as to ags used in
t he enbodi ments ofarghiouses,apé teilibn. descri bed in Section |11, below. Exanple
One A conbination tag was made in accordance with the present invention. A
30 permall oy strip produced froman alloy available fromthe Carpenter
Technol ogy In another embodiment, the combination tag could provide dual-status marker

information both through a magnetic response (indicating whether the magnetic

20 features of the tag had been activated or deactivated) and through a radio frequency
response (indicating, through the use of appropriate software, whether the database or
the memory on the RFID chip itself showed that the item had been appropriately

processed).

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)



Cor poration of Reading, Pennsylvania under the designation "HyMui8O' was
attached to a test fixture manufactured by Single Chip Systens (SCS) of
San Diego, California. The strip neasured approximately 1.6 mm (0. 625 in)

wi de by 0.025 . 001 in) WD 00/10112 -16- PCT/ US99/ 1785J)-rxkdsb/ 510y 10.
16 cm (4 in) T4V8@°(‘%1e test fixture consistgd-of a standard SCS 2.45 GHz

antenna connected to an LED di ode. The device was desi gned so that upon
exposure to a 2.k &i20.16 ehd4 &) 1630 TRO R tIre camised ofa btyplach$CSSESS BHzD t ag

the LED would gl ow, providing an_l i gLe visible confjrnmation of the
proper operation Bfenpheonge @n P@E’anhwﬁw%waﬂwﬁﬂ 583541‘88‘?“ PpoHe
replaci ng the stagqars GIE6AS sesH@n¥ighio pdid altyiéaPEEH RFID tagithd DD uNNa,
the LED illum nated at approxinmately the sape f.i eI%td St rera%t h, C(}gﬁl rm ng
the successful opelpwtRreyidiae an immediase Yeiplseonitrmarpn of thoproney opprglioneotihe

i 11 ustrates sanot hejwef il eWingBBLtioRof e dBNEE MR N réAdcigthd@hdareST Lih@dnkid with t h
a 13.56 NHz RFID design. At this frequency, a coil-type ant ntrlgisgeog%ry

Ynq 4e

is preferred. Thisegistatype peimmaliay awarnai be kEDilhemisged ataparoxig

magneti c al | oy SU&Qn%g,ScoR@J JhQXuccggsIhhtg erdtdbn OF SR pRFoth DY Si cal or

chem cal), die cutting, or deposition rough a rmask. The straight "arnt

portions of the coil serve also as the magnetically 15 responsive el enents

in this design. He Twd he reduced |l ength of these netallic elenents in
this geonetry Iim%‘e—effectiveness of the magnetic security portion of

t he device.l0ln the efigud hitlnstradsanotherenfbiodinreat & an kihtgxnadhit ischeliped usdfelvatit s

provided at the c;g;gm rug‘?ﬁ%"nasﬂﬁgfge&“"“%?a%&i‘%@%‘)@%@eme‘ erconme

this linitation. o CONs own Th gure preterably,
i ncl ude a capaci t pefeasd. pTlewspinalsbrys @tnpiasmgthemed atecfotmaddranhe megaetia ailaygpuch
frequency of the anten

to,the prescri bed inter.r ion. f . The

characteristics of® p[eH'%aq@?ﬁ’te tﬁﬁr} Y %‘(‘ﬂ% (B!éyﬁlcglnor{l h?'%'cﬁg?ﬁpﬁggmﬁgr@gg%%gr ed
with the charact ethrqilgh 6 smask., Rieawaightrttaanhgstidne of thadoibsdrvecadsoen the magnetgally ed
circuits, and 25 because those characteristic re Sim. it is.
bel i eved thit t hereaPaRnSECems pithis desishn HPWRSE e FaReet et absss melelies v such
an application. Tiemamdadhisgsinfet9finiRehduiRei@Rhess Dfhaagietid ecariiylyedidael ow
may use either a tag .having only an RFID, el enent, or_ a conpination.taq,
bot h of which arethgdedss Bég‘e Hl?f?é’?“e“%s@o\“—’{‘ ‘"iéig‘érﬁﬁaﬂ‘g‘;f?p%%%‘g@mﬁ%? H°V‘degg
| nterrogati on Systh@Rbrners have been added to the antenna c;oil to overcome this limitation. The

construction shown in Figure 3 would, preferably, include a capacitor as previously

20 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
25 because those characteristics were similar, it is believed that the antenna of this

example would function adequately in such an application.

The embodiments of the present invention described below may use either a tag
having only an RFID element, or a combination tag, both of which are described above.
30

IL Antenna System for RFID Interrogation System

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

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



FRESTI

A. Ceneral . The present invention relates to an antenna systemfor use with
a nunber of itens of interest, at |east sone of which include RFID

el enents, In a WO 00/10112 PCT/US99/ 17851 17 preferred enbodi nent, the

ant enna syste‘gglog)ﬁ)llﬂdes a continuous antenna tape |ocated me@aeMsst he
items, in wh e antenna tape:is either -p& manently or detachably
connected to an M D interrogation source, software for processing the

i nformation obt @i’dfﬁﬁbdbyhbbhmeanﬂemh&nﬁa’:qyagmam&s ¢ omitinobusentehivathpelotatadat es
portions of the t nterrogation e to.obtain

i nf or.mation from g‘ﬁ?tﬁnﬁﬁ w%]h]éea" e&ﬁaetaper‘ﬁgg}éeggﬂg’%f'ﬁ@ or?gtg?lﬁplgs of the
i nv?enti on will bQoﬁi&St‘éﬂ tdaaemlrl mr:gﬂéﬁ*agh&bn sleiva iofﬁvdaﬁd forproéésting tighnfoiniution
applications are cert wi t hin the scope of the present venti on,
particularly conPa &k’ U‘éé‘“'&fmattﬁ%e ﬂ‘t’de%@ﬁ‘F llleﬁ\?@ﬁ?‘ft'dﬁ ‘€5 ROTHpRS 055}}‘?&%?@ an

inventory of |i breﬂﬁb)fe fht RFED $rit@fcaticinobiee to/ebtain Rufghmiation ﬁoﬂaaﬁagpwom of thhat
context that the

resent inventiop wll be described.
Conmponents. Sone t%ﬂe fl ﬁ@eébmﬁéﬁﬁtgfeﬂ%fgb? inKengion ‘fﬁ? gesgrét@pll%g,r eﬁ%ﬁ/‘s
optional in cert aRwaRlLGEEH dtRGApAicalidiB aRI RRARY Witk sQpe ome%resé%ED Tagged
Itens, The systemis intended to obtain information from and about itens
havi ng RED el enentvntioin p @prtipdgrhneonyenient pesrod thepresantdnyeation is frfeapdusting an
alternatively as) Sprary ReOd @m? VIBRhS it iCRERIyIR HaPPort ABhatthe t e
type descri bed ab%@m% % rt ¢ © ?‘% adgltf(l)n {ESYRF 5 ta{lgs an % he
case of |iBPary ma@rénm%htson\wﬂié)emﬂbabs may be | ocated anywhere on the
item though it is preferred 20 that the tag be | ocated a predeterm ned
di stance above the bottom of the itemso that all such itens resting on a
shelf will have RFID ystem Componenitsyefioglep! thegompenentsalgseriberhin thiPsasfienr mayd
RED tags do not ; sight of the RFID
i nterrogation SoE’rcgt“gngln1 %er%ﬁ E‘Bepnlc§t s ﬁt%g?}esed E’o Iﬁ%nfor exanpl e, on or
near the binding. Because the antenna shelf tape is powered, and powers
the RFID el.enments in 25 th S | er -ant ennas n the RFID
t ags, therégy decr easi ng b&ﬁﬁ%&—% ’i‘ﬁaysé%‘%{s '"@Xdeggb&fstﬁ'f‘ér}f BEHPR on
Sour ce. The RFI D from ardra;bg\atuems hs\ongREID elerndrit Whichetagrbedntotpprasd iat (addED
reader,"” or RFID dev ted tq interrogate an t
obtain infornati dﬁF ng‘ioé#tf’r(}?ﬁ’veﬁ' aé’ Thigfs aﬂé?/me ?’ﬂbcglﬁge"é?‘ tconlﬁ'ﬂ IOIQM ?g'gder
may be stati onar ptypeeidribbd ghove mag e asel @f drih alldltiorafdREID tagia i ¢hel cise ofibigadyhe
ant enna

materials, the RFID tags may be located anywhere on the item, though it is preferred
20 that the tag be located a predetermined 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 a 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




system of the present invention to interrogate the RTID tags. In other
enbodi nents, the reader also has an antenna, to increase the read range of -
the reader. A nunmber of WO 00/10 112 PCTIUS99/17851 -18 manufacturers mnake
RFI D readers that cgn read a variety of different markers. REbdp reader
coul d consi stYOP" Yo mander 320 13.56 Nf Hz1RFI D r eader, r'r)gﬁﬁj %J(:%téjr ed by
Texas Instrunments of Dallas, Texas. A handhel d reader m)dul e is available

from|.D. Syst e”ﬁndﬂﬂﬂ&br&ﬁﬁaﬂwmrﬁ{dh@@h Eémztdwanet\yttifahrfer@t mh®e@hThé has a
51limted read range due to its ower consugtlon wor ks well as a

portabl e reader. étaldéfrcotllééél@?ﬁ Gﬁi‘ omgandes 211 ¥ MHE REBRTfEhs as a
di scovery kit to M{lﬁctﬂ’t&i'ﬁy %kdsllh%meﬁg%mrageféas B hanRé1l kdaB& rhedulRQd

beli eved to be comrerci al |2|R%t e reader. Other readers that op erate at
hi gher frequenci @sailahlelfiotel P heysemaynder diei dgsimyasion - wsatsvt@hzalt@yshé S#nd

Antech’s 900 NI Rg; 5yg t&mar@?){u% if's W oWt %Ui%[xﬁts)t%n' yvoﬁéé@x‘eh%ph Bortdble reader.

i nterrogation sources hers now nown or Subdequently devel oped, my
be used with an Anofhenreadesunit is ayibablgrfeoan Bhitlipnasn disrovery ki waek wirhePhillips

L er 1 9gat] on_SOUHES maPESRUATfels RERILRRUEE: ARthdORiAR SR 2B e

descri bed herei n must errogat e It I nt erest
successful ly, t heeqdanstthatui)emte arttlgtmnﬁequapmesci&u@nhet SlngieChtprﬁylstemﬂt”é(ﬁHZ |

depend on the interroga and is

the RRD reader. THRUE™ §‘E ?Gh %Pﬁ@% uﬁﬁgggeercgkqlml%l:c';l@aa&% a%Eel)e ant enna
system degogn pama:m@aebmoardes \oenghendmbtvlknuw:t ortsnbnqdramtlyﬂeve&péd \myebc u@dce t he
RED r eader obtains_ i nformatfﬁan fromthe

process and st or eV 3PRPRTHElY AEENER a%f*”??&ﬁh‘g?ta% Tclé@i ‘8'(?"8%\5{0%0“”50%%5: e“rse

This software is twRED @adeh ey tho@aéra tdpe deseablarmeritdmss boeowgehdryo
interrogate the ta s, The soft\/\/aBsglssend@B&a&?ests and conmma ds f

host computer to 'WHEOSALEAHE) Of {Lergsh SUeCess ‘?aBttFuBéF%ﬁ‘H’?é?@ ﬂ%f'é%ﬁt us

checks fromthe rigpRekented Ml depasticsn tﬁ@ftﬂtéﬁw’galon&}eﬁ@enﬁﬁ&néﬁém@mﬁmfdamres)atjﬂ fy
that the comTands sent to an_g}wrom &he reader.are v

responses. 125 Af the RFIRrepgey fiang; specitie stafememsofaiversg acc?ﬂﬁé’?ﬂ%‘\}?“é@ SW

transmt the |teraes,g,dgg}amétb,gatel\@@dlmcgﬁmt]a;@n to a conputer having software
provided by a library automation vendor, or LAV. Anobng approxi mately 50

current LAV software systems are "Dynix," which is available from
Areritech Library Servicess0§ofify C’G)née’ttl?é’RFIbG@d'dler obtains information from the RFID

tags, software is used to process and store the information in a manner selected by the
20 user. This software is used to interrogate the reader and subsequently interrogate the
tags. The software sends requests and commands from the host computer to the reader
to obtain operation parameters and status checks from the reader. The reader software
also has safeguards to verify that the commands sent to and from the reader are valid

commands or responscs.

25
After the RFID device reads the RFID tag, the device may transmit the item
identification information to a computer having software provided by a library
automation vendor, or LAV, Among approximately 50 current LAV software systems
are “Dynix,” which is available from Ameritech Library Services of Provo, Utah, “Carl
30 ILS” which is available from CARL Cort)oration of Denver, Colorado, and “DRA,”

which is available from DRA, of St. Louis, Missouri. LAV software enables libraries
to manage the flow of library materials through the library, and includes databases

related to patrons, library materials and their status and availability, and the like.




30 ILS" which is avail able from CARL Corporation of Denver, Col orado, and
"DRA," which is available fromDRA, of St. Louis, Mssouri. LAV software
enables libraries to manage the flow of library materials through the
library, and {Rchisies databases related to patrons, |ibrarycgptenbahs and
their status and availability, andithe:tike:19%0 00/10112 PCTI US99/ 17851 4.
Antenna. To facilitate the interrogation of the RFID tags, and the receipt
of information fromthose tags, the present invention includes an antenna

systemthat nay be either gontinuo and is thus referre as "RFI D

shel f- tape," 5 "antenna shg-!—&tg%%?ﬁ’ %?‘ﬂ}aﬁfs'ﬁe ‘“éqﬁ‘é’lg?tmt“a?ﬁé}w,q\ﬁﬁ&ﬁjharﬁﬁge shel f
t;’ipﬁ ishn?t necesl&ae:giptloﬁnfaﬂhf €6n Kt@m&ﬁosﬁ\'}a_tgb'l, th@gwemﬁng@neﬂ incRflescinSGfihd NUOUS,
al t hough for ease o nufacture, applicatjon, and operat] ont j nuous
antenna systemi fssyﬁ'tﬁf"gg?tl'ﬂi‘y%feé‘f‘l&’ F%‘H‘.““"‘RI(F‘P#Q‘&gWS f#@'reﬂr‘%éw_%rﬁﬁﬁﬁ_g@ﬁ?%n can
be ef fectuatsed Wi tatedhsSheRtfpe 20E RBNGRoIS dape Whbhghfe sHEFIAeiPRA nbdekdarilyef er ence
to a continuous antenna tape for conveni ence. %n one enbodi nent, _tags

havi ng RFI D el ene#ihesivgas Withdagulas t3n¢). opiscapinuqys.cfthough for eapq of granpfagture, eng i n

a given area of i RERBh,andBFerAYnGURIRIOBS AntdrAP Systein IsQBANANY prier@ near the
| ocation of the itens. The antenna shelf tape is powered, preferably by

avai | abl e AC cur rliougiyshepresprs imentivn cap be sifectyandayitalisraeiansonnag itrpflbe
nterrogation 15 gQkfied wifhirtRheedo s chitlrioR elﬁisaﬂ;a ¥ ick B BHlbadec area, of

mul ti ple sources), that source Is then quic e to gain information as
to the preslénce or absence of the item and the identity of the item

opt i onal 1y for comar g Lokt J0AYGwnd R pLAXROLATLER B gronduct o

frequently, or even continuou Icularly use
libraries. 20 Antpefeeabbiedl df thedpesiisa givensres of ie@rest akd gutamea shelfaapet indmyatxk

install ed on one, nore &’Tb n.one he Vves in a
he

or. all f hﬁ] i ven ,area of
ntecest. The am 2hitmes e BluBagr il Tl aptehgs SREES: aded ety £

RFI D el ement s, whavallatiedGeesgertth®hey dredlHIDpagsare integogedl HyanREID ittheogdakibiD

el enents i n t he tags 251%09 at elld 0wirtg tlﬂe IIli brary rraitleiei al S tEetagerr Sigl hat
require |ess powel  ES TS ST SPHreedRiging FIILC &rge oL Pultple SRRTR BFt OB Pher 25
t han use a handhethen gckineable tomin ipfosmatsonkay to thelipresghoabr dbkews ofxhe iterhfand tieach
other, a group of, ite may_ be .read .or scanned qui ckly Jd.n gne operation
usi ng the ant enna'df'é{ﬁ%g?‘h&ﬁ?'&h"l’&ﬂ'?@wé%' CQMRpRTEOn Q2 lg’%ﬁadf%t’fhgmwenw&gan ©
t.racki ng and i nvegn@idtedfrequéiybor elbBuiSontiiousyPRhieh Brpagitladeh &filimRbrafest eal
time what itens are stored or shelved where, which would greatly sinplify,
anong other things, library inventory. 30

20 Antenna shelf tape is illustrated 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



The antenna system of the present invention preferably functions in
proximty to a variety of types of shelving materials. Shelves constructed
of wood or plastic can affect the antenna tape, but the design of the

ant ennas can bg OQF"?Q |y adapted to WO 00/ 10112 PCT/ US99/ 178%ksosfyséir operly
account for tW erent dielectric |oadings applied to the antennas, as :
is known to those skilled in the art. Adhesive-backed antenna tape coul d,

for exanple, be mgRhy ecohM féiife diffBRAEdiElesriobadini-appliclth the aafeatases.is | n sone
li braries and data centers

, .metallic el.vi 11|l be present. It is
therefore pref er d5PRn f"rfﬁ?setsh'grg‘g‘rﬁ‘tt&rl% g&ﬁﬂvﬁgﬁg%@%‘?"ﬁﬁ ef?}ﬁ&xf?rkexf"ﬁple’ be
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., 1 ncl
exanpl e, the addimgtdlic gelvipegyill|bepraserd. BptberpforeRefera @é@t%aﬂ@ai‘ﬁ #R&Pe The

particul ar sdesi gfaspRAYS Wotk ih Qr&nﬁiimo%?etmsfh@m%n%eth\eﬁabéucmmr@met he
operating frequency selected for t'he antenna shelf tape. For exampl e,

conpati bi ity wi tantensatapd weuld beysed on agetabshiel, nrapes anfernaclesigy 1auding iPrt he
ant enna tape avayeh o hgiRhdk a dafkiic sHRENART, Y bedbRiied LTRpaitul0 . O

inches) for RED systens operating at frequenci es at or below approximtely
13.56 Nffft. AbowdesigBregairdditp hptimize perfrsmancagyvill depehd omthy operptingtfraguensy e

utilized in the anten i o] Lot : . : nna
aystem o al'terRsred fr SRR UL RS RilniB BabRINIRFLin Mol RE RS
antenna tapé overcouldededoksd b spagingtiee wteshd tapk aveaytfrom thio anete! shelf, prslips bpr

other library materials. T r at [ Gl I ndi Vi enna in
t he assenbly nusta%ﬂlgaezslacﬁ" &aélg%ﬁ%tf‘ér %H\‘/jaﬁyﬁtg‘gg é%a?tgxg%ﬂg%g{\c#s%ﬁ?tg” . The Q
val ue descri bes tdperogineitdly ¥3.$@MELr Abbve thes MHzahashelvingrtsal g efféctivhlg beosss,

efficiency and bandwi dth of the.antenna. An 2 I

depend on ot her c‘gﬁ‘ﬁ%ﬂgﬂfesa"bep"at (F]eéxgg?g{]ger%omg ﬂ%gﬁi\e&iﬁﬁggﬁp %ﬁ%l"gﬁﬁs%r&g’, t he
Q val ue of any i ndltemak@adesign foanieedh sleelvaes s0ald bt edhase the ahteena tapesveptha boaks
source, and_the sigpal ndw dt h required ne interrogation el ectronics.
In one enbadi nent?“qgﬁﬁ‘eﬁﬁtrg‘%ég?%ge {EJﬂOk? ﬂfe"%i‘gfémmi“ﬁvaé%u on includes a
control 25 circuit that enables the reader to coordinate its interrogation
with a specific, activated partion of the antenna tape. That is, the
reader interrogates REDOPEGE Lty faghy tht"lgie?"te?b"e‘(?iatﬁel ‘?f*‘?‘ﬂ’&r@ﬁft ha¥e 37he
antenna tape and Qghatd\Q valnd, @k FihbwA irf the it t THRSE vileddescrivesl thcla@atity factor of

interrogates RFID tags associateq with di fferent ref erabl y adj acent)
segnent of the af¢ ﬁ&a’taafﬂﬁﬁsurﬁﬁg"@éosérﬁ 'CW%a?dgﬁf‘ﬂu‘é’@th ‘gﬂPeeﬁ‘“é%P%dA"t‘o as

addr essabi ldot y, agdqiabteq G808 wehid 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



30 circuit may include a nultiplexer circuit. Addressability is
particeularly useful for nonitoring areas that are too |arge to be
effectively nonitored by a single antenna, although it is possible for one
| ar ge ant ennaygygifp to interrogate all items of interest apcro§6R7851Nder
such a singl e-antenna system theg-intefroégatdilon source woul d be unable to
WO 00/10 112 PCTIUS99/17851 'L21" determ ne the order of the itens, but
woul d be abl e t o diedrmimgiticcordéral teritemsbunmivoalll be able Bdaeimewiegenind whitthe
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Figure 10, the cdFfSoTIePresest {Rglg Routerst &% address out to the antenna
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tags, which woul d be neans, of th
si gnal. After one ant rf’ép]iag'esg’afg”g‘%lﬂétaﬁg?l?w&’f'&(g re@f’%/'r,oﬁ‘n% ?Ng(blﬂlf controller

increment, tsher ebyodg tdndah addiesd oiesithe MRARA Eitcalls. SBYIBAS spetifit mexmatmma
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reads, for exanple, "the |ocation associated with i 't ens t hr ough t he

second section reiagememtetheisbyadtivptingsnsys, speeifiedsagment ofithe mtenAz pghTRO. t h e
third section reagds LhGoLRG&: ﬂ[%l}gﬁ?g&edgﬁtﬁ%%é te tﬁ@ﬂﬁDlt%%st RIS wifly th

so one. This arrangenent is Il In Fi 10, and is descri
further det®i| befegmenti@dFaenr Banmdadeyrabla to meelnw maangnsgoftaﬁﬂcwﬁlﬁenmerrs

twce ( Items 9, 18emén?s s@ﬁxgt tﬁQ rsi &c{n{]\ reao%bgyg(a%meqacaﬁ&pasp&lm H{'lrt for

by the software, and Insures t are’ properly interrogated at
the junction bet \Aleélmtahtlérthaseeb@rﬂem® redds thmd@datjoradtssmami wipoisens s té;rquah 20,

| nterrogate specil gy ﬁ‘%%’c'l%mréadﬂheﬁ‘&afé‘& a%?o%%tedavpg-. ,Y"'résh@%ro?%h%ﬂ, %@S@?ﬁi&ng

circuit by, for exanple deactiva
segnents of the Bos MMmtuapmt&equneﬁgwallbyandThdescrdmdhrdfubbercH@nﬂ belpwsi npl e

swi tch. Addressabij articul arly useful ter ual
order of 1M er rofretirineRar sEidaflingthd e lismr Brist e B PRI I
with specific it eiwve daempleddsl esaediinted thyr b?gdtBé)soWl'd;lSnd ingiraasadll pamearet 0
each antenna el ene I.f ther re no 25 switches on the ot rrents
TR o el PRy et O T ot Pifuantii Qongnet 1EMOaE e B s
fraction of the opgsiblelto pou@ipatbepeaificsgthentsofanaitemiaqagntithotirisultiplexiag ng

E: gﬁt Iprnagﬁgl ![ ;EZ\ O%;crung 9 Istngex%%]eégl nan;'r gglvgt? g anI t gg:u{'atﬂ%ythose gé%ments o? the

20 antenna tape sequentially. This could 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 no

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 disrupt any of the

addressing circuitry. At the demarcation point, the circuitry for connection to the



30 predefined segnents for use on specific shelves. One exanpl e of
continuous tape would have demarcati on points where the continuous antenna
web could be cut, provided that the cuts should not sever an antenna

el ement, d*@ ﬁ any of the addressing circuitry. At thg ARH-§ALI ON
poi nt, the Ci y for connection to the ¥® 00/10112 PCT/US99/17851 -22
reader coul d be added by a sinple nmechanical connection or electrically
connecting to theadena&ﬁlc(tft aaa@afyiats'waleyneemrmhe@nmna.ecrtélm)cauy%onmmmgtdwer

end of the tape woul rmn on ta | he‘Iy (rtgger of rrents
The 1St ti et Hattabe capieiey epdTeddnisfod Miohd faf WIS TaE B BER L0 o
det ermi ne how NMaR¥misdiSn fsiglif§ IR Hubar 6f dhenines Nt firstfifle tHaethe icireuid is
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mul ti pl exi ng ci r(?HIPPYS?)d‘"(’:'BHﬂ@Etﬂ“o‘F?t?Umﬁﬁ et ’64 %Wé‘b&%"bﬁgﬁ?ﬁ‘g%ﬁf ¥°be set

up and ready for giSent ddd tﬁéﬂ&kbi@ﬁdcﬁ&b&d»mesearlfBEpeamhénfguﬁagrdomw des

addi tional signal strength to 10 interrogate the RFID taﬂg"& he ant enna
tape supplies RF esmaygd: thomultpleyng eirenit aph sennectionfie the sgpderglggtranipeendd be
subsequently rea t&mdt,@ag?‘f&luwer by a handhel d device or by the antenna
tape itself via't antennae in the tape. The tape adds additional RF
energy so that a handhel d or shelf tape reader unit can read the tags with
greater efficiency. E@,@fﬂ r{ge.@t F’:”m} ol d@Riohs s@nhagkitG
anplifier placed in serleogfé\gme'? ; reader ?g%‘g 21|n8 tgﬁlnncre%ée t he
power goi ngOto t Hateangatetha BFBhtagh&he antenna tapd suppliesdiS entreydp grragizperssellei ng
or anplification | LUEDGNS th

i gnal . 5. Syt eri BELGATrAl Bl 0By rdy BB SEADEE HURARLHENYS e

i nterrogation 2Cangnoa tapﬂitsemviathgated:raaet indhe w@pe. dFie tageraddsadditiona) R&p’pﬁ"@pm ate
LAV software. The nte a A e our ces)
could al so be reoq] é‘d’apcﬂ‘ @o({r Ee?ﬂ%%e read&r umPca? ?ead%e ésl‘m}] %E%%%Zetrﬂl(i:cg%e%urrent
di fficulties caustbtiny emb@dientwl sreplidithtomiag bhdnaRF amplaﬂcrrcplaad:d in@knes mathgee and

bul ky, and are expensi.ve rroduce, A continuoys nt enna

oati oyt ndneed e uRa PSS E e Ap R nBdS 1R aRShRE A0 ' B I fpsed
install, 25 and cagnabprecading ecadplificdlign dhthk v@anaighalab kep mmﬁheath‘élretmnd:ggree
of resolution, for anple approximately 12 cm (4 inches) or less for a
13.56 Nfflz systeﬁ‘ﬁ“aCVth appropriate hardware and software, the inventory
and |l ocation of itens in a given area could be conpletely autonmated.

5. System Integration. The antenna tape would connect to interrogation

20 and controlling electronics and, in turn, 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




30 In one enbodi nent, an RFID asset inventory system operates at an
interrogation frequency of 13.56 N41llz, which is in a frequency band that
is reserved for industrial, scientific, or nedical applications. Wth a
sui t abl e changg gomoigt enna design, this invention nmay be apptusditssia w de
range of frequencies and appli cati‘ons.: The ¥#3-00/ 10112 PCT/ US99/ 17851 23
interrogation anplitude is preferably | ow enough that magnetic nedia,
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As described furt i fene [ r eader,
control circuit, %E%HPO‘? k@gbyfépg%&cvg@p%ﬁéﬁﬁgbﬁa% %?Oﬁ%g?a{é EJQDI ated with
a specific 5segneetctomagaaticiconssoh regolatioma t ape, or nay be associated with a
hand- hel d or other 10 RFM device that is attachable to and detachable from
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to a first segnenfo™P ‘t‘“FfB aﬁ‘?P@H%SYP%'é%{W& e&f,st'l“{)’aeftg eaé‘r?&'ai ﬁé’w a specitic

di sconnected and %gﬂﬁﬁ@drﬁébtbﬂoﬁarﬁéhﬁsﬁqbsldﬂﬁm?@lmﬁélaedﬁvnth b Raritiedoreotherpe. | n
a 15 | arge, fuIIy autgmat ed appli.c t| on v@ere %e‘l e nunber of antenna
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read all the tapeémbaauhaa; wﬁér@@smgle%ntemﬂﬂ?aeﬁ?@éé@'for&ﬂrare‘ébﬁﬁ ihtefosC 8O SudAl
conput er could then control all reader the entire system |n another

enbodi nent of t hedgtprhaneps B#, bearaured Dinrsvodneatsoyhsreseultiplg pigepatapes prfgised, a

antenna tape syst g@ﬂta{bfé reAfePhPERdRAndhNR 18 Y HiF € gég\MethNltxe Ahrdahy ﬁh@ ad activated,
connection. This 20 contactl ess 6%stem woul d i'nclude a hand RFI D

devi ce that woul dandrmﬂtdwewted@ pAnaecied th aguecessive segreentsil Hhg aﬁl{fng% ®pe-olfid
provided t hfSOUQhOHﬁ e g@y%ﬁt%ﬁiaﬁﬁ abﬂfc?t‘icﬁns‘\ﬁhere A Rfe A6 of YRHAA thies bR&Is&AT® as
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i ncl udi ng r educedthgesamayaredbne ecadergissigried t@ymeelﬂp aggn tp tepbalbihe tapessipdlad arep,i.e.

coupling i th mil bhlefac BLARERCA cdmraf DioBith O8lITRE o roPil BYRS Bhd nBOGENA

t ape and interrogation system ra In Figure rtarn it

of interest | t hr systgm. 29 aacutberambadlgenlt afithegingintidrf, 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 hand-held 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




300, and each includes an RFID el enent associated with that item . Antenna
tape 3 10 is secured to shelf 300, and includes individually addressabl e
antenna el ements 312, 314, 30 316, and so on. For applications in which the
ant enna tape‘r, (gl%‘?]chabl e fromand attachable to the renwichadRsy@isit he
system a port suc as port 320) may be pr2aided. It should be noted that
portions of the systemindicated as being detachable fromthe antenna
tape, including rde'&d@rrearﬁ39a a@deﬁr&@lR&démountaﬂc{gatesrﬁy abienrei ejdmeantsd et r eam

or WD 00/ 10112 -24- P 851 eam
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Control circuit 340 prefe i ncludes, a Jrul ti ui t
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on. The informatiggabidhqed oay reader 330 may be transferred by suitable

means, 10 inclu |ng W reI ess or wired connection, to a conputer 350 that

i ncludes software and a database 360. The softvvare may be LAV software or
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Interface, an ant, ecﬂvr%uelll grtlt%rlrna tlements. These units 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 a
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;

¢) assessing interference between adjacent antennas; d) evaluating the influence of the




design, and a nethod to pernit the addressing of individual antennas on the
tape.. Third, wite conputer software to permt data acquisition fromthe
antenna tape, as 30 required. Fourth, denonstrate and eval uate the
performance afobdm@ipr ot ot ype desi gn in the desired envirommanisedyssif or
exanpl e: a) mapping the radiation pattérn o%5an individual antenna; b)
determ ning the maxi numread range of an individual antenna; c) assessing
i nterference bet skadvingdpeksesit., adacernathe r@)ieretmqmerqqgonmforrnancg@hwesgmgt he
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fromthese mvesh(gﬁ‘%l ons to deternmine the optinal antenna spacing and
geonetry. 5 RED & tape may al so be used for applications in other

mar kets. Fog§ exanple, the systemcould be adapted to | ocate speci f| C
RF-tagged itens in a |on of . shel v Vld ta audi o t

conput er di sks or tapg'gf,ﬂgﬂﬁfaaé’lgé“agﬁsf’rbfa gg OIARR aggnsqfﬂﬁg‘e?ﬁ“&rl}fftse ounter in
a commercial or goanele)tRnystemdaila be eduped to &hespepm:emuaggedlﬁmappd ¢atlagtioans

i ncl ude 1 nvent or e temtracki n l.ogi stics asset sort n
bor sone of - oki 11 oF EVRESEET tapps, Pt by ribfisr pREA G iget ios 8RS RERARE 811 Lhe

speci fic inventiop W%dt &b@f&dn Bes@mercRl 6 gverimehthindats dehRr. SOBREyodntisihe
present i nventl on. 00/ 10112 -26- PCT/US99/ 17851 Wé claim 1. An antenna
system for 1Qse wRBHICRHABIACIdE {nvEROR THTaBeRFat. dRmeerEing legittice. and giiersertinet he
antenna system COEREAsSHE kil thee Bh ViR REHRel ?éahlzéaﬁ&tvaﬂ&?on%nm'sﬁ&nﬂ@y be 5
selected to facilitate the interrogation o¥ he RFID el ements adj acent the
sel ected ant ennapeytiany digglorebergindrealso Qlthlfrﬁt@ saPRecaf e Psgpertdmvetione| ai m 1,
wherein the antenna systemis provided in the formof a longitudinally
extending tape. 10 3. The antenna systemof claim11l, wherein the system
conprises a power source separate from power supplied by an RFID
interrogation source. 4. The antenna system of claim 1, wherein the antenna
system further



15 conprises: (c) a nultiplexing circuit for selectively activating one or
nore antenna(e) for interrogation. 5., The antenna system of claim 2,
wherein the antennae overlap along the 20 length of the tape. 6. The

antenna syst aim1l, wherein the system conprises at Joagbo@fg coil,
hel i x, di pol SU%?J/W?II& ostrip patch antenna. -26 7. The antenna system of

claim1, wherein the tape enables the RED systemto determ ne the order of
the itens. 8. Thayadliignna systemof claim 1, wherein the RFID tags are
substantially sinmultaneously interrogated by a central interrogation
source. 30 9. The antenna systemof claim1l, wherein the tape is energized

and activated by a hangh@ahtehddydtem for-use with items thilleachShiibde 4/ IBRidsent,
REPLACED WO 00/ 10 112 PCTI US99/ 17851 -27 ]10. The ante[\nna s%gt ﬁn}\Of | ai m
2, wherein the anthgsithe aenna systam compsisessmyulipls antepnia) 4t g5t ope RE VAR MY P

fastener. 14. Th@el@d?écﬁ@’?ﬂ:ilﬁytﬁilﬁrﬂxt@rfro%ih&l 50 tAORFI @ érRénts ddfiRedMhesdRated ape i s
magnetically 5 attachable to a netal shelf 12. The antenna system of claim

10, wherein the anewsfrlby apBFH2devicel ayer of adhesive for attachment to a

shelf 10 13. The antenna system of claim1l, wherein the systemincludes an
RF anplifier to increase the power of the signal produced by the tape. 14.
The antenna system of 2cThg sntehna systeredficlaimg, wheseis therastennadtyale inposidedins. 15

15. The antenna ?ﬁe%mf)iloﬁ iﬁdmmlggyee%t%hrdﬁ%?%jenati on with an RFDD

interrogation source and s cessing information obtained from
the itenms. 146. The conbi nation of claim 15, wherein the software includes

an al gorithm for detery 0 WMVREESE d43G 1! Whérkih ARy &6 lcbHffse@h foldt 2

pr edet er mi ned order; .
source separate from power supplied by an RFID interrogation source.

4. The antenna system of claim 1, wherein the antenna system further

15 comprises:
(c) a multiplexing circuit for selectively activating one or more antenna(e) for

interrogation.

5. The antenna system of claim 2, wherein the antennae overlap along the

20 length of the tape.

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

coil, helix, dipole or microstrip patch antenna.

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

determine the order of the items.

8. The antenna system of claim 1, wherein the RFID tags are substantially
simultaneously interrogated by a central interrogation source.
30
9. The antenna system of claim 1, wherein the tape is energized and activated

by a handheld unit.
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20 17. A nethod of interrogating certain itens that each include an RFID
el ement, conprising the steps of (a) providing a powered antenna system
having nulti pl e antennae, one or nore of which may be selected so as to
provi de i nforgtdRe S to the itens adjacent the 25 sel ect edcpps®An( €e) ;
(b) selecting a first antenna', (c) interrogdting the RFID el ements
associated with the itens adjacent the first antenna; and (d) obtaining

i nformation from t hosa0RFhdanednemeystesn eftoduirh 2t Whereinemsanaaipazeats attdhablibe 4 i r st
antenna. 18. The Eréhhod af, cl éiémtﬂf wherein the nmethod further conprises
the step of TH SPSFRFTMEAEMSEER' S REPLACED WO 00/ 10112 - 28- '

PCTI US99/ 17851 (e) using the information obtained in step (d) to update a

dat abase having infor jon about the.itens. 19.. The thod of claim 17,
Wherei n the. mothod 1 it naPs SUABE Pstetn SRR wWiprers tdaEna e & megdilli
the steps of (e) awatlablkitmgmatabseldnd antenna; (1) interrogating the RED

el ements associated with the itens adjacent the second antenna; and (Q)
obtaining informati on fromthose RFfD el enents about the itens adjacent 10
the second antenna. 2Q2 Theanm@hh et ofdiaihM01¥hertil &le@hftnid tap£IRS h 148EA t €M
is interrogated by both the first antenna and the second antenna. 15 2 1.
The met hod of cl adhgsive fosgiashanent oesheift hod further includes the step of

(e) determ ning whether the item belongs in the |ocation adjacent the first
antenna, 22. The method of claim19, wherein the nethod is perforned
continuousl) to 20 prdviTheantenas systemeof chiipriniherein theeyysteniinpiudenan RFens

associated with tarﬂ‘ﬁ)liﬁierrt%tin&élge t‘ﬁ@ﬁ&@& of the signal produced by the tape.

14. The antenna system of claim 1, wherein the items are library materials.

15 15. The antenna system of claim 1, in combination with an RFID interrogation

source and software for processing information obtained from the items.

16. The combination of claim 15, wherein the sofiware includes an algorithm

for determining whether the interrogated items are in a predetermined order:

20
17. A method of interrogating certain items that each include an RFID element,
comprising the steps of:
(a) providing a powered antenna system having multiple antennae, one or more
of which may be selected so as to provide information as to the items adjacent the
25 selected antenna(e),
(b) 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
30 the first antenna.

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

THIS SHEET HAS BEEN
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antenna | ocations. 23. The nethod of claim 19, wherein the nethod is
performed intermttently to provide infornmation regarding the itens
.associated with the first and second antenna 25 |ocations at desired
i ntervals. BEEN REPLACED
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(e) using the information obtained in step (d) to update a database having

information about the items.

19. The method of claim 17, wherein the method further comprises, following
steps (a) through (c), the steps of:

(e) selecting a second antenna,

(f) interrogating the RFID elements associated with the items adjacent the

second antenna; and

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

the second antenna.

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

the first antenna and the second antenna.

21. The method of claim 17, wherein the method further includes the step of:
(e) determining whether the item belongs in the location adjacent the first

antenna.

22. The method of claim 19, wherein the method is performed continuously to
provide real time information regarding the items associated with the first and second

antenna locations.

23. The method of claim 19, wherein the method is performed intermittently to
provide information regarding the items associated with the first and second antenna

locations at desired intervals.
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