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[0001] This disclosure relates to radio frequency

w0 deabidrorati on (RFID) systens for article maneBgEOS2U08/078308
and, nore specifically, to RFID tags. BACKGROUND
[ 0002] Radi o- Frequency ldentification (RFID)
t echnol ogy has becone widely used in virtually every
| ndustry. RELB TAGAYITHARMHPLEE D RIPRLEANGENNAG,

wast e managenent, postal tracking, airline baggage

reconciliation, and hj I genent. RFID
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or retail store. [0003] An RFID system often includes
magASIARNG RRG GRATE sPecHiislly o RIgPrtrgfor | ocat ed near the

exit of a protected area for detection of RFID tags
attached to the articles to be protected. Each tag

usual Iy includes infor j niquely identifies

the article to which |tr&$§%g?fé6©i\ﬂy The article may be

a book, a manufactured ite a vehicle, an aninmal or
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corridor. In turn, the tags produce a characteristic
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partidMYARDH {06 bInay Blsg BB pratidedifbethdiasidl@sur e descri bes an
RFI D tag desi gned such that the Iagris both covert and
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indicates that removal of an article has not been authorized, the RFID system initiates

some appropriate security action, such as sounding an audible alarm, locking an exit gate

or the like.

SUMMARY

[0005] In general, the disclosure describes an RFID tag designed such that the tag is both
covert and not easily blocked from the interrogation signal by the hand or other body part

of a person. In particular, the RFID tag is designed to have a long, narrow aspect that



on or near a geonetry centerline. In accordance with

the techni ques of this disclosure the UHF RFID tag may
Wh2000e$s561 han about 10 nmm (approxi mately 0.4 i PCHES)008/078308

wi de and greater than about 100 mm (approxi mately 4

inches) long. Mre preferably, a UHF RFID tag designed

in accordance with this disclosure would have a wi dth
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embodiments will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram illustrating a radio frequency identification (RFID)

system for managing a plurality of articles.



[0011] FIGS. 3A and 3B are schematic di agrans
illustrating an RFID tag attached to an article.
WO o®2RI87F1 G 4 is a schematic diagramill ustraPCHES208/078308
exenplary RFID tag with a nodified di pol e antenna.
[0013] FIG 5 is a schematic diagramillustrating
anot her exenplary RFID tag with _a nodified dipole
[0HH EHAS. 24 ophdB ar schematicsdiggramp dinstraingiamF Hadag attached to an
artiddd ustrating another exenplary RFID tag with a
nodi fi ed di pole antenna. [0015] FIG 7A is a schematic
[00dilhGI@mM IA hnib3B atd seherantat diegramx igstrating RFRBEID &g athtedao an
di fied di pole antenna that includes an exanpl e
art’frégq-ded di pol e segnent. [0016] FIG 7B is a schematic
(0FARRIIAM Lol dehilcl dhr 2 Of (Nt X TP Dl ar I 3 vl midiicd
nodi f1 ed di pol e antenna that inhcludes another exanple
dipotd ahéehndi pol e segnent. [0017] FIG 8 is a schematic

[ illustrati anat.her .exenplary RF|D Wt h.
(03I 6 o o AR GhEs ShReS Gerblay BFffhe Wi
mddifiddsdipait bi@n@xenpl ary RFID signal strength for an

RFI D tag designed in accordance with the techni ques of

[0G14] §1@i islagssherpatid dadrain ifpgating apetherrryemplrarg REPR tag with a
i ratin not her exenplary RFID signal strength
mofdbfl%e%z({ﬁp(aéﬁﬁg?%g desi gned in accordance with the

[0018¢ PG que $s Dfchthbsc diag@hoislusteatingQaaBEr Hcmpldrd RF¥Daag with a
Oggfaph dllustrating exenplary RFID signal strength for
mogifiqdrlipple aptemessthghiaeludes Acdmpkniobdedidingls sremeBEhni ques

[O(ﬁlfq EE(F%BJ' LsSCd ASHES: dihgugéljﬂlflﬂaﬁn%éﬁ%ﬁlér &%gfp@ RFIBRIL with a

rating anot her nmpl ary Sign rengt
mddifiedatipdrehchizegthdeiacigdechnothea cxaida fid dedlipbletshgment.

t jques of thjs . disclosure. [0022] FI 13 js. a .
W&?’ﬁ%ﬂéi s gsehempatisglisgray S %ieéwaﬁa ﬁgl‘r%f%vvlth a
mdXRerdingBtadhy, measured for an RFID tag with a

conventional dipole antenna as well as two RFID tags
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[0020] FIG. 11 is a graph illustrating exemplary RFID signal strength for an RFID tag
designed in accordance with the techniques of this disclosure.

[0021] FIG. 12 is another graph illustrating another exemplary RFID signal strength for an
RFID tag designed in accordance with the techniques of this disclosure.

[0022] FIG. 13 is a graph illustrating a comparison of signal strengths experimentally
measured for an RFID tag with a conventional dipole antenna as well as two RFID tags
having modified dipole antennas designed in accordance with the techniques of this
disclosure.

[0023] FIGS. 14A and 14B illustrate exemplary impedance changes as a function of
varying antenna lengths.

[0024] FIGS. 15A and 15B are graphs of exemplary impedance changes as a function of

varying length of a loop segment.



varying length of a | oop segnent.[0025] FIGS. 16A and
16B are graphs of exenplary inpedance changes as a
W0 ven#sss7 of | oop width. [0026] FIGS. 17A and RGBUS2088/078308
graphs of exenplary inpedance changes as a function of
an offset of the loop froma geonetric centerline of
t he strai ght seqgnent of the nodified dipole antenna.
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on of an offset of the |oop. [0028] FIGS. 19A
IOO%L{%(&%B are Smth Charts that illustrate total
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StfdRaconfigured to operate in an ultra high
frequency (UHF) band of the RF spectrum e.g., between
[0@20D Fibiz] ifldstBat b raviatiopretttuies sduestmh didu affseigdshe loop
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conentibgn] WoldanchnTayd BE aftehhL4dsigdned af ARBKRhEORth FRMechniques of
obj ects | ocated between the interrogation device and

thig fisclpRIr® tag. In particular, the attenuation from
obj ects | ocated between the interrogation device and
the RFID tag may result in a decreased signal strength

that is not suffi cIDETAFIED DRSTRIEKONN. For exanpl e,
a person's hand or other body part may bl ock the

[00'2'97 RFTOYAULAD SR BRpERAL inlah JRER %te ﬁ&fé‘&'wm? band of the
RF i en

D tag or reaches the RF D tag Wlt insuffic
RFEsypeegngo.te.g.[ 00863n TnMélztand ﬂdBHUHﬁa}Rﬁdeeagv@wdgmageS

1ncﬁ%§1|%é: gll?clggaggxg{qad{r%tgg a?1 gPe%gr %w&r altcg o | eliérrtlag&o 51ZGestand?lge like.
HowtRes &Eﬁ!ﬂ@ it G lLERb S dMaP bERltFedt %ﬁ%ham & obpB88bcated
tags that are easily | ocated. Conventional covert tags

beta\feérlz thephisappytianedeyiceiag thedpf bk iagatepyrticdar, tha gtigheiiondrom
ob]lf?tg l(?ec%%:%d)b%\?\\ﬁgec?glqgesﬁng%rlro%%35n 8&95603%1 'TE& ﬁIFYD %‘ 2y ﬁe%{fl? t{ﬂ-ﬁ:

I ONS mnmake COI’]V

decREals@d bigesl snaﬁgthcﬂtudt ad o sﬁffs;mpfdrbhterrbgntblno (Ebﬁgﬁea,mlﬂe G person’s
erson's hand. For a tag placed in a gutter (area

%ﬁOt Hbodpis migielesldhe 113%}§%gagpn sigapl Sﬁa%@é 1t dpep gptgach the
RFganégg 5MRade ﬁieﬁ&“ﬂ ta% Fﬁ?ﬂaﬁhglg ﬁt%lgg%pf a book, one

over t e spi ne can ock the tag such
[OGBDhCthem;AaMHF e Db e desogattye calljheH édto oeg oftwrecasegorics;

cotiry ey el e RSl 48 it sEATHAT hies oG Hofp SryRaY
insPEItRY ah§ ERbMaTes thikUse 8lshiQUbdagdl @onventional covert tags are typically
less than approximately 100 mm (about 4 inches) long and at least approximately 13 mm
(about 1/2 inch) wide. Such dimensions make conventional UHF RFID tags particularly
susceptible to blockage, e.g., by a person’s hand. For a tag placed in a gutter (arca near
the spine where one edge of each page is bound into the binding of a book) or spine of a
book, one hand over the spine of the book can block the tag such that it may not be
interrogated. Therefore, a person may inadvertently, or purposefully, cover the RFID tag
with their hand to block the interrogation signal from being received, thus allowing for
unauthorized removal of the article from a protected area. Larger conventional RFID tags,

on the other hand, are not easily blocked from the interrogation signal. However, the

4



unaut hori zed renoval of the article froma protected

area. Larger conventional RFID tags, on the other
wha0d/o48162 not easily bl ocked fromthe interr OREE/IUSIV08/078308

signal . However, thelarger RFID tags are placed in or

on the book in locations that are easy to | ocate.

Thus, the | arger conventional RFID ta&; are

larggr Rttty & Phcphipseresl the Berkia logations bargepsycipdogage. Thus, the
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of the RFID tag. [0032] FID tag and the nodifi ed

magiihig eapabiliinnte adlewi t@ﬂ awdifiedalipale dataera tainadich the impedance of an
mt%%gﬁalg%\%%l? I%zﬁ‘gl | P ftf%an provides a tag that is

not eas gbI ocked fromthe

[0032] &he RFADitgNarsl §e a{odtﬁledtdi@olla afeny dedidhed ubwdyrdpﬁcfd with the
a person. In particular, the RFID tag has a (1:1
technidpesicagiiadtherqim proyides ddampihatis hat coxert pAd n@faf‘gsn blocked from

o ERSLAN OO VL RSPl SRR AT oo

tagpes adongd) nhldowgspdGEthboﬂbvtsyplﬁdmwpohhe ag inflodaeatis @ or in a book
centerline. |In accor ce with the ues

eonetry hnj
thagﬂretlm%lsalicwsag theecapyl Obﬁswtvqu XA bﬁxomi%ﬁ ' [ person
hoRRRUhe LOo1HY ﬁﬁ@ﬁfn@%‘n@ﬁl@irya Rothet) CRLENinM ‘ﬂﬁa&%@dance with the

greater than about 100 nm (approxi mately 4 inches)
techuiqges dbhie dprchfsarcdhd VHFaRUIHFtaQﬁh@ lcdgssdbsi ghoat 19 mm

accor danc h.thi,s disclos hav wi.dt
i EEamERT TS R ph e % B bRy 160 3% Tusthud el inches)
lo VMOM&eﬁbgff e A RFIB$& dRRRc@B0icoand® with this disclosure
proxi mately 0.15 inches). The length of the UHF

WOR @V@agmdgh ess thanesbopih Myn apRsématabdld inchss)nendzayen more

T RALBELTE L Gafe  TeHEy MACLRURT v
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. herein allows the tags to be dlnlocat|onsthat

inchgReandyep Pre a@é@ﬁgfﬁv OEY RSN tabothéO c8aafl 1ébawe.y by this manner,
theewﬁlth %f tﬁ? mﬁeﬁﬁﬁ:@d{%& %scﬁeécpﬁergfn a‘fﬂog}g% ta hs l ‘tfe Cﬁl%%d in locations

| engt tasal ows the t
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bogl i féﬂgthﬁ e &é&?&f@%@%}ﬁa&ﬁ? fed ko B osptepypven when
partially covered by the hand of a person.

[0033] FIG. 1 is a block diagram illustrating a radio frequency identification (RFID)
system 2 for managing a plurality of articles. In the example illustrated in FIG. 1, RFID
system 2 manages a plurality of articles within a protected area 4. For purposes of the
present description, the protected area will be assumed to be a library and the articles will

be assumed to be books or other articles to be checked out. Although the system will be



system 2 for managing a plurality of articles. In the

exanple illustrated in FIG 1, RFID system 2 nanages a
w@kwpakd7oy of articles within a protected areaP@I/US2908/078308

pur poses of the present description, the protected

area will be assuned to be a library and the articles

w |l be assuned to be books or other articles to be
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[003a] &ath 6f e artiRiesatitien pfodstdd drya 4 [s00B4d bdokad) n@y ihél@de an RFID
articles within protected area such _as book 6, mm
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frequency signals. For exanple, the placenent of
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I nt ogat 1 an \' st.e ssoci at e.
ortgBp R B B I Risle ot PRATEPL I Ty BRTRGHOERi devices
of RFID §ystem RNnélhg £¥AURLR anﬁlegaer& a HEktdpYe@ddrQ02ad §HAF reader 12

devi ces of RFID system 2 include a handheld RFID
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i 44 :
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dewiyst it dntéeadakesrid orahote LETRIRIED tags ftecheédtoaBe attioRs by

interrogation, devices") may interrogate one or nore of
SCRHHITER tfaﬁg@lt%@& REpigrrogntionsigaatsite eﬁ%ﬁcﬁ%ﬁh@gfa‘ﬂa 5] antenna.

[0033 A B, %tréd'égfegzﬁle' iefo &Qﬁﬁl@?&%@%{@d&ﬁbftﬁ% %%‘?raogatlon devices

respective tags via an antenna.
viaracaton@s dispesddntiérin ogatheovisseaqpédd to tlenRBiiktagf Iff ield strength of

i.nterrogati.on devices vi di sposed w thin
theRLeGOHEA LU 10 HEeR) 85 R o recir e and responds
by %(ﬁ@d}@aﬁ 1OF rdsh&hsk R é%ﬁlr ogAt [Otheh@ARL 0LHE RGID (7 &?a%l%s the tag to
hreshol d, the RFID tag i s energi zed and responds

absorb energy sufficient to power an IC chip coupled to the antenna. Typically, in
response to one or more commands contained in the interrogation signal, the IC chip
drives the antenna of the RFID tag to output the response signal to be detected by the
respective interrogation device. The response signal may include information about the

RFID tag and its associated article. In this manner, interrogation devices interrogate the



by radiating an RF response signal. That is, the
antenna of the RFID tag enables the tag to absorb
wep@pgys7suf fi ci ent to power an |1 C chi p coupl edP@US1068/078308
antenna. Typically, in response to one or nore
conmands contained in the interrogation signal, the IC
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I b |d i nfor
checﬁecP ou‘[a gn&) rﬁg ? glsepo%ggl Lt gnlg rn#l}egbno]o Wasn’ﬁ%‘%e out %n some
cas’e@ QKe &Jsit@nmﬁ@umavegndmmeg {3z, Oddlge bﬂéﬁﬂmmateﬁramh the
for exanpl e, include an i dentification of book
cugtemgy. thatrip pqagnedift QBRINCHPN WEBIPIIQ I QhEHDs§quent t@éh%araﬁles which
o) hecked-i n or checked-out, and a nane
thé%ﬁd% SP%UQFQQH?§¥§ whom t he book was checked out. In
[0030 &\ scasthsy exanele st breriammyy havieandhelRE¢ddet &g pecrmpgate articles
bad%h or.card ﬁ@Q%lated W t tge custonmer that is
at ok legatiqns PR i, e &Y 1§-8hon Flves i pbaindeetr fpfogrgation

assb@ﬁteﬁ%ﬂtl‘?ﬂh@ %rﬂ’@ﬂésc hn bRGicGHE ttmrahél 2R GG OM the library and
37] As another exanple, the librarian nmay use

1ntttmgdtitﬁeﬂhd bpelesdar thg shadvdsnwighr haghtld reader 8 tedetatmine mbiebooks are
l.ocatjons. .w thin the ibr r e 0 the hel ves
on G5 ey o Bl 115 bl BRI (o gt deeted o

inddaktd whRS shélRedRiitidudat ‘t@bks 4r8@n! TPEGHE SdiedTmyn MRl Kredl @Welay also
the library and interrogate the books on the shel ves

be whadro isaherm eirenlpteendiaformation. dbit @hw v diilag libygais may asepandheld

reatd%eé% &N c%e&%?ﬁ .':m-lc_]{1 8ol Sht;/b%kw nclude an RFID tag

erroga ca%e whi ch shel ves

[0038[ Sheld k@ﬁerbm)IhSy alse imérrodare tho %Bolﬁb&&é‘e&ed badhRBeldles to generate
reader. 8 may al so be used to collect. circulation

locptippy phmagian. [mpatigider, gsllsadardd maypipghufe pntapips ako@g the bottom
of ﬁl@%ﬂ&? bldOI{ ﬁl?%%%g?f %% FP? ‘rr‘lggigg rr?(%%tectﬁg 85 1&%1 tHQ gﬂ%‘i"vets f shelf

cust oners. may al 50 interrogate
reatlbie] boalesernoahe dlcontyt dfehsbualks dscatod ogpeheslatees! dbatntemogation

nforna n. articul ar sheIf eader 12
of Py ah e A B riGF DB CEGHTB D e ity hourly

badie sides of the shelf that interrogate the books on

the shel ves of shelf
[0039] The interrogation devices may interface with an article management system 16 to

communicate the information collected by the interrogations to article management system
16. In this manner, article management system 16 functions as a centralized database of
information for each article in the facility. The interrogation devices may interface with

article management system 16 via one or more of a wired interface, a wireless interface, or



reader 12 to determne the identity of the books

| ocated on the shelves. The interrogation of books on
w@b@vh4a76¢nder 12 may, for exanpl e, be perfor nERCDOS208/078308

weekly, daily or hourly basis. [0039] The

interrogation devices may interface wth an article

managenent system 16 to conmuni cate the information
OVRIGINE & e Bred v Wiligtesy pIyatksors anexamplee FempHRgisAtl 8 and/or

t
shefy RSl AL WIS bl JRAAREE Fa S iroloss
nethvark éag ha Richl atendtwotkn@ ANgI | Ad ahothbh example,rlratngmm mder 8 may
ices may interface with article ement s em

v
mtarzawgtfbﬁ‘@clarm%g@n@%t SPGB 19 PEie RIETAGE. Gty 1 BRE cable, or
via amvﬁélfe%cﬁterﬁﬁ@\éﬁéh %na% iRfraffB IR WA O BLEBLESS 1nterface

net wor ks. an exanpl e, corrputl ng device 18 and/o
[0GH9E Afrticle a@enge:trzem)ystam dé mfeycdsoiat retwiortkicd beouhalwag@crmmted to one

o PR S B o B e Lk i o
cufigneiRethel abBRARN acBesiRttal Bla Bl d RCGBe Wiiclts aFbt &lagiple, the users may
managenent system 16 via a wired interface, e.qg.

requss thalokationgnd\staguseo ik pﬂéﬂl@é@ artiglerspetees 2 bepkh Aa@cl@rmanagement
S sl[t%% ]rn?a%r % %llfee lth%taa%tgglg ?nefo atlon on? % EQ&BE{QG ?nrgitr%%or? fFthe user the

lashRxwuTke aviach bt Iaﬁrc\m GEs b@MBdi eﬂth% Qta@REnfimBEdEas to whether the
comput i ng devi ces at various |ocations to provide

artiglehas begehtpcked-pwe In this Banngs, RFIR pisteame maay hersed Mrnuggpse of
t {
coll 1B SRR o LR el AploEn R hE nBter TP brofk i .
[0(14&1 ﬂm mjhaembmdlmehte ansiutlrogstian deyade, sudhtas ekie comrd gestentl 4, may
retri ev the_ article inforpation fro
noghicasue th%ﬁﬁl I agd i g Hlsc RO ration. dwbipizad 1 drdei e bgrized
reﬂM\}a@ Bf thbertdidsl frdif Y@&t&p&@& 2dEQf: c&'i‘t?ol%k?c&’ﬂsm may include lattices
information as to whether the article been
198 hed H8B-(onitectivelyt’ ﬁatgcem&ﬁ)awhlcmébﬁn@ ytsﬂ@n@ahmyzcb@ arsedidor
col ctl nd circul ati

f
loch {2t SRR ST o igared ok 30 1 GRIR PR g SLPRLE Febs for

1nt£r@6%a g ki mmagmbﬁpmsshmagh {HRIBFIRYES dQBmERY Whsther
such as exit control stem 14, may not interrogate

remgyel Rf:‘IhD agtigdastorwhigh rh ID) tag és #raehashis abﬁhprlmdstlémnqvcgl of the
artl%?e 1? Mﬁaré é %x b0k \6&1%% n8t|f chte?eda&ﬁ gdp%ﬁyfgx?trgongol system

area’ 4- it con Stem 1
14 |11ﬁf1£tb§@r$aﬂ;ﬁé‘pr@dﬁ@isebﬁﬁty(abﬁbh aath kiséioymdlng ahtaudi®k al&h), locking an
whi ch define an interrogation zone or corridor |ocated

exif gafe onfhediiet of protected area 4. Lattices 19 include

R G R T T

or 1o determ
banceoftha RFapedthen,ard. ) lmdtweeth()MMHz antié (HE.Ditt @ dxsmplary

ache aut hori ze | f val of th i.cl i s
e B DB oy OF NGRS MAbeRiR g R LB o
apRORRRHALY 00Xz RISk S WIE%%‘ Minh} #Ho8&v&N be configured to
appropriate security action, such as sounding an

operatdivotlan ather pertivnsdd thg Ul band, such as around 868 MHz (i.e., the
European UHF band) or 955 MHz (i.e., the Japanese UHF band). Operation within the

UHF band of the RF spectrum may provide several advantages including, increased read
range and speed, lower tag cost, smaller tag sizes and the like. However, signals in the

UHF band may be subject to attenuation from objects located between the interrogation



exit gate or the like. [0042] RFID system 2 may be

configured to operate in an ultra high frequency (UHF)
wWh20vd/0¢8761 he RF spectrum e.g., between 300 MERCEOS2088/078308

GHz. I n one exenplary enbodi ment, RFID system 2 may be

configured to operate in the UHF band from

approxi mately 902 MHz to 928 MHz.. RFID system 2 nmay,
deyigmnasirbthe READdehf ingiartisalar othe piermetion fromy qu Fthlepated between the

1nt?‘i’(§ %&18{1] ﬁﬁat%u%hggﬁlgaﬁgﬁai g(%ﬁg ?r? ggé&kﬁ}‘gd ?%ﬁglw%?%ﬂel that is not

suffiapantes mtbiirlEgdmand For Gperpdd, iagrrsohistiand bhethtHbodyar oy block

t.he RF spe provi de seve advant a .
the iHErQaRHY, S e derisdp outet e éhea%l%g@a rof Baghe REP tag with
msﬁﬁf&ent%ﬂ@dr_éﬂ?r tag sizes and the |ike. However, signals

the UHF band may be subject to attenuation from

[00#5] €otscritiooalt dF hdtldaendesignsitypiesl lyoightitordevf te cateorics;

the RFID t it t f .
covst gy 43y %f?g{llsh TagB sl iRl Bo RS Dk O ReHE ST it
inshb@ioRhB14r hﬁt&ﬁfé’ bdsily Mocatdde TR@s@bnal @Rt t&dsraeagltally

hat is no su ficient for interrogation. For exanple,

lesathsaragpiexigndelyid 08 mot(haut barhepdeng tha@twmmmately i3 mm

b EETRERSIED SRRl by AR HE AT M uricutty

susstptengiodblofkagd.3] . ony perkdoR ﬁhndJHE)r RithDplhagl idesiu@ds(arca near
typ| cally fall into one of two categories; covert tags
they pae wihesC epmedectol gach tage inbaundiintpithqpipding of gbook) or spine of a

t
boolRRE k] Sk the BERIT RYTTRh Side IR A0 AREH B HPLoe
1ntalr@atqdp iThetdfyrel  parsdrhmay apydvexdnnig} @l purddyefuiiyn ¢(akothic RFID tag

witbRBT P ouesS s e S EBH 4 IRt s Bt Bt e o

unﬁﬁﬁ@lzteagénm tof el A6d1y f@Hﬁﬁ@fet:ﬂee lafeals0 10} RGHBAGoNtiBNE-RFID tags,
by a person's hand. For a tag placed in a gutter (area

on rﬂmhtﬂmné;ﬂrﬂeom@ﬂseblonleedefdge thof mMKDgammgﬂgnaé Howwder, the
a_book

targ B Ge bR 2B o tRR B0 SRie Pat e 2RS4, cFhus, the

lark&r@bnidntigBY RIAD tags 4B edceprasé e&l;lahymar RhWEL fréim PRS §80le to
may inadvertently, or purposefull'y, cover the RFID tag

whyght ihistattegliedhand t o bl ock the interrogation signal from
[0(9!%5 {Arg;ll Iglgl?ffag %,gsl ﬁé?llﬁ a@é%rgéﬂcre] gw{hoc[le %Eﬁﬁllhﬁgsrde%gr%erd%@e\ﬁ?{)rowdes

e art rom

a t&‘g)ﬂh‘dtel@ bbthrbavlveﬂREhdll(thBaSﬂy plocltdderah ﬂ&rlnﬁﬁ@gatlc&f S by the hand or
easi|ly blocked fromthe jnterrogation signal. However,
oﬂxehéocwawgteqf agperson: g darticalap|the REID fredes aﬁortgh AR Rspest that

S GERLORSy P LR 8080 B ERR TSy B AR i
casuehabhsatvef wbile titending bqtoadtadlamh bt peson Boldingabdbehk by the spine
on or near a geometry centerline. In accordance with the techniques of this disclosure the
UHF RFID tag may be less than about 10 mm (approximately 0.4 inches) wide and greater
than about 100 mm (approximately 4 inches) long. More preferably, a UHF RFID tag
designed in accordance with this disclosure would have a width of less than about 7 mm
(approximately 0.3 inches), and even more preferably less than about 4 mm

(approximately 0.15 inches). The length of the UHF RFID tag is more preferably between

about 125 mm and 140 mm (approximately 5 to 5.5 inches), and even more preferably



[0044] An RFID tag designed in accordance with the
t echni ques descri bed herein provides a tag that is
W oiok/0¢s59ert and not easily bl ocked fromthe PCT/US2008/078308
interrogation signal by the hand or other body part of
a person. In particular, the RFID tag has a | ong,

narrow asgj)ect that al |l ows E] acenent of the tag in
betvisenabirid 3@ mmpangd h3Hmppola thlsaranaee thawidisf the g%F REID tags

. | Y i : in

o BB ARl LBl I S R0 A0 ADh e

to the @aRiat ybseent,exrd.) inehe puttcroc gyidaciCebaukt whilbeéhd leadthiofjtled JHF
this disclosure the UHF RFID tag may be | ess tha

Rt allgniiq appsRETEEyHeven laychoveiig by the hand of a
ater than about 100 mm (approximately 4 inches)

peldbe ) .

long. More preferably, a UHF RFID tag designed in
[0St bl@arieand 2B atcrcherditscdiagame iNwstrhanghayBEED teigd0mtathed to an

| ess than about approxi.mately.0.3 in S an
ari G B el o 6T 2GR P e ol ook 6 efices o
cok@RP! P¥lind£hd Dplhalit6 s 2dheot@mathayobe 4 Rgdeb¥er or a soft
RFI D tagél s nore preferably between about 125 nm and

covietQ Spire 4 ppyoiceintensfrusted of & simijat origesial anenyceyenlmhe example

. f er t about 13 mm . In this -
BRI AR SR B2 et SRRk TR Tl g o of spine
24 hRIFED fagad( @4 bé Btacdhad fo the ileddart@tof spideaiad/ito B prdshat

make the tag inconspicuous to the casual observer,
sensitlye adpepiva gap@ QF B OBFT Wyipble naang obglkhmgpf; Fer exagmple, RFID tag

20i X Qhéluc‘l?é arf %ﬁwg{b‘g la\%EII &b ‘tg):t QY& tillé]tem%f yat%a%lé&ﬁtaonsgine 24.

errogated even when parti y covere
RFOD tag Pemapibe pladdion thelitdsde Rdktiamdf §Bna24edwdipepraducion of the
gi?a]igrarrs iJlustrating an RFID tag 20 attached to an
bogls ¢ 4ffcs PradyCipfl CadediOB RITEHASE| G, 2A and 2B, the
(0046} RHIB tdS2@hRARMeBsioRARK Folnat HEaS bR LEAV@N e 4nd Rot casily
spine 24 and a plurality of pages 26. Cover 22 may be
blogké¢rhirdmeavieterrogatmnssggnial by therhan@pi ebe2bdypattygiaqetdop. RFID tag

onstr ed of . L | ar, materjal ., as ver 22..1n the.
20 G305 s W iy B Dy 42 20 GBS blaBigfeR on" s instiggion of
spivié LA MBOO0RS, AR e@BodkASHiEtErcRAiN E iy FBw Pag &P 1 AWededéribddRlbBve, RFID
tag 20 may be attached to the inside portion of spine
tag2) mpy have apwiddls rtbe galirsrionef lasstibay Lmm deye thim sppyoximately 0.4
im0 P BT b Pl B i G BOR gsfSpls wiaen
of kkdlthan bpgbxitiyclpd ramnt ®KHPdag 20 836 NRnZdh.in B yPdirédiord Ghat permits
may be placed on the insjde portion of spine 24 duri ng4 of

REHP Ga2Q fodis iBferiogaicd sva whengs hand of pgwireniopaces Qyer spipg

C i : i
o258 {40 LA o K0P %8  CEARARD Bkl e
of RAID teed(r ogatds baysidghaharhloftahewvbapd-sized ptrkar hdidohg tiabdok by
of .a person. RFID tag 20 . .has.a gpgth t hat ergn'ts. RF %
0, ]ﬁ the

the SR AT TI°Be? BIORAC EIVLHET 91 by TR TiTai e 6k Pe §
int&frogation signal to RFID tag 20. In this manner, RFID tag 20 may be activated by exit
control system 14 when not properly checked out, thus serving as a theft deterrent. As
described above, RFID tag 20 may have a length of greater than 100 mm (approximately 4

inches), and more preferably between 125 mm and 140 mm (approximately 5 to 5.5

inches), and even more preferably between 130 mm and 135 mm.

10



spi ne 24 of nost books, even books wth relatively few

pages. As described above, RFID tag 20 nay have a
wor@vi48767 t he x-direction of |ess than 10 nm (PEBES1008678308

approximately 0.4 inches), and nore preferably a width

of less than 7 nm and even nore preferably a mﬁdth of

| ess than approximately 4 mm_ RFID ta%VZO has | ength
[0047] REEDyagi? ¢ way ffgther peite aiswﬂ?@trqnm abelfgr rzi@ntﬂfé)caﬁen purposcs

Su%l\%_\srq&; %?I%Et%% eﬁg% Q%dr"mrhﬁl ot ?I?e\%g ?‘%\’? Ay %h%cl? hrﬂQ#%rm?tlon for
bodlhe, laﬁitllantlm@rrﬁﬁldnsfoc bodk @uor ﬁﬁet&dethlﬁda'ad)n a{d/mﬂtz&tmmf@‘fnatlon

RFI D tag 20 extends bey d of an
assgelétﬁéd@gbb%f 1?%%%8% B8k als) be frgerrpgqted rother
int@oAGBh r@dgROARN fak ﬁaﬂiﬁl@fdetééde?% @éskggqga(fér 16, rh!ﬁﬁ shelf reader 12 to

preventing bl ocking of the interrogation signal
colRfet midingnal mfotnmtiohi sAlthangieRPIIRngB(lca?g?I@S ?ﬂﬁwntbéB 18 shown

o SRS ReThike SERGY B LR e BT oy PV RE 0tica

with@SEbraBe gu@@@;\fﬁa(%aﬁ'ﬁbﬂj fl 9123 pIBYDH AMEDF Ds€ NI6Ro R, RFID tag 20
greater than nn1(apprOX|nater 4 inches), and nor e

maybsfusedfsir ylcisetingenruthesizedrcard alaftothenatighes foor daffeent facilitics,
suchoasscogpoi”_%gohng Sl)dfvdﬁﬂ% gq\%%ﬂﬁlm%{t gg%ﬁ?efs eﬁoasgitéfk %%w ?en[al% §tgres or

Her - gey
oﬂﬁﬂﬁﬁﬂﬁﬁﬁronlc | abel for |dent|f|cat|on pur poses such
or collecting catal oguing and circulatin

W‘k‘@h ELRS ot anghP afrechemafic dingrampa{ysgatingn T tag, 20 attached to an
art c? ale? ﬁl('}i?fﬁ[ IRtd C}?Qhé Q{rﬁcféqﬁﬁst %e‘airln %@§r3A and 3B is a book 6.

entification and/’or status I nformation assocl at ed
RP\I\]Dttztg ﬁbmlay,ﬁlowlenerobh ettachoed thsa niRRbdD of dffe2éht meticlal sach aeCDs,

Dl v B e~ GRS P difr | AR s GLAITS. 3

an(;-?rBtcenﬁ%ls§S§tatﬂf3ﬁ&Wlﬁ’ﬂﬁbse' Jfff@GgaﬁA QRd 28! &b IB:tla 20 of
and 2B i s shown attached to 6,

ag
FI@&I 32% ma?g3li®s lnagtabmthtntaaglh@d 30 of badked. G@nttércd0gs an buata npaEyspine

24 PE e st g R b e G S Re AT 0Bk ‘Eaound int

theU&ﬁ&in% of bélskt @CRFImalgrmu& Pmﬁé@ﬁcgu&t@ﬂm/@éar 8hin®LNSF book 6. RFID
articles fromdifferent tacilitles, such as

tagcripay. det crampla, haplacedinsidg EVESTRANEW egyetiiei pages and attach to one
or F@g%}&@%@ﬁgﬁébo@%gk %rtrzetr gg ﬁg\rsrgﬁt scg‘ogcl? bcfs%ckbhﬁ k420 may

attadhl to $iid @igenh @unteRE0 Elataqges%ﬁre&fehﬁﬁ{’fkeaﬂﬂegvaﬁa@ déri gy ®ther suitable
Li ke FIGS. 2A and 2B, the article |IIustrated |n FI GS.
megps efrpitagmeny. & Ob%mée RertPriag 46 meg ipeliyde Howddeye laper on one or

bo%ﬁs(?eg hed rﬁa?l ‘tf% a@t rto g;lgmg hif gg 9?§c|r1@5crl hiGdVeSREHS % has

cl ot apt ops of T he
dirhé¢ris@ns ﬂhle aboh &FﬂDltmg 20 mg:rea(ﬂs) ooﬁreﬂFhﬁBQ) bt @arsdy BBcked from an

GRS AR bELL AL ARSEE BLGELSS | 28,200 2

(0049} BI@ 445 AUERERatRUifral 9PkstBtin S ER/MpISy SHRRFAD&]%: 40 with a
morc]iieﬁaerd dsigollg ?mtenna 42. Modified dipole antenna 42 is coupled to an IC chip 44 on a
substrate 45. Modified dipole antenna 42 may be electrically coupled to IC chip 44 via
feed points 46A and 46B (collectively, “feed points 46”). In one embodiment, modified
dipole antenna 42 may be located on a first side of substrate 45 and IC chip 44 may be

located on a second side of substrate 45. In this case, feed points 46 may electrically

11



24 of book 6 where one edge of each of the plurality

of pages 26 of book 6 is bound into the binding of
wWhowr/0&76RFI D tag 20 is placed in gutter 30 neRCT/ERINE078308

24 of book 6. RFID tag 20 may, for exanple, be placed

inside gutter 30 between two pages and attach to one

or both of the pages at the bottom of gutter 30. As
coyde pyodiied daprde anteim 43 todly b Hhysing PRI HYCtiRS gy sEpssovers that

r a [ - -

oxtofld SO B . SRR AL SARRR, 2 PR Y nodifEPdipole
anted@i] may BEldoated @n2hke fimy sidaof sudastratn 44 dhé aisv@nkd peionat

. th sid t hat b tt hed .t [ ., As .
mﬁ@i@?@ﬁb@% a%%@aef?f@w%e%ogg%é@%ﬁ %5633 Hds 8@%'@11?%? ﬁgﬁl%wh
IC BE%Qﬂ a2t RlyPRodiFLY dgﬂ)\f@éﬁterﬁﬁdﬁ(a%}i I@%Hae@éﬁfnlay be located on

bl d a I e hand or

cked froman interrogation signal by t

theotamersideadsulpsiirate 4. a person. [0049] FIG 4 is a

ic diagramijl]ustrati exenpl ary UHF REID
100 TRk i EPhE bt b BPu Rertiomstnfikior BifaR mounted
dedltPEMDRNIC B 44 IndySin€1QEPTiAAWHR a8B/ok Cir&llirp tdt&oRNwithin RFID tag
substrate 45. Modified dipole antenna 42 may be

40 enigee ideatifirgtionsug logier desitaglednfosmadony jifepet @ng orasess cpgmnands
and 468 [lectivel "fee knts 46" | ne.

recE RO O E MrrB R e P ISR RS oty I ®PBonbyan

int&fo gatibh A6¥ics ttEtoatsodwdsinfladteredditiag trohGmahiple #ds RBpordéng to

_ located on a second side of substrate 45. In_this

intergagation sigpligpraisly - 48ptipagllhellecahin thmey be tppensridicrcoanands

o £} PR ADENAE LAGIEPIR 8 BLRF08 O IR Yy o

oppusod kemerioredding ifc inforfriatist (rpad dnlpn Infegravet ¢iramits duipdleefor use

in 8080 406 ﬁﬁ%&%@@@sﬁ@% Gr4 Pl esé%%d%%étgjra?%l%ated in

Dafii, aRRA, ﬁﬁﬂigﬁxemcoh&&@&@ AR dliREiR@eaH NekiKtelaRds, and ST
substrate 45 along with IC chip 44. Al

ternatively,
Minwd|ekireni ceiopaté irnitmavaaSwizeakadd,| aghapigiqthetst may be

t i de, of substrate 45. [00 | C

10057 MiralabE AR G ? KPR Bferd? aeduiet 48 ghhled to o

co@&cﬁv@wb? 36EM M Y0 HRPoSMICRILERMON 5. [HCothRéY Wordd rigdificd diBole
include firmvare and/or circuitry to store within RF

antepp may baviguedage ntrpighictipele angner withégopdegmeribileadded. Straight
seérﬁ%l%ﬁ?ﬁé& IPO%PeslPé%gt{t%b%ayag%d%%rﬁéaﬁﬁlsco%&%g%g ?&césecgﬁieo\é%gon

at’ion“har respond to re

subsertatel 43 Aomakdr@ple Ryrafiht bitteda REAEN 0TS ey be formead filogn a first
resolve conflicts resulting frommultiple tags

clepicpbnenmiycs arcand iRparscamenti mpabr g of a second clectrically
i: | i . i .
co@_ﬂd?@ééée\’a&l}iﬁﬁ@@a B ﬁﬁ%ﬂ?@ch@é Hgébsfo}ﬁﬁmgg%é&&wm&ﬁm

, rea e conma or updating
segnndnd A &a Siraightstegmedt 4&arainoomsaymeal Strenapiby dasposplposmbsttae 45

o OB TS LT LA Sl B 5
sputREhY ISR SBoRYiRIdeRPhS, Hi&Mal aX@mmlifkst r unent s | ocat ed
[0(;52] Loop segment 50 illustrated in FIG. 4 is formed in the shape of a rectangle. Loop
segment 50 may, however, take on different shapes. For example, loop segment 50 may
be formed in the shape of a half-circle, a half-oval, triangle, trapezoid or other symmetric
or asymmetric shape. Moreover, although loop segment 50 of FIG. 4 is illustrated as one

continuous conductive trace, loop segment 50 may be formed with a discontinuity or

12



Dal | as, Texas, Philips Sem conductors |located in
Ei ndhoven, Netherlands, and ST M croel ectronics
WO owanesioT n Geneva, Switzerland, anong ot hers.P¢D0SH)P8/078308
Modi fi ed di pol e antenna 42 includes a straight antenna
segnent 48 coupled to a conductive | oop segnent 50
.. disposed on substrate 45. In other words, nodified
bigpks oindhaeandkAa risee Barmyngilisdoers Bhaseangdnghite teicpopfehe loop
seg}ge[n WI t}g%%ﬂ%%f?ﬁlgltf ﬁglg‘gﬂfl fé:gcg%g?rggyﬂnﬁ:agﬁagﬁ% Ot§ g%@?%ueous trace
lodprsagm@sntdius po sgaciine summrgaieewe% thd:mscmanqﬁlses;egmbmtai @ht same
t enna se nt 48 be formed frama first
mag b driciod éir%ﬁ CRBIRE Ry e & 0s S8y SSeyRRIS By inglpde one

or Ql%l‘é‘ &iﬁé@ﬁn&ftleémstﬁg Q&Qiu%{l%ﬁédectﬁétlfﬁnﬁsoﬁﬁkﬁﬁ ké’g@nén‘@ age

COUp ed first conductive trace form ng
[ﬂ(ﬁtﬂ & ‘ghtexampbnhmt@&glna rFi{G4¢8 lo@t seginght SGsgmmntctd@llsnokated with

| 50 trate 45
respiy R TG AP SBY 4T b R G- SRR T HErtagh caual
disednedicb yVaRefiorleRgsd 108P s 150! [8the€éibddiients, however,
phot ol i t hogr aphy, masking, and the |ike. [0052] Loop

loopegampnt SHomay baasymuecidcally Ipgagd with sespedt i@ thei stratglhésegment 48.
In ﬁ1h aep(gmﬁfe dﬁlfl a?ed sﬁ 4 I‘Ieoc% Sﬂgggcrﬁrlciﬁp cquple les to W%\c/h%r etd dé%)le

apes.
anthiya mvetaims@b $dgnteh€5($ hapdesefibed lsmb\ﬁz lﬁdwe'iileﬁ IC&hlp 44 may
hal f-oval , trian trapezoid_or ot her synnetrlc or

elea’s"vﬁlrlﬁéewp&e @Hﬁ%ge%wewenna e Rothihstrabgl) SsaBemint
[0@45&0&?& alﬁoﬂe'ahféﬁhé g% %%%%Bé’d‘gwﬁq 'v{}#@ h‘ﬁgﬁ%@ H(ﬂs ﬁ’igced on or

oop” segnent or me
Wltl’hnrsmozntlblleuRFLD mlg 40rcaa Ieésﬂyrbet doaceabnidiie L, rangeted @oeert), yet not be
The, conduct| ces. of the |o

formn
ea%lé(dﬁﬁ%%?d OthhF 618?%36181%13}%%1? Ylﬁ&ﬁn ¢1 9therrhody Ppts H?gﬁeﬁon To

achiLVl th&le fARAS rmwﬁ@d APRId dMHQMug 40 ﬁ@&&,lgne@@o BRYMERL, Hdfow
to capacitive coupling between the discontinuous

aswegmpwsmtedﬂmélesguhimyn@ width Yéaaf T rvad@thAimegﬁmndlﬁdﬁ dipole
| | 48 may. |
iy cerRr oAb eRE8 Mot ru B TEQSRFa R S

mddidUEdif1E @htehta SEBMREn&Bo rb&HR3n ihitrioBei@XARMRN 8ven when
illustrated in FIG 4, |oop segnent 50 is

cow%’ex # hend eryothesbade aamhiot hDersep ek oneembodiment.avight Wanr may

t 4 t A S i .
be S0t I AR R SRR Ay gty
4 thaGgbie §I16 ﬁﬁch'é@) Th aneth BiegmissHda eh R itits mev}%rmodhﬁe@ dlpole
segnent 50 may be asymetrij cal | | ocated with resp

an%nat Heisdesp éliw@rﬂr eﬁlé%jﬁ% ﬁppraslmaltfﬂy * tieyeappridih ofithe ﬁm%lieé@f the
coﬁ ucF freetrac%s tﬂa@f(ﬁ'ﬁiﬁ Qnodtﬁf"1 a‘ﬁ?elnhy 45, OHP%@ %x&tﬁ%lg‘%gfb_g%?‘%nt
I po e

antenna 4 oop segnent escr
illusehted/in Agwel dre, wid@ afithp cdltttiun‘aye edeeddmiog Istraylghmpdma lscgrnent

R SRR S LI I L FRLAT, SRR 85
eddd @ thbERuRN Qri@FoAlng Fodp! RERENIID 2 inside edge of the conductive
trace forming straight segment 48 may be equal to approximately 1X, where X is equal to
the conductive trace width. Thus, modified dipole antenna 42 may have a width that is
approximately three times the width of the conductive traces. In one embodiment, the
conductive traces that form modified dipole antenna 42 may have a minimum trace width

of a selected manufacturing process, e.g., approximately 1 mm. Such a narrow width of
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within an article, RFID tag 40 can easily be conceal ed
(i.e., rendered covert), yet not be easily bl ocked

WO e@ai044167 | nt errogati on signal by the hand or PETES2008/078308
body part of a person. To achi eve these features,
nodi fi ed dipole antenna 42 is designed to have a | ong,
narr ow aspect resented by | ength LANT and wi dth

mogpipgrldingple awe@@w WS&FIM@EH%@ girQnsrealedritcedprdenc goyert, on

or FERLIRE R ik SR PP B R i s 0 book or
on tao insédxeportoranf d $ptier asfagabo@i«nos:logml REV® momiefiomn avebsdver.
085 B s P i i ST b e o
rec@iv@'@n(iﬁtQﬁ‘H%atQ)n%ggnap%ﬁ%)hen%eger@@ b aLEd 6F &HErybod%r é)art of a

appr oxi mat imm (about O. i nches). In anot
pelemlu ob¢matin LANwmdy he YYRIEr tlfantapprowmhtélydﬁo airp uielt‘t@uaﬁa treohpg), and

than or e teI tine
el piefray PR Chanyer TRy H8S EBRANE Ty FapBer i ot 5 5
inched)MEnd&dh hioed pRIFREBIS bafkenR Iﬂ)glmdtﬂytm@ nﬁﬁ@ﬁ@h% mm (slightly
enbodi ment illustrated in FI 4, the width of the

OV@oﬁnmgl@qSD vat theeclengtbs.nileg RitTPatpg AP ipieeadrieithie g gptier of@ book or
on an Onsupe spo%&o % f | \1/1?6 ofg[ﬁg Ibc?']og%g rr%%%e%odug?qg Pﬁt%nﬁa%&xt{:nds beyond a

haﬁd @fceﬁpe‘rgtrnmdn@ng ﬁ%o‘éﬁ@)@‘&m sk @’ﬂdr 1dag b deordéelgie cortetline 52.
conductive trace form ng straight segnment 48 may be
Maggeist lereth hprosriie &priher sdiugipe péthya ﬁh§ r?é@e%lfie%b%d@ove such
i
thag g%‘aﬁ‘fetd &8{115 olt 5&8&1&%%?‘50h§%3%16 0 g%ﬁéﬁg@’ ﬁ]‘éb Qﬁéhcr% SZEH ﬁﬂfb%ndmg
dicldeverion Etirh:xﬂxhp]tehl&ngthrlcm@ hiayécetaacted, for Bxa:mlpie etn‘mm]knhﬂn td1pole
t he canductive traces that fo nmodi fied dipole .
BRI Qhewpﬁra%ﬂdrm ing mfSAIeiE Pacle i BiE %‘5’8 42g 40 1s attached.

[0(195%] %%ﬁl%e%f‘ WpRE WF ? s@ﬁrﬁ&ﬁ%’%'m@y aQso b@ﬁ@&i@?éh '?@hl%rﬁvélthe
Such a narrow wi dth of nodi fi ed di pol e antenna

Opa‘allqm/\gf RbdiDed d‘g).omm@nb d2c bncesngds, aleegth Mmdm;ebt adJ usted to
RGP b bt SR B S SRR G

L1 & rhiySineRafR0ht k@RitRitydf %ﬂidﬂ@edﬁlg&l@ anlRKtotstznaPRE® Bdrence, loss
RFID tag 40 from an observer 055] As descri bed

cauppd b thd prasgnee ofadleestic myderial é%ig dpwls engathenpiadipg magerials) and
ch%%vé %”@8@% ?engﬁn; ﬁ%ﬂ&n@tﬁbe i ?%%@ﬁ&%aél&t th%;sﬂgj%' of‘ié{@;”se‘éﬁ%ﬂt 50 may

or ot
alsb®B gﬁjﬂtsﬂe&\hﬂ'aﬁﬁay sEBitp/it§ if efodi fivaindipgip avchmed 2| Xddi@Ond1, forming
(about 4 inches and nore preferably between o
loopssemsRtRtsIs{FaignEscgmerh WZIB disgpRtapdins et dleedfTast sepgitivity of
moﬁlﬁsedld}?&g%ﬁ n@dﬂgz even nore preferably between
1lﬁey 130

appr oxi mat e mm and 135 nm (slightly over 5

[0G57¢ Aasinothét exahgde alperigivhmg offep ngmaltISé)gwwlﬁ)raspeqm kgt edight
thin a gutte ion of a

dingls; $e8M5Rt 4@y 6&51uﬁ6@r0f% gt m%gl&gﬁy 3E ﬂfﬁae%t%%%ﬁw 42 to

chIXON Aol aRGoE. & M. re§9rﬁpl'39ﬂ@t1ﬁ€kdtlﬂ @I@Qplfookﬂyseéﬁ@nt 50 is
Spl ne on or near a geonmetric cent erline

symmetrically located with respect to the straight segment 48. In other words, straight
segment 48 extends an equal distance in both the positive and negative y-direction beyond
loop segment 50. In other embodiments, however, loop segment 50 may be
asymmetrically located with respect to the straight segment 48. Offsetting loop segment

50 so that it is asymmetrically located with respect to straight segment 48 results in
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Moreover, length LANT may be further adjusted within

t he ranges descri bed above such that nodified dipole
w@pienssI672 mat ches di pol e response to free spRCEUS008/078308

surroundi ng dielectric. For exanple, |ength LANT may

be adjusted, for exanple, to match the dipol e response

of the paper and binding material in the bogk to which

mordeiqd dipeje antenaa 44 bajem kg Se[n@l@l%}o the gyad aplugof theghielegrig ponstant
o LA0BERL Ty 1 48 SO ALY S PR g,

MachenghoditibdXipolentdnaa ammmmnmmafof aifdsthéres in dipole length.

tivity of nodifie ol e tenna 2to vari.ou
[0%532%9@%&%0&%%&110% IPPVK rexapsichyhs weedanss of pedi ted dipole

antSRSAT i\l bY cGfju %«Rgbfrﬁa@&e@t@ ﬁleein@@&eﬁﬁ@ 3riOcH PglﬂralGenerally,
i nterference, ss’ caused presence o
sﬂldmel(é chips hawaat lew rabistamecgand apa:getsveamdctmdae Thbs,rdacigeve
r i al a C di e length. .
cofpes i JrocGraaiant pigrS Ren B Sivkinedep gy caivalent
reskeHIRAAd %aﬂ@ﬂd @ﬂp‘é)@lt@gos@tﬂ\}el&&&ﬁlcteoA@fvﬁﬁ% desdMlell ity Fufrther detail
of nodified di pole antenna 42. Additionally, formng

belowo dessgyofemedifod dipokst amﬁ’mghﬁ segwbiic lag seigment 50 may provide
0 Lt s f ensi L VI t
N e e T S ey

seg@nd® S0 preidas @ndtflﬁéd)&lpol%%gféﬁﬁzi 4501t atthﬂ%s bﬁ@ﬂ'metn@mns that may be
strai ght di pole segnent 48 may be adjusted to affect

adjysind fa mgichyhomnedarioeiod angnivot etodhe enprdange efd Ccthimdbsin
I th {
Pl REACHRAORE W OGRS BHRTE Ry YRR kbR o
antem@:to thoirpeelasder 181 dip 44 egadaliiondt8.thd dinehkiens v ded the width

trai segnment 48 extends an. equ di sfance in bath )
of f‘ﬁé%@gﬁﬂw facesdar wag iﬁﬁwnﬁhww&ﬁ %ﬁ Blg{nsﬁae 1359 of the straight

sectRGeRd th%QonJlL[btl% %Eeseomc’&dlbgﬁﬁ‘é enBYQWBY & forth 3RPvarious segments.
segnent 50 may be asynmmetrically | ocated with respect

The @mpehﬂ@n&t maiching of eyierm 4248) th@‘dfslétctun@ ey pe segmehto a50

t.hat t t i t.h t
‘e Ol et A BN A PP BBFREE whgeve one
or AdrdRhHG shBSIn&SASWH), idhidDcdphsitd®X Aol SN @ r @fhck E@arate tuning

dielectric constant of the surroundi ng medium (i.e.,
clementstibatapayebeofscth bokise apigaesstZand ot her bi ndi ng

OfSBLB4018 0 DN EOYEtin L9 DAL LI B By
dlrhéhsﬁihﬂ ef modifRdhiil e antBeTaers eldlupomemdthampfgedf RHIDetag 40 is
npedance of nodified dipol e _antenna 42

de%%ﬁﬁd&@ atley yhawticlidelbe 60‘t€ﬁfe wihitp digalmeh brag @fy %ﬁ%ta&ﬂo is
desff‘g‘x{%%rsﬁtﬂ Wrat o hfﬁé& Cdo?e &ﬂérﬁﬁ 4}6}}{ c&%"aﬁ GRbieS 'BSE siRRA even

negati ve reactan | eve conj u
whﬁmt:c‘#ﬁrergby arhwhd‘ or&dhdmpdy @alayn bﬁ:n pas@kﬂ Wigth b’érAd;em}glvmkdss than

to hav |vaI nce an u
aplafﬁbla&t?elﬁﬁ {stpat f 3&% mgrwrﬁgrﬁ@y %é%@«ap BRRfoximately 7
mrh W€ 3¢81RL) 1R @J)lﬁWcaéé? QUQB @k 4 fHeecﬁnﬁiﬁéalC{b @he width of
antenna 42 to include | cop seghent 50 may provi de

modified dipole antenna 42. In other words, the width of RFID tag 40 (Wrag) may be
approximately equal to the width of antenna 42 (Want). Length Lyag may be determined
based on the length of modified dipole antenna 42. The length Ltag may, for example, be
a 2-5 mm longer than the length of modified dipole antenna 42, i.e., Lant. In some

embodiments, Ltag may be approximately equal to Laxt. In this manner, the width of the
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nodi fied dipole antenna 42 with inproved i npedance

mat chi ng capabilities. Loop segnent 50 provides
WOorwoN#ss67 di pol e antenna 42 with a nunber of dPEENS10081678308

that may be adjusted to match the i npedance of antenna

42 to the inpedance of IC chip 44. In particular, the

di mrensi ons WANT, and LLOOP may be adjusted to rmtch
RE{Rdag HhalipsrcRFIE} tagd0de ha plscd ’él 19%l°ﬁﬁﬁ@&ﬁﬁ&@RF@ SR

1nct%ﬁ éjlého"ag e fnke %qutdpoﬁslgﬁieg e"ée N ﬁgﬂ‘@%ﬁ I?egfj'ﬁlte Iﬂgﬂ g’{vﬂlte(gbf Qe edge

onductirve traces (‘or rat| ween t
of tdvh pagatlouind éntd ledesdiog of Hibock) akght ofe o tvhaln dhd leegth of
he | oop segnent) used to form

gg&uifﬁ %%wt éﬁ%ﬁ%ﬁ&o CTECHNASR ERSAVE 2Rt EEPgRGoB pignal even when

1%'311 R &by BethBdd off pdiochip 44 may be referred to as
pa"t ﬁl ngr o};are]tenng Er I'n sone enbodi nents, nodified

[006i0p dhe damtrsivma dd2ribed alrae evitnesmact ook B tap 4O greontimsized for

onérai S8 B el PR AT RS i e RS QoHEE o 930
MBRAt R Aadifié#0a9o HREIRlimessidtd hiyped adSsudh $hd RFUDLUEs 40 may

have a | ong, narrow aspect that follows the dinensions
be gptinirgil f¢reqpethtlpe vathamedangoraons ofithe URFreangi sich ayiagnédthe 868

MﬁFé %Se%nzlﬂ#? %%Ih(@%:r ggg g/hl—tli(ll%é O@HE&? tr ;Plgo?l garﬁéle b[ﬁe length of

thedtasdifgio¢ dipdLecdntdninati2 Mgt fiag Ge dhqaofiel ianherneprégortiBy to the
receive an interrogation signal even when covered by a
frefugrgy 6F opRrAlan- b%wpﬁraﬂ@@/ ingurgpeafrthe lpwapicerter fgoacney @268

Mlg%, éf ﬁ% S atBAR: lgrp%ﬁ nﬁlraglb ¥ ik PeaT é}ag %&or(ﬁf 9 5/%8@ efr operation

re pref han approxi mat e
in [apbo bt the highbnmmw)freqhmcsmeS satiés thd?ﬁit@lﬂadglgﬂﬁ) Lamymbebe
tri dto ﬁng%tg of nodified dipole antenna 42. In
deqspdsEn D qufr? S@dth of RFID tag 40 (WIAG) may be

[0@E%%1%ﬁb@¥lﬁcl§ﬁk@f REAp4g 4%&&*&%&@{&&%&&&%@@%%0 does

ength LTAG m ay be determ néd based on the
nogfrotrodii figwdcditlydien drtserihee dithe Ttield tervdtith LTsOe(Hanh@d If RFID

f exampl e, .be -5 | Qn t ha t
g A prp AR T Gnly Froi B au R o FR RrE Ry be
peiRBRABle ABM Y SinctabRGo m&mag@o@@%eaql Lol ka@@kathctRidhOOFRFID tag
In this manner, the width of theRFID tag 40 all ows

40 Ry beting rameed ab@mm%@la i 49 mactatl Yham: Haonggrbodmept, RFID
tag zﬂ)grn“;?héx%c ONRRhEY %?%Pé{gxig%‘?enlg 6%@ I RP0$EH: glrd beqllpget‘stolgﬁ that

er (area near ere one e

otmﬁg@gh@aﬁopmdblento the binding of a book) or spine of
ok, while the length of RFID tag 40 al |l ows
[00&8& ﬁﬁ.déﬁpr&aeéab%veaﬁf& Hmpg geiude oalﬁ of Fos pdhgsit's byers or other

sulga!é)?a';%%lcﬁ%@ﬁ MOR0 (Pakch #d the ?@Xfﬁtﬁgleqx gt, Q%ogﬁﬁ GnQhe @

embodiment, for example, RFID tag 40 may include an adhesive layer on either a top
surface or bottom surface of RFID tag 40. In fact, in some cases, RFID tag 40 may
include an adhesive layer on both the top surface and the bottom surface of tag 40.
Adhesive layers, however, are not required. In these cases, RFID tag 40 may be placed on
or within the article without the adhesive layer. For example, RFID tag 40 may be placed
within the gutter of a book and held in the gutter via the friction between the pages of the
gutter and the RFID tag.
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[ 0060] The di mensi ons descri bed above with respect to
RFID tag 40 are optim zed for operation of RFID tag 40
wawrabiogs76he UHF band from approxi mately 900 MERCT/OSH8078308
MHz. M nor nodifications to these dinmensions may be

made such that RFID tag 40 may be optim zed for

0égeratl on wthin other portions of the UHF band, such .
[0063] EiGunts 2 S5berags dipgramallpyséng aupiensxseplasy REEB tagp0 with a

e f .
AR a2, DK ARATR St 2R DRl bfhrially o
madifieelr dipolp aojooiid 4Dof K16, # hexcéptecpresegyneof Shpiemadifioh dipebrantenna
operation in Europe at the |ower center fr nc
62 &ﬂaﬁywtﬂ%ﬁﬂpfdp@t%ﬁw% FREPPL ) BFP NRSARFoGRESFLip® gfﬂgﬁheé%%f
dlﬂal/e ﬁlt&ﬁﬁ%@rlns%ad%e %%ynﬂ&n@d@l?rl@éa't&f‘witﬁ re3fRa o orﬁéﬂﬁc

hi gher center frequency of , the antenna Iengt
ceritgyNme ARy Iibpardedar mghtbiypqie famant 4961 mméﬁ@ﬁﬁlpo[l@@ﬁdqna/& does

nol ittt i T PoiR Vel oyt t IR S GnSiof e straig

digol OBt A6 A6ETIOd dipbR Akdning 68 ckRnudugticr éloﬁ%sthe axis in one
attached IfRFID tag 40 protrudes significant fyr

dire¢tonghart the othst. AndesaribedaboyveRifpitingdoarosegapnb) so that itis
as;%?rng l?y { Eat%@ 9&11%[%'?5%%%&%&? Bgﬁt se%%gt%éjrre%ﬁl%ng\ﬁ?odlﬁéﬁs dls&e

ant@fmaa@zpbeﬁﬂg re8d ﬁnyl‘u@e Qbv darBub @aﬁrﬂé&rmﬁm lrr[bd@ﬁhﬁl dipole antenna 42.
enbodi ment, RFID tag 40 nay have a thickness  of
Forgamls. meadifisd dipolpsniepna p2 n@ﬁ&sﬂ%ﬁs BeNsifhigde é’%%)nﬁ fhthe
i S e RRER b LIRSS LR ROyt
bmdiﬂgematsnalt;)ab&keamithemehmptb medified ookt ztm@hlatmenztyal@ less sensitive
an artlc a book). In one enbodi nent, for

e dg.,
to yarigps dipo qiﬁ§@h?ag 40 may include an adhesive |ayer on

[0(%4] @@G QistaORh&HA{ A8 iRQLHANY SHEthac&Rb1d a'r:kpllb@e% Pwith a
In fact, in sone cases, RFID tag 40 may 1 nc ude an

madliffesisdipelc Iam;ema ®h RBihtagHe cloofmrm& stﬁlazmtlalrhsdtd REDeeHdmf FIG. 4,

o RBbpATd P micip o e m e Bl RS b B el ian

mdAifidd stnlaigm a leankdn@h @s W FlapY! It membﬁgl M@dlh@& @ipold@itenna 72
exanp D tag 40 may be placed wt hin the gutter

mcfl#dea fqié éngrmms Wb‘}s and /B Er@llgmeér “faldsagmentsy 1400 logated at

RS BT Bl B O D50 s g acme

poidatthe cusxe pthaiditeRidnld ftiesp Lgmént 50 a’md@ﬂtaﬁglﬁ @oﬂiomhz& runs
antenna 62. Modified di pole antenna 62 conforns
pa@U%lswhftraaghtyegrae%§.t?wé lmmﬂg@eahi% nihopzh deldspgments 74 are

iIRYGER N FRO] a%inlgp‘%%gegg hgg ﬁde%%eg&&&%,goglg%g@?@rs %%ay take on

IS asynnetrlc res
difteeertt ahdpicr. eFErZexrafnpﬂdj eﬁolmsdgrflemest may be formed in the shape of a

half-rectangle, a portion of a triangle, or the like. In any case, straight portions of fold
segments 74 run substantially parallel to the straight segment 48. Moreover, the size of
the folds may also be increased or decreased.

[0065] The modified folded dipole antenna 72 may allow for extended readability, and
thus better tag performance. This is particularly true when RFID tag 70 is located on or in
an article that includes one or more other tags. In other words, modified folded dipole

antenna 72 provides increased performance when placed on a multi-tagged item. Fold
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di pol e antenna 62 instead of being symetrically

| ocated with respect to geonetric centerline 52. In
w@a0owiogsTbar, strai ght di pol e segnment 48 of nodPET/E82008/078308

di pol e antenna 62 does not extend equal distances in

both y-directions beyond | oop segnent 50. Instead,

strai ght dipole segnent 48 of nodified dipale antenna
Se%lzen&?ﬁeﬁa%mp@@%@ﬁ cHeeghiy lenh of @78, slipvgpg farimere flegipility to

I

tun%ggglntg :bgga%getggg t .ﬁé\?ltlgﬁ‘eﬁﬁ)’ f&& ge 691}15670 4a % %%: gt@'gla t%more
respemsp)\&ctb ofads sighght Ms;ecgwemfold&grﬁsud; tay igiverRIADf tagd0 an input

ol e._ant enna 62 . bein Si e to vario
imj Bffeatis MATE RO e naf%f @ érme? the artjelgs) with different
dicktaiPédstaiRdi fied di pol e antenna 62 may be |ess
sensitive to variations in the dielectric constant of
[0(16l6é Iis theresamglieri JustaetidimF(G. @.the witth hétheasedwtivb geksforming
es . and ot her  bi '

strBRHR AN (ST 4R B lbrte MRk Fortlss iRy R AE g cquat t0 1%, and
a SPRR Vet AR ahnddd ¢ Df ﬁiepdé)lnﬁudtﬁi@ 3tabs for@O5kbp Eé%%en@ 50 $hat is

a schematic diagramillustrating another exe
paIRl:tﬁDo shgighioseainent 48 nsldnsideadgsi qfcslnfeccmdtl@tn@atramg foarnngtralght
se [ c%é )Z(ge rgeoe(rgn’gll EB Ito%%ﬁﬁatgg % énwn gr équgl toq%i %ondag‘lve trace
widltl deds dndmﬁ@;i dipbler rzhﬁ&nhzﬂ $2 eﬁEiIG)f6 rﬁa}“lﬂzﬁlefal widtisthagisght

di pol e antenna as in I n other words, npdified
apRyPpiEtaely Aows ives the wrf*éh 98@@ OPEﬂhBFU% faesst 4n ougeraberlimag, the

I

cop Rl St Bl Ao ATINEN Srudtha 2 ALY Fhinirmum traco width
of @ Mecaerﬂmzﬂﬁaetanhg pmbssde gaapproxienapay tlinom. Thas, ncaditiesdipole

int dir 0 oop segnent 50 and a str.ai ght
antgpRd szolilﬁstSH Byl t@ﬂg Sgalﬂaadﬂraﬁn SRS é?%a%afﬂ gbg sppgt to FIG. 4.
[omr@i@ 1R ﬁeﬁﬁm dégranﬂuhn%&g ahedher SRR fRFiﬂ t8% 80 with a

strated in FIG [f-circle or half=oval

mofdoiafietipale gntenas§2. bedlfséglumhtt sntemng adoafams dilhstatigHy to

o CionlE E TR a1 By S o) A 0F O D1 i g Hodifed dipote

anfehh280f0kds i difd€tidd KFositdthadMycatias 8f lodp lsadrBdtit SPOIA thens
of fold segnents 74 run substantially parallel to the

emb@dlmeghtllugfé@ﬂdamthﬂsxamiﬁ b K. 74, alysingef dic folsls of snagisfied dipole
antre%%a ?j ol ddelg ltlgé]c? lfe%ﬁgf’? S%SJSH? ﬁ%ﬁ@@%ﬂ of [1 ﬁ%%ml{teso However, in

enna

othex tiebedichehs alstah IoftHeyfolda AchytfBldSIn loigs dh&rcnbﬁgpmrté eatBaddn of
This is particularly true when RFID tag 70 is | ocated
loogrseginentpOadn ﬁlfﬂtl?réla&ﬁ DANEVETEE Hedh obHie aélfenﬁﬁ ey derparthe slightly

lar%%%ﬁie Jrith, d@&lﬂ{%ﬁsﬁ‘)\ﬁg @Reri peddf bol € dF(tIch\%ﬁ %ﬁf&‘rﬁ&‘&ﬁed dipole

rovi des 1 ncrease or mance ace
zmmmmammyh@gbdxnodwN§F@hﬁsegmpnts 74 also |ncrease t he

O BB B i SR B Ryt it
mddPh < BFAFBRRna$6. Bike TREBn ¥ & 11897 £0arlTOiR 84 of FIG. 7B includes
at least one fold segment (i.c., 74A of FIG. 7B) that folds in a direction opposite the
location of loop segment 50. However, antenna 86 of FIG. 7B is formed such that the
width of antenna 86 is substantially similar to that of the antennas illustrated in FIGS. 4-6.
In other words, fold segment 74A does not cause the width of antenna 86 to be larger. In

particular, a meander segment 83 slopes from straight segment 48 to a beginning of folded
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responsive to off-axis signals. Mreover, fold
segnments may give RFID tag 70 an i nput inpedance that

WO g0opo#8I6ToNnsi st ent when placed in books (or oRGEDS2008/078308
articles) with different dielectric constants. [0066]
In the exanple illustrated in FIG 6, the wdth of the
conductive trace formng strai ght antenna segnent 48

scpt {He, whishitlocyted amr@%@ﬁ@m thg sarpe istsacepthe xtdreption as the

seg?ﬁ@lt ar B?:&nﬁ%%%}l%%g& &§ob rméjl ?ég%%n? ﬁgtﬁlalp % ptagaﬁlgfﬂerﬁ%%lt ye%rnent 48.

Otlsdrsahiggrtmekifjcariohs dBtha ldalglmsdlplﬁe ee@&emfrnatyhxe noaedo céduee the
Ee form ng straight segment 48 may be equal to

Wlé\%ﬁ WRERy 2X, where X is equal to the conductive

[066'9?@%"9 1gtar§>che-ﬂiﬂfr% dléf%&’thfﬂh%@raghg%cﬁh&%&%ﬁﬁry RED ¢ Flﬁ with a

have a wd i's approximately four ti
motdifmdwllphlh axmfenmah%Z cdodidct idywl¢ amces. 92 cm)nfmms en’ttzmtlaﬁyl tq

motéiﬂ.?eéi%ﬁgag %Itltlﬁ;ﬁt% %@fgﬁg} %nh at ?é}ﬂ,]b?}gﬁg%l 18iS %Hrgcl ﬁ}g lggnnected to

mo‘élﬁte@icd%ﬁ&e ARk 2L1 WithMGtRIAE 8PSlc BgMlent 4RRITAi g @bY¥le antenna
1mm us, nodified dipole antenna 72 has

92 dnpiead nh idIn Wpopiseiment SBi nensi ons as described above

[OOghg@Iégsd) ‘ére hSCf:tluStI‘atl{109X667 aé %Flﬁoélég}]l %r ngalegg% REID tags

ram USt ano

deMgﬁeld iA abavAd dnice e/ itdi tp@{eehraqﬁ@mfahls alsclwblﬂ*ef A@dll@t@ﬁﬂd&n FIGS.
antenna 82 conforms substantially to nodified di BOl e
9-lZntherpignalstrepgthmidhe godidigd gipolgpntpngs is o geroshia b1 ds

“mQkinfRE ”fT}t?eﬂorg%uP&Ia?mﬂRﬁ %gﬂ? sBéndiRlof ﬁlelrﬂ%cgﬁg(? é}lﬁgﬁea(ﬂ%nna provides

opposite ocation oop 3segnent
theeadvandtagrestt gool Ipasformadned ovver d wWele exarplf e andbiklyGnheféyt imaiticles of

onpe of the folds_of nodjfi ol antena82 ol ds
neqtly RISt ficdn I%Bﬁ&gpieét' ?f?eﬂf B Al SHABP r%lsﬁt)@%c@lﬁgmf books
incfies B@&@Vv@ﬁh m%ﬁ‘lﬁ@ﬁrﬁﬁfdlﬁgf%ﬁfj&@ﬁ@ttrﬁ'coﬁéﬂnﬁs Qhe {ohxearlﬁ% Bsok

may fold int diréection opposite the location of
prdpedes se@n@mlzeﬁ(eg Ithnicle bt thér), pasetypholeey evhinyt dHey-ildd pap@fs or

o B RE A P et bl S Pt adlBS oRilSed redfeiatly on

boél@é’d\feks%@cl@tég) odigreront SIHGivERYscB o Qﬂt&ﬁ%gés&o tspific Sorbbhdm
range. [ 006 FIG 7B is a schematic diagram

lntisrlffrrglscteﬁ,a&uplm gs @ﬁbtpllfetag SReiRgInegnys tRe Ip ve arpre thapjonp tag on a book.

YRl LAY UL R, PG AREOTRLAR GyFlGngio veo
tagSRGIFRNDG ofidrak. Wlth7§hASﬁEtOF}} farfofBantdiatant, @j'pﬂfoflbﬁola
direction opposite the location_of |oop segnen

[00781nEVEr9 1srgrapinalugisate crpaplappRFED ﬁl@flﬁlééreggré rﬁort %F%T@g
de%tgetdnn Qb cRRE Wi‘thQFe J[G%hl‘ﬁ&@%td% @llilik:a élé%s mTIh? é'n?[ﬁ%rslq{l: ID

he antennas illustrate
responsdsesulltolilthsgegdentlG.HAs cﬂmeasl RIBD tag tise indhelewi divddifddd dipole
ant%rrllrtlaeonfn[ﬁe E;%etll?usl‘?lr(aelteldanrl 9?6 4. ﬂ this test, the length, e.g., Lioop, of the loop
segment 50 of the RFID antenna was 25 mm. Loop segment 50 was initially
symmetrically located with respect to straight dipole segment 48. The straight dipole
segment 48 was initially 165 mm in length. Segments of 5 mm were incrementally cut off
the modified dipole antenna and a test measurement was obtained. For example, the first 5
mm increment was cut off a first end of the straight dipole segment such that the straight

dipole segment was slightly asymmetric. A test measurement was taken. Then a second 5
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particul ar, a neander segnent 83 slopes from straight
segnment 48 to a begi nning of fol dedsegnent 74A, which

WO 20000¢8762d at approxi mately the same di st ancePCTIUS1068/078308
x-direction as the segnment of the conductive trace of
| oop segment 50 that is parallel to straight segnent

48. Ocher simlar nodifications of the straight dipole
Mg SR Wi yerpRy chdEpan the oppeiteendiod stipightipgle semment 43, thus

R B bR B e SIS e s
segmﬁdits‘ wed 1Iﬂ¢rpmb1ﬁaﬁy1 teamivad $om dfgabisfte etisdinpibthe tatal length o8 Rtraight
nforrrs Z?ubst tiall y to nodifi qug' ol e antenna 42
© JepraCntytS Watt Htt mime 1 iy menngrs the RICDr Teananss way Miqa i eifor
strﬁlg ﬁdlg k%m&"c Mgﬁls Y 66 Ritn 9021@& ki nl"lﬁtm'lﬁtlél% Wik RQL& for RFID
Ified dipole antenna 92 i nstead of
resw)mdmlm fico spacs €gmenent&Oby [106 ]7@4) afdl @Bilc InstRredimeo theguktsr of a

| Justra RFI ren or RFID ..
bobiy e IR Bt i g RO nEE A RE e Espphoe on dipole
lent tﬁs disclosure. As illustrated in FIGS. 9-12, the
nal strength of the nodified dipole antennas is

[0057t2? drsgllwél‘ratﬁsisn shagrapi of a6 9mh¢ mottedsiisdel anterdiarafthe RFID tag
showIP5e ksirgﬁp%n%t 0 f?eetsia)ace fg? 9 dlé)o K etggtﬁco)k SR RLERN a peak fesponse

prov van or mance over

whl’eﬁl pERcdivitharthabbdk zit)a dlptlsle Nedigth dfrubaté 140 esn. ofherﬂeﬁgthy)f dipole
any protected area. In the context of a librar for
antgRippe be pelectedbiuch chat die medifisd Ripolsran saawensinder erskenal

1nt§t]f&glllcfe £31% %agéeﬁfb Mt 1@9&%%1 6F &16 eEtr&Q‘?aZtiglga,g fptaﬁlyl@k or

vari ous book prope t|e such as si ze
[06781 R)G. Iaipanothymp@spl élugtratu@mﬁﬂb gy sfredgtietbr pagdesexemplary

Eﬂsf% %f&'nteé &ff\?ﬁ%e rqs é%e Wit iffﬂ?g&r@q‘éggf@ésp@éagﬁr? Brthisdest the

REEOVES Seli 36 k&lcsate 1 rgil,ﬂ?trs ¢iMist:adl§s FYE S (He &b fitRe §nt@&dign as the
pages to spine, or other interferences, such as

respis$ ini IgIGe Ot &g demaribed mhev, shetihdital tag\cenﬁgur@tldmnludﬂba faymm

book. Th rralrrum3| nal tre
e PR SN M B ATE 190 SR YA Y & AP lovtied with
resgs&w ﬂraﬁ%tQﬁ’[ﬁﬂ @k&nvnt g SAhS fh%Qfl@lﬁVreﬁ@lhé OF fIRNGS rhikd tAY with
e of book 0071] FIG 9is a raph I lustrating

no @f(fgm U ice RFyopbsd glme vsith keprpchtof 6. Qnhawrvor.ithg> mm segments
we erset”r?)Qg&j fIJOHI %ﬁ%grs&g[% ?dev%ftt%: t%q% p@se %?en?ﬁ% tfllﬁs increasing

osure. esul
thd dohaimit 6RbfEEt bhlobp @egrﬂeﬂtSOfvﬁﬂl @§pctolhé aghtdrhing of Nclighddiole
a nodified dipole antenna of the type illustrated in
segmpant 49, Tey magswements Warga2aipialemat e@clg 5 mm jiggpmentdp Ignggh from
165 ARt 50 of the RFID antenna was 25 nm Loop
segnent 50 was initially symmetrically |located with
[0047d$ fde responsstaf dhcghbdificg dipelcsagemaatin 48.bodk shsty ablg)lad maximum

frogbg%pgt%gl%m 4 %@%‘%er{gﬁﬁ)éﬁ% %%Sg%&%% qll}g]lfel ?gsyiin%?e ric modified dipole
across a broad range of dipole antenna lengths indicate that the modified dipole will be
relatively insensitive to the exact value of the dielectric constant of the surrounding
medium when the loop is asymmetrically placed. Moreover, the antenna is less sensitive
to adjustments in length of straight dipole segment 48.

[0075] FIG. 11 is a graph illustrating exemplary RFID response signal strength for yet

another exemplary RFID tag designed in accordance with the techniques of this disclosure.
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the nodified dipole antenna and a test neasurenent was
obt ai ned. For exanple, the first 5 mmincrenent was
w@ei0voig76n first end of the straight dipole sep@Bns2008/078308
such that the straight dipole segnment was slightly
asymmetric. A test neasurenent was taken. Then a
second 5mm segnent was renpved fromthe opposite end
In s teptrthe BRID tHepureé taeggee thegesulth fiistakd iyt ihd vy of the same
e asur
oy IEhE HEBLe AR o, B AL p Ly SR bRl hoated
loopppgsetited Oemah3 7unin insttddeoft 2t @in. | BregR I Dofag SHavaivgh twas
. dipole segnent. 48_was. 100 mm Ip thi nner, the RF
mcr%%%ﬁkvﬁ«%&gnms%m@amf P MPG; %ﬁ r%ﬁaggﬂée Wi FrsRgct to H o
Tth g%&g%t:kl% Sqfth L tholifR dlpold Bt R Rilipdy mﬂo}tzﬁ F’ﬂlf‘sgrated the

response in free space (represented b I ne
leng829f laopisagnicnes50 nEthe nedifiet dpelhengond eifectsf tha sigoalkinterference

nd [SEHERRER e et el p ket BB Engt h. [ 00721
[00%%] Fid UBE kah&dei %’fa]%ﬁ']ﬁlugﬂirzﬂﬁﬁsan@fhef: bemplarytREGDRgHaAl st@hgth for

di pol e antenna o he RFI D tag shows a peak response
angtherfqxemplinn BEID a2 ¢esginpdineadeersignés with the0cehmiqugsl obthpredisclosure.

[ nse n_pl Wit hi ot Q t [ e -
S LR L B S s R

thereyulen S&b et 8at thel tdoptsbaeit?® ofokl mbeidicdidpleart@iha was
conpensate for the signal interference and | oss caused

incggmerillypiheserrden dhe mpwcs desaribedraeyieivafhsreppegp ey h1G. 10 fo test the
affga(&%%e iﬁ%r@ase]ig ak)?rnlﬁ@t?fcgled;]ffsg{ Ll rés.b&f% E%tc'ﬁﬂt%rlﬁqélo@ straight
S I'D tag

Si gna rengt h™for another exenplary
dipdésdegmedt 4 Hodongthio€ thevibdhsdghent eataimodue 37 afmt Mhsresponse of

di scl.osyre, In this test the RFID tag used t ener at.e
thetrﬁglﬁsi dhople anfquia iy %bﬁiaolf b le 19) S&f?ref-fg”@é%lm om a
difdeSieARhaa0 iR & ES0Mhe TIE Flefithdrf thSredSRSE bPEE 28RN tric

the initial tag configuration included a 165 nm
mogtificali diprlc dinosd @bwed nangt ofidipole @Eenmaldngtps isdigate titat the modified

initially. s tricall ted wit t t
aingl 1 G T ahsc o thg SRl bhu FiEs Sehusaa ahe
sufdbundify h&HuM W Rcaghé oopiid AsyRtn@fitaBtpladddl M&ese8ahé BREnna is

above With respect to FIG 9, however, the 5 mm

less aqpwiiiye do a@ipsimentyol ety orptreiehy digolsisagmentsi8de of t he
Caht. di ' ' . :

07! B ok S RAG BOLEER 1 gl S EER My R ARy
meaQit@®fdrian RAD ts¢ tvath@hontiniohsl dggaenived8s tWeRFID tags having

nmeasurenents were again taken at each 5 nmincrenent
mqdifiqdeipelp apicaras o5 ShtH gcaudanem Vittohy dqchmques @ispislsglosure.
T b RSk IS eleR o SR et 05y PREH) SRy fhscd in Figure
8, dilifering spthn $angdf (It bey) @$ yhrertedp scpnmend’( oetdic diqplafiel dEposloastenna.

Th%1 Iﬁgsrt gigggxg S %1?50&{361%?0'5 |ea| lg(%tésee%nmaenlc ? 6] g/&tn?ellgﬁgifo%g %f E? %}m. The
second design of this example has a loop segment 50 with length L oop of 37 mm. Both
designs have the same length (Lant) of dipole segment 48, with Lanrequal to130 mm. In
other respects the two types of RFID tags have similar dimensions to the previous
examples, including line width and trace thickness of antenna and loop segments, substrate
type and thickness and IC chip (attached in the center of the straight dipole segment 48.

The conventional dipole antenna tested in this example is a simple straight dipole antenna
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relatively insensitive to the exact value of the
dielectric constant of the surroundi ng nmedi um when the
wo owp/ossseasymetrically placed. Moreover, the BCIE/ERV88/078308
is less sensitive to adjustnents in length of straight
di pol e segnent 48. [0075] FIG 11 is a graph
illustrating exenplary RFID response signal strength
COMBEISIPB WA AbIzh é@nd@ﬁ@ﬁmgémeyltmﬂntq@de% Laprreef 39 mm, including the
[ |
IC?&%@E%@Q%& \é"cte%ﬁ}l Bl%tatlleoqgé;e 0 gen e@a atgt ﬁrga! 1?% 1?%1%& to the
madifiadsdipelt entenmsfolf Gis alikcm&e okitlidue as*.megﬁsmgio as t he

t FIG 9, t ot
[00_2@ it |Sgtert&sftsaqf§30h %@E i&%@]ﬁms V557 e S cach of the
tags Bl g?a‘ée@(xntgﬁl tHF8e dTﬂ@reﬁFﬂong aPhe tﬁ‘f’é’é’edb%ks i¥8% example represent a

incrementally shortened by 5 nmin the nmanner
range ©f dichetiicayopativd ore wcsslfb ex:pect » fid3n comnTdmdy peslebledbrary

boplop HE19 b PBETERES) A GEhPBI Of GoR QBgHERIH! Gr) PHkbe los
tanggt 'e(ﬁa#n%ﬁ 6 ek Sf tb%gfgsaco%fet %&{)@agze%: ers1dMMcludes g column

ence and 0SS cause presence o
indi¢aging che total pageathicihsss @GptpenifipoihO8ath bodk. TR tosl page thickness

at tgnOt gporlgt?llg 3]??3?1;#6('% ggfltnr%]%tg% ﬂ%rp%gg(se% ST éﬁ%ﬁﬁpl rt]%/ealg)l:olkl:t)o the midpoint
pa%eev'é pegkH IQFI@&@Wa%n&s%rt% tJ‘teEtrtﬁe Leshor ﬁfé%of?fonttﬁE tﬁ%t .

osure. RFID tag used to generate the resu

illustf desi|gn as| tolaepage
rezll'”ft |t 5¢ of th@ickness
nodi fi Y
the ma 'sz‘fe' ;
test t S ihq i
withr [

1
segmen
37gmn THe—t-BspoH : %g ngl? i
the book (i.e., | P nq 313641) B%HQW%I&UW ABXi mum from a
di pol e | engt h 140 rrmat o0 120 mm The 1g}t%?engt h of the

[0078% Fbn sespofisctsipmabsfyamie bf the RfcIEN thseasdd gperhmencaldrygs scimg each of

tne@Bhiaas oF Buanioher fedlt GaYer kv prfiebReRs b yger st
and RevBX&abvedlfe tiRftedt Nehek@p Sk sigha LeRé RPID @fg h e book was

surroundi ng nedi um when the loop is asymetrically
detptral@e@ forippeleoivtbe fags mélcacih tnafmqh Ofﬁlelbegks sErsicsulireg ewves are

GRS HIBILS L E0gh L Lot OpL e SRR i cgor o
RFSD@Ahns @Gt Mhe (hi(l@ﬁédnﬁwtr@ they d4re peiatde hddedan alRFI D
tag with a conventional dipole as well as two RFID
APRIGYEARY Oh HherFBNOnsLef the fePe ant ennas designed in
t
[0S 9}%9 ﬁggﬁ g@ F@éF%H?da%l%ggéﬂd&#g%él@{eth‘iJ‘d@c‘llgéu?é:éh%weﬁm&'}%gh
valhbteoﬂi‘létpbnt;aggmdl Iaslsdsmp:tredi td the Eoguehaoial dihold arterng ilm FI(B\ €l3, the

LLOOP the | oop.segnent 50 of
cutafp Bg ECDLERCRIS h2e 51gnal strength gf t?l %ﬁD tag havcl)ng the mortrio e(I antenna with

the 25 mm loop segment, curve 112 represents the signal strength of the RFID tag having

the modified dipole antenna with the 37 mm loop and curve 114 represents the signal
strength of the RFID tag having the conventional dipole antenna.
[0081] As illustrated in the graph of FIG. 13, curve 110 of the signal strength of the RFID

tag with 25 mm loop is substantially constant across the several values of dielectric
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The first design of this exanple has a | oop segnent 50
with ength LLOOP of 25 nm The second design of this

we@x@apsssehas a | oop segnent 50 with | engt h LLOBPI/08§2088078308
mm Both designs have the sane | ength (LANT) of dipole
segnent 48, with LANT equal to0l130 mm In other

respects the two t &gs of RFID tags have sim| ar
cortﬁ“wfvé i thp hreebaoke 0% eremBleedAaptladvely enstraf signalisiength of the

{ h@gﬁ
réwﬁﬂ %5 trﬁ@‘ffolparggf e§e &dpraﬂ egegﬁcgnns %ﬁ@:mgmhlgy system
des(lgt bmh@dhe sighdlestresgth emaydfe alpbmxahata]yghé sainepfmlr anyg bowiewith
Th t | di pol t h
dleéfssgmogl%%otnélet m'ﬁ%? ingt FRFgRECH f% dichaghis & ﬁ%%ﬁﬁw' SHAPIS] ng
[0(%_8’%8 T&Y Hfi‘[lve q(l’@ gy%%f%ﬁﬁfg%@lg{h%%é RFi® E%It w1|t1?ﬂ19t3|7 ﬂnﬁl\lg-oﬁ)gegment

i ncluding t 4 attached the center.
shatd a dxtdn@se esppotdfo thheesgopelseznahefetha 85 imsm dappi atahednghdstwalue

h di fied ol e ntennsofths i scl osur e,
of a}l Feﬁgo cogstlala)t g—icgv%eéfﬁﬁ ¢ signa ffé%}\ﬁél} 1s-|tﬁ]g91§$1§ ﬁgrllsgan? over the lower
valatd enatiberieosast c@fnp&ﬂé@ tﬂﬁ'e@oh@@ﬁoﬂﬁrd@pdl@@%{eﬁﬂ whi | e
each of the tags was placed within three different

[0083b /S ctive 11 hpedhetsemrbstiangthrifsheREHp fag widpthesentengional dipole

antfgnagﬁ em;lo (i“ o seeg enté slpq sg %]ilaﬁ Strrgl}%?h %}10 ksqov%%%%}é thtfosignal

str&ltghlisvbffeuﬁﬁﬂfﬂtﬁeeﬁﬂm gk dadigndrih addorddiee il tBiStdidctosure. In the
constant ( R) _and the Ioss tang}ént (tan d) for each of

cx3rpRle HB@@@%@&G alrtel thsadma! stneagihes epPrAEINARLY 120-2 6Purssker than
the'etgg(ﬁﬁg @gle_reﬂl?en'hg ﬁ‘%m%{me t‘% g{éﬁgezgltgtthl% Eﬁcl’& gg:l“ﬁ% SLgflal
strereds of thd cblwdnﬁoﬂla] d@oﬂdﬂmt@ﬁgespéﬂlaﬂaﬂm bviaranbotbthe lbe diclectric
comEt e JIesthe tstBl TR drrech B AIOR IR it 114 of the
comhRRli&nal dl&%)éﬁltg‘ln%lt%ﬁlﬁ% enaRE ARASE IdeFicult 82 183 RENS system to

response si gnal each of the RFID tags was
comigtugicaicneith thy tag mci brpkeesphcially & heokRFitDathager of lowtendie]ectric

' each book. Only one tag was installed in the book

CORFHLY test, and it was renoved after the test. The

(00835 POBS €145 1 Dixdlgraphs b dRnl b dedigg idatatftbER PAPlagW@Baccordance with
determ ned for each of the tags placed in each of the

thegpystetplesTiescritied ieraimgThaugropls ilRyrast etanmdany nmprdpneechagges as a

TR —
acdorq@8e GaMNREtechgqidefdat displobuits FEGS. laddad lalSB @lstrate

apprOX| rmtl on of the respgnse_ of the tags., [0080] The
xRyt IEpSdes ichess phd Qe%%%&aéymg@ﬁtem lenghhs,q HsYATIOUS

val3BOYY ]fAeNl athll ﬁ?ﬁ%ulgll GGV A v&é&:hﬁﬁ‘ QR éélgﬁﬁlof I1g1pedance as

conpare e conventiona e antenn
a fligtioh Imévanymgemiéhﬁia ﬂ@gtmsfmm $0Q hmn ® mﬁahnstGm@t 12201[24 126,

12%215{) RQ;D rr}:ap\r/rle goe ngges,lfé)laftg£ 151?)2 @Vgg It(h s) w1th antenna
lengfHs8A8LR: Bbml 100, i 234 398 52V 11P9.857, 137.143, 146.429, 155.714 and 165
(in mm), respectively. Likewise, FIG. 14B shows changes in the imaginary part of the
impedance as a function of the varying antenna lengths, with curves 140, 142, 144, 146,
148, 150, 152 and 154 corresponding to the imaginary part of the impedance with antenna
lengths varying from 100, 109.286, 118.571, 127.857, 137.143, 146.429, 155.714 and 165

(in mm), respectively.
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the nodified dipole antenna with the 37 nm | oop and
curve 114 represents the signal strength of the RFID

w0 2@9%04876g t he conventional dipole antenna. [POBL$H2088078308
illustrated in the graph of FIG 13, curve 110 of the
signal strength of the RFIDtag with 25 mmloop is
substantially constant across the several val ues of

[0Q$5¢ Fe® r i 3¢ e ik t dherefessphs é cxampleyiBpREanse changceasahimetion of

' i - ftah | :
sl LU URL SRARAELL. ol PRESIAE ) LR e i
therreslpansd tianeheidagleiak y faysioawf designobe tagte ftore3& mgmad 40 mm.

Cupier 1081 ERaleh 1T BBHOPANIoN © HricE e Tl e HephsS A afgns) with
loo?ﬂeﬁéﬂﬁs ﬁégf‘llﬁg fR¥fm 403, & JHPIE i1|1 WS‘JS&%}%G% rem%e?v%%fgﬁ M. 158

e sig trength of the RFID ta
shdvooghasggyme e istagusrapatect tha sepalenpaasediunaidnhe the spgmgdoop

si,gnal . of th 00 t he hi ghest val ue of
engl il Gtk P e S 2o 7R cortEongh ERE T e g tpepef the
imp&latd Wih YoopaBstRIWarPivig Fronh £0, 138186 av@bM@s nith), resFectively. As
dielectric constant conpared to the conventiona '
canibpisice froaythe graph 0088 pted e FKGS S, longerdpop kaghis ghiator) result in
inc s & 1%1:21{1 n%fin}agl%aRFlotr)n to%%nt\émo‘fh} tipni) gopyent | onal di pol e
antenna (. ety 19Up segfen RoWs“a si gnal

[0086] €ng$ N dhatd 168 hrewedpht baexdndarsiigipadanst ceagehss Dfunction of
either of the RFID tags designed in accordance wth
vaiyHgs? $eee bewgepan Ingide kdeexithp cenductivsirregtfapmipg lggngegment 50

3 j I i r.0Xi - :
o o e SRl 423 ol 10 hercin s
loopoeidthd dn gertivutan, KiK. $6dishewoshanges ihhbe siabpeat ofsthe @énptdance as a

of. the conventiopal dipole antennag_js i cul arl
funchge pr LOPBYEHS ohe frpnd airac Lurtedshandnt? WSH?I&%O the real
pad bFJ[h%(iﬁlﬁb&:anQQ 08 baRs) Wath Y6 willng TBEhA] dnd! 0MBY, r&h&iRkly.
strength 114 of the conventional dipole antenna tag
Likeswysartik@. 168 shome cafded cuthe ifeginatyepaRRIf Theygtedandeas a function of

oG GRoRalb Bab B b PO OB S BaioR o
thefihipSdantd with 1868 widtBPHS3 Ras &l DmnieeletinglHakacdite Kb Bom the

tags in accordance with the principles described
grapbs dlustrateeh en BGYCGapH S, larden fopavidthe xenphaging batyeatagnciaside edge of

‘ g ; . Y
o R oL 0 N B T P e
forate@steagiascghéh 48hesilephintgied refl ahdiBadh&¢lcompoients of the

. FIGS. 14A and 14B illustrate exenpl ary i npedance
impglAgfes as a function of varying antenna | engths,

[o(ts%IZg FIGY 37085 VA !ﬁ%gr hs AR rﬁplé& i{?ﬁé&%m&%g 6111’ e5AG fuhdfon of

ws changes 1n th eal paert 0 ce as a

an bifeettoif te lodp tramyd gpnattiecanderliengf ths straighn st@@emrofitioe thé&ified

. Curves 122, 124, 126,.128. 13Q, 132 and 134
dlpgg ?%?%nr&fqr@%ttﬂ ok BEREL ofn PHECY Hp Budmee i RiRgand loop
dinttdstdn@ B8R PRconstant. The loop is offset 0, 10, 20, 30, 40, 50, and 60 mm from the
center of the tag. In the broad frequency range, there were significant changes (not
illustrated). However in the UHF RFID band as plotted in Fig. 17, the response is fairly
flat and does not deviate significantly with the various offsets. The real component of the
impedance experiences relatively no change, while the imaginary component slightly

increases as the offset increases.
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| engt hs varying from 100, 109.286, 118.571, 127.857,
137. 143, 146.429, 155.714 and 165 (in m,
wo e®peetrsvel y. Li kew se, FIG 14B shows changeBCi/s10n&078308
i magi nary part of the inpedance as a function of the
varyi ng antenna |l engths, with curves 140, 142, 144,
146, 148, 150, 152 and 154 corresponding to the )
[008%h HIFrgitipg plg loop may rauserrhapeas di the rediation patiean plethg mpglified

e T
(1.6 sgBmetbéulgpdactBBoaraed 60 aphsifaft. exarplan,202npeEdaneeos, 210
and SEREREesSit B radifempaucin of fipitna for et of Bal €0, 0. 50
an% Eﬁgﬁ%}, Qes&a@&i\feﬁal APARerftd had. q'@,etﬂ@t%Q§ a &@nfficant nr}rl_rITI] that

tion of varyi'ng loop lengths from30 mmto 40
dex@lopses thed0¢atib6 droatiside amthe B@&noor r espond to t he real

the i ance .(in o i th | oop | engths
03] F1hs PO 8 Sty GBI iy S Pol B fagdpnee of
twé- hitBMhaSRsighb Gin P 3NORRG CloaNg@ st 4 Hidith ThaHRAENE BRI t
~of the inpedance as a function of the varying IooP
impeagechel a ginventimeldgoleaotenng 2.c., withoprwlloppgegment. FIG. 19B
Lcorr ngdi he .| L har rt the i an
RS SR St b By TREIRGY R iogted g ERIEAR e o toop
sedtignt a$ @SPABED Mealciuil 2ABvE alh KIGSS €8A ahd 09B] fentI2®(iNGstrates a

Illustrated in FIGS. 15, |onger |oop | engths . (LLOOP) )
desited ypgion Fprioptmah e dares mafARDE AGITAAPD l@%@g&%@ nfg ilgptrated in
FiG A W@%@gﬁio&lap&)lggﬂe ot d&&’%o@?&i&%ﬁh@fegpgg&lﬂﬂﬁctgﬁce to

exenpl ary I npedance changes as a function varying a
masghatbe cheahple €0 chip. iAxsilderadbie 6. 191, oovdc thaiempedace of the

form | oop segnent 50 and inside edge of the
moabf#dtfﬂ??leén PR Ray ?ﬁ%ﬂﬂegﬁchr ng tosaéﬂgr@ﬁl@e seyeral wethods g

dedcPibBELEIVR t&acHi QRh Wb dland L MAE LitIQIG clfipG  16A shows
changes in the real part of the inpedance as a

[009%0h dtarrions erhbodampntathdydiseenfdegribedl ahtiesd anrhothGn embeditiBOts are
.and, 182 correspond.to . the real part of the inpedance
withih S R SR BRSNS of 3 mm and 2 mm
respectively. Likew se, FIG 16B shows changes in the
I magi nary part of the inpedance as a function of the
varying | oop widths, with curves 184 and 186
corresponding to the imaginary part of the inpedance
with loop widths of 3 mmand 2 mm respectively. As
can be seen fromthe graphs illustrated in FIGS. 16,
| arger loop widths i.e., spacing between an inside
edge of the conductive trace form ng | oop segnent 50
and inside edge of the conductive trace formng
strai ght segnent 48, result in increased real and
i magi nary conponents of the inpedance. [0087] FIGS.
17A and 17B are graphs of exenplary inpedance changes
as a function of
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an offset of the loop froma geonetric centerline of
the straight segnent of the nodified dipole antenna,
WO efoer4#83d7 t 0 herein as "offset." In particul arPCT/i82008/078308
overall tag length and | oop di nensions are kept
constant. The loop is offset 0, 10, 20, 30, 40, 50,
and 60 mmfromthe center of the tag. In the broad
fr e&deM NSt ange, there were significant changes (not
illustrated). However in the UHF RFID band as plotted
in Fig. 17, the response is fairly flat and does not
1. devidadipolsiagtenfia tantrhgio wichhertchredanaificatiter (R B¢ tag. cofipeising:

real conponent of the inpedance. experiences rel.atively
no én4ngel 1R;1'F|5%gf{1ﬁ‘é%i’lﬁ‘§§i R § eSS PR tiygtrace; and
I NCL§ ﬁg’éntt 36mf frafilta §e@&{(§@}t§cﬁéce{rl S8huhE3BEE hitBelectrically

the 1 oop y cause changes iIn diation pattern of

couied twolhie straghtdiipné ecgarng wlercifr b &1dth®fithd dipolcantana tydess than

radi ation.pattern as the offset. noves from O of fset
or AL g0 G § MadlnBP o ST SrRE ot b Br g s Saicive traces.
Curves 200, 202, 204, 206, 208, 210 and 212 represent
the radiation pattern of the antenna for offsets of O,
2. 10, Tho dipete a@mna 6 clard 16oh¢tiem t#njqopwegm@m yanpetrigglly located
o B Fein R PR oAl ARl pust v
loopregmenit. an[cd 08 Uistid e bdDAIRBENEIB are Smth Charts
that illustrate exanple total inpedance of two antenna
designs. In particular, FIG 19A illustrates a Smth
Cha i d - s '
5. ant e el Pl B el TR, BRGE the B ARMARY LAY ufLBBA located
aloin lthesdtragihe dipal SiegtnentGluah thaoh firdteottainadf thaaedein depodd segment

nodi fjed antenna that includes .a | pop,.segnent as .
extalé%qa e e SIRAPSCL AN @éﬁstldgr&ﬁgwhig BSeqpaflpertion
of ﬁl%gtrhﬂgh’é@i 5Rt8&nfAa BashdsGRsTBIIRD sEtherlﬁlFiﬁ bifBhpdsitP AR

mat ching Tor an exanple 1C chip. AS illustrated in

FIG 19A, the conventional dipole antenna does not

achieve. the requir.ed.inductance to .natch the exanpl e
4. 1C af¥ BirokSenitasf Flimd- FReRRERe s 8T Gt aerieif afttes folded
sedMRRARRCBIPh thik aTHded iBdlcdicp@b. ant enna may be

adj usted according to any of the several nethods

descri bed above to achieve the inpedance of the

exa | LP. ] j.ou I e
5. Geoarr girate ity oL RRE MRELRUS, RIRSPLTTN: IRYEATRDs dhan
apEoRipeately otrhidlirhetbts@winmoindladem@h OF thlcMiiold anténitdi ip @te@ter than

antenna for a radio frequency identification (RFID)
apRrayinessd P4 MY a strai ght di pol e segnent formed from

a first electrically conductive trace; and a | oop

segnent formed froma second el ectrically conductive
6. t r adée dipdlcedrgatnaiof alalirg S¢cwhpdeedtht evidthef sitar dpglhtin@hmoisdess than

se nt, mherein a wdth of the dipole antenna is |ess
or "f"H’gl to approximately 4 mm.

7. The dipole antenna of claim 5, wherein the length of the dipole antenna is between

approximately 125 mm and 150 mm.

8. The dipole antenna of claim 7, wherein the length of the dipole antenna is between

approximately 130 mm and 135 mm.
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or equal to four tinmes a width of a smaller one of the

first and second conductive traces. 2. The dipole
w@nioenssI6Df claim 1, wherein the | oop segnment PGI/US2008/078308

symmetrically | ocated al ong the straight dipole

segnent such that the straight dipole segnent extends

past the | oop segnent an equal distance in both

directions. 3. The dipole antenna of claim1l, wherein

9 the cal.l

B N L A S L S
in drhelta thigh fgdsquedqp(c]JIIeF)s‘tegdmﬁtheexmemﬂ&tamf.urt her di st ance

past the | oop segnent in a first direction than a

second portion of the straight dipole antenna extends
10pastrt Bgaoh@ﬁﬁetﬁlﬁ%%ﬁfm 11y ABrRPRGSIST Sn b HRC ifsP fhd éecoﬁroh e

di pol e antenna of claim 1, wherein the straight dipole

combighentraden ¢ adiesmiuo] e vedthnent sslected tmdnufattitrmgfpocasa

fol ded di pol e segnent. 5. The di pole antenna of claim

1, wherein a width of the dipole antenna is |ess than
11appm>aufa%&iu¥nc® iabhtt idaRb e (RF1IDYMg @brasidggngt h of the

di pol e antenna’is greater than apprOX|nater 100 mm

6. qrmoddﬁgbqheolg@n@mzath@f ingludpsn 5, wherein the w dth of

t he di pol n e or al .

appr oxi rrﬁt%te §EF&} e Sggmﬁlﬁ%lgm%q?mem 3§%e{n neé’%ro HX Icglildrhlcg?’e trace;

wheagd n the | ength of the d|pole antenna i s between

approximately 125 mm and 150 nm 8. The dlpole ant enna

of cl ai meFoonsamsniformed framgy sscend glemrienllysoadugiive tigge and

i pof e e, ARG T e A e PP 1D frodificd dipole

i s emohngidied than aq»pmxahae]yrﬁ mrlhnnletersa(nltm)gkncf 1 kagthrodyhe modified

(UHE) band of .the ra ectru The di pol e
ant 8 ?mﬁe YHeripds ghegter ’éf‘% rﬂ"’é@”&%éé& 0df the first
and g ‘ﬁﬁ@gigteg QHQMP&IbMﬁc&IIﬁ&%ﬁIe’d% ﬁléﬁ&ﬂlﬂyﬁhfpbﬁ%téﬂngt h
of a selected manufacturing process. radi o

frequency identification (RFID) tag conprl sing: a

2q pdbt REU B PP EG Nt er ALt Sane P ReRfp i less than o

eq@egpl&dbigﬁd)gﬁﬁlateq@:pmand a | oop segnent fornmed froma
second electrically conductive trace and electrically

coupl ed to the straight segnent, wherein a wi dth of

13 % he. 1?‘%9%9? cFrfﬁ%nel ﬁth%Pﬁnr?tﬂet 1dﬁ1fc?f th@ &%D%%Ee%ﬁh "BEE tHan or

equal to four times the width of a smaller one of the first and second conductive traces.
14. The RFID tag of claim 11, wherein the loop segment is symmetrically located

along the straight dipole segment such that the straight dipole segment extends past the

loop segment an equal distance in both directions.
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di pol e antenna is greater than approximately 100 nm

and an integrated circuit electrically coupled to the
wWorwoN#sse7 di pol e antenna. 12. The RFID tag of RCEHUS008(078308

wherein the wwdth of the dipole antenna is |ess than

or equal to approximately 4 mm 13. The RFID tag of

claim1ll, wherein the wdth of the dipole antenna is

151 esdhe RAMD G2 @lekeim }lo whetwin thedpep sagaent epymmetiically located

aloiﬁg%érﬁfal%gﬁ %ie §e@§1fef1 g%l ;[n ?% fﬁé\;\%&gﬁgolnn tﬁé"ﬁf dt 6‘0%:56 ment

extiesd sy funthtr dlstahcteypalsotrhaﬂcmib sapoogy ih hdirstdigicgd thdn p@b@)nd portion

egnen uch that the strai pol e segnent extends

of %stfra h‘bglp%ﬁngeéﬁwnérpa&f %ioo&sggrgﬁ[gén 1 OBRfYSHe direction.
directions.15. The RFID tag of claim 11, wherein the
| oop segnent is asymmetrically |ocated al ong the

16st r dhgRiFTRitamd feclsey hip mthesae thetstratghadipplessegponttindndaffolded

sesgngy oLl SRS R E e et on than &

second portion of the straight dipole antenna extends
past the | oop segnent in an opposite direction. 16.
17The TRERDID 42g of clamal Infurther whmpusing ehlgast onapdfresivdilyyst en at least
folded segnents that fold to forma
Ongsg CSthwﬁpg se%nent 17. The RFID tag of claim 11,
further conprising at | east one adhesive |ayer on at
ast one surface of the RFID ta% 18. The RFID tag
18c| a.Th:P REID fpeefilaim hle wherrin thedengthef the dinade anteniaria betaveen

ap?r%‘@%?&f}@@m&ﬁ@mﬁe 130 mm and 135 mm 19. The RFID

'ar m 1 rein the integrated circuit is
electrically coupled to the nodified dipole antenna

| oop .segnent of the nodifjed di
9ant E:H\ﬁ Bwl%ag TRy Ip vherim thedptggrpteflCireyy o %Fﬁﬂ?q%@ coupled to
thd ﬁ&ﬁﬂ%@ﬁﬁ)@le‘ﬂn&&lﬂh Lyith$n Bl q&;ﬂ de%ﬁﬁehyoﬂﬁé‘fﬂo@gieﬂ(&ﬂﬁ@ antenna.
d di pole antenna wth he strai ght segnment of
the nDdlfled di pol e antenna. 21 The RFID tag of claim
dth of the RFIL.D tag js | an
2030158 REED dpsoristin  torspn Heiple et sTish &y iy coupled to
thovhedigbd dipbR atcHnd wathid e sk E@c de@thehof tBS SoliTRA dipole antenna.
approximately 7mm 23. The Dtag of claim 22,
wherein the width of the RFID tag is approximately

21 'el'ﬂ g %JIQEP%H:) qgg Xff cqgllpﬁaf)lf W 961% g\}rlﬁeﬂh%q tI% ngﬂ]fta 2§ %E @% L 24
approxieeindly g0med. t o operate in

22. The RFID tag of claim 21, wherein the width of the RFID tag is less than

approximately 7mm.

23. The RFID tag of claim 22, wherein the width of the RFID tag is approximately
equal to the width of the modified dipole antenna.

24. The RFID tag of claim 11, wherein the dipole antenna is configured to operate in

an ultra high frequency (UHF) band of the radio spectrum.
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an ultra high frequency (UHF) band of the radio
spectrum 25. The RFID tag of claim 11, wherein at
wo 2@sn485se of the first and second conductive PCHUS20$/678308
a mnimumtrace width of a selected manufacturing
process.

25.  The RFID tag of claim 11, wherein at least one of the first and second conductive

traces is a minimum trace width of a selected manufacturing process.
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