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(RFID) systens for article managenent. BACKGROUND
[ 0002] Radi o- Frequency ldentification (RFID)
t echnol ogy has becone widely used in virtually every
i ndustry, including transportation, manufacturing,
wast e managenent, postal tracking, airline baggage
reconciliation, and highway toll managenent. A typical
RFI D systemincludes a plurality of RFID tags, at
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amplifier to drive the antenna with nodul at ed
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rea%per configurations, the RFID tag receives a
cont i nuous wavesi gnal fromthe RPID reader and
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appﬁcatul)nn {)ut 0 en prov1des an identification for an article to which the tag is fixed.

Exemplary articles include manufactured items, books, files, animals or individuals, or
virtually any other tangible articles. Additional information may also be provided for the
article. The tag may be used during a manufacturing process, for example, to indicate a
paint color of an automobile chassis during manufacturing or other useful information.
[0004] The transmitter of the RFID reader outputs RF signals through the antenna to
create an electromagnetic field that enables the tags to return an RF signal carrying the
information. In some configurations, the transmitter initiates communication, and makes
use of an amplifier to drive the antenna with a modulated output signal to communicate

with the RFID tag. In other configurations, the RFID tag receives a continuous wave



[ 0005] A conventional tag may be an "active" tag that
i ncl udes an internal power source, or a "passive" tag
w0 bas/ossoener gi zed by the field created by theP@PUE005/000435

reader. In either case, the tags conmunicate using a
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space
inadvertently read by the reader, which can lead to undesired results. For example, books

associated with one library patron and located next to an antenna in a library management

system may be inadvertently checked out to another patron.

SUMMARY

[0008] In general, a field-shaping antenna and shielding component are described that
shape the magnetic field into a desirable configuration for use in an RFID system. More
specifically, a dual-loop antenna is described in which the loops are positioned and spaced
in a manner that reduces the size of the holes within the resulting magnetic field. In

addition, the configuration of the described dual-loop antenna achieves increased field size
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in a manner that reduces the size of the holes within
the resulting nmagnetic field. In addition, the
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achi eves increased field sizerelative to a single |oop
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antenna.

[0013] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.



acconpanyi ng drawi ngs and the description bel ow. O her

features, objects, and advantages of the invention
waowdos/oksomppar ent fromthe description and dr anTgS2005/000435

and fromthe cl ai nms. BRI EF DESCRI PTI ON OF DRAW NGS

[0014] FIG 1 is a block diagramillustrating an

exenplary RFID system 2 that incorporates the

t echni ques BRAEFDERGREZFEQN OF INGS 2 is a block

diagramthat further illustrates on enbodi mrent of an
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field. diagramillustrating a side views of an errbodl ment in
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DETAILED DESCRIPTION

[0023] FIG. 1 is a block diagram illustrating an exemplary RFID system 2 that
incorporates the techniques described herein. In the illustrated example of FIG. 1, RFID
system 2 is used to track books, document, files or other articles. The RFID system may,
for example, be deployed within libraries, law offices, government agencies, or other
facilities that generate and/or store documents and files, such as business, criminal, and
medical records. The articles contain RFID tags that uniquely identify the articles. In
addition, each RFID tag may also contain information describing the article, and status
information indicating whether removal of the article is authorized. The RFID tags may
be embedded within the articles so that the tags are substantially imperceptible, thereby

reducing or prevent tampering.



medi cal records. The articles contain RFID tags that
uniquely identify the articles. In addition, each RFID
wWo a@s8as0@l so contain i nformation descri bi ng t PET/US2005/000435
article, and status information indicating whether
renmoval of the article is authorized. The RFID tags
may be enbedded within the articles so that the tags
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[0028] dw ddditien, REDnysteock inehidasa elxck-ig 4 theckeyug area 11 by which an
authorized person, e.g., a library patron or staff member, processes articles for removal or
return. In particular, check-in / check-out area 11 includes an RFID reader 18 for
interrogating RFID tags fixed to articles and changing their status as desired, e.g.,
checking-in or checking-out the articles.

[0029] In addition, articles may be positioned in a number of storage areas 12, e.g., on an

open shelf 12A, a cabinet 12B, a vertical file separator 12C or a other location, as shown

in FIG. 1. Each smart storage area 12 includes tag interrogation capability which enables



[0028] In addition, RFID system 2 includes a check-in
/ check-out area 11 by which an authorized person,
we2@5/08®08 | brary patron or staff nenber, proceBEEES2005/000435
articles for renoval or return. In particular,
check-in / check-out area 11 includes an RFID reader
18 for interrogating RFID tags fixed to articles and
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magnetic field in a desirable configuration. For example, RFID reader 18 may incorporate
dual-loop antenna 13 described herein in which the loops are positioned and spaced in a
manner that reduces the size of the holes within the resulting magnetic field. In addition,
the configuration of the described dual-loop antenna 13 achieves increased field size
relative to a single loop antenna with equivalent power and decreases inter-winding
capacitance, thereby increasing overall read range achieved by RFID reader 18.

[0033] In addition, check-in / check-out area 11 may utilize a conductive shield 16 to

further refine and shape the magnetic field produced by antenna 13. For example, as

illustrated, antenna 13 may be mounted substantially horizontally on, within, or below



[0032] As described in further detail below, RFID
system 2 incorporates the techni ques descri bed herein.
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and outer loop 32 reside in a co-planar relationship.

[0037] Due to the configuration of dual-loop antenna 30, current (I) from reader 18 (FIGS.
1, 2) flows through each conductive edge of loops 32, 34 in the same direction. Asa
result, the electromagnetic fields created by the parallel conductive edges of loops 32, 34
are additive in nature and achieve a resultant field having an increased field size relative to
a single loop antenna with equivalent power.

[0038] In addition, inner loop 32 and outer loop 34 are positioned and spaced so as to
reduce the number and/or size of any potential holes within the resultant magnetic field.

For example, unlike conventional single-loop antennas, reader 18 may be able to achieve



i npedance mat chi ng and signal conversion between the
| oop structure and cable 26, which may be a co- axi al
w@ aismes1sReader 18 is coupled to tuning circuitPRRUS1085/000435

cable 26 and utilizes antenna 13 for both RFID

transmt and receive operations. Consequently, reader

18 may include a directional coupler to interpret the
successfil @Bﬁlh?dn@daﬁbﬂ e«dth]tandm Duag plgsitibmesglldiilfecﬂﬁ ab$R0RGEndRttGe Rige

is a plan view of an_exenpl.ary dual -1 oop, apt enn :
of the apienpm el\/fé’Xeefr?ﬁP‘\é‘yWu}é HbBus sigiaton G%‘FVPPB%‘E?? éwgﬂenlﬁap %ﬁﬂ

[ | :
e 45 Y3530 ARGLY 288 Bl s B o0 RATBAAL yricn
leads tol acanneitdtien efatiodn n@mritast, ian RFIDItappendZed atbveunedge oHEut82

reside in a,co-planar relationship..[003 e t he
loop 34 R eGP R: WHFAReY B GiresGO BB R ALE 1809 4 Pt RELD tog due
to innerf:lgﬂgg%e Sgﬁiarlé@aﬂ kFBPtagloentled 41396 ah BIQUININSRGbp 32, for

tive edge of loops 32, 34 in the same direction.
exampléswitl acheut increabes airent oo thegtdrisidefaf ghalBFID tagtdug thputehtoop

54, In BRSBTS R Pl My PRID 2
allowingn_@l;fer REASHhofth ShleSHAR dRhRlh¥ A WAHHARBIDEher 180Mn A0 BRAAer,

h equival ent power. [0038] In addition, inner |oop
the des@ibed mdngiretion afajvaBbopretepns B0 mayedduwn dhepolkst and/ assize

to reduce the nunmber and/ of. size of any potentia

of any helyaS i b oL FE! PESPSRA R BG et ¢ 110l O For

[0039] BXMPrEbodiAEAKRNEOBYE D hAdBhteBi0dg |38 ThBOR: FJMtRMBAS: least a
reader 18 may be able to achi evesuccessf u

distance Braparti where dhiswielerted haseiion a digrepeien of anRHI)tagder nge within

abo a_conduct i ve . edge of the . .
thesysi@e i Frdifn, ey Ko Pyt it ¥ SERDR R tges ronee in
dimens®nTEE 0159207 REL Peid 2B amlyty 2Pk 9Uys: @8 smbst.8ntind! THus, in

equal current on opposite sides of the RFID. t a%\,F whi ch
one embeiohent B nzayduerselscledto oxreed paraximpm dgapsien of the KIRP)tag to

ag ¢ ed _above .an edge uter | oo f
ensure (e RENS ool B AP O TR ol s TR Sl 34
which Iﬁzil}d%e':&fvahﬁgedﬁgli@iﬂc?@si‘ﬁg &hd gbilityniredde P8 Blachfvaishesebstul

an RFID tag centered above_ an edge of inner |oop 32,
commufisatiewithItke tags tepardless eliegiloretenseanseguenilys inppnetepebodiment

D22.Sgi%%‘rﬁgnsaiél§§1epgl%1h£cﬁr|n§@ B §,g>g%ﬂ? to outer loop 34. In

S€, Ncf easéd current achi eves i ncreased

[0040] 2NB6Exh Wubtiited fo e@xEfblht Bgposeh Withiregetite gofdrblly agtangular
successfully communicate wwth RFID reader 18. In this

dual-logpsneidier forma ofiloops MBE deadd or Ysdh SHARSIPUR,; QVal Q5 gbher
n y reduce the nunber and / or size of any
gannﬂﬁg%@@ﬂﬁg%ﬁgﬁpthe resultant el ectromagnetic field.

[0041] FOO3Pis ahrexplodedviondifmmizhna BObEFIG.G0 pA SEesavibbkdoabioee, dntempa

34 may_be positioned at |east a
30 comprises a first layer 40 that contains inner loop 32 and a second layer 42 that

contains outer loop 34. Layers 40, 42 may, for example, be layers stacked on top of one
another to form a multi-layered printed circuit board.

[0042] FIG. 5 is a schematic diagram illustrating a dual-loop antenna 60 utilized in
conjunction with a conductive shield 66 to further refine and shape the resultant magnetic
field. Although illustrated for exemplary purposes with respect to a dual-loop antenna,
conductive shield 66 may be used with other forms of antennas, such as single or multi-

loop antennas of square, round or other configurations.



di stance D apart, where D is selected based on a
di nension of an RFID tag for use within the system
WO-0050880%l e, sizes for many conventional 13. 5BCIVHRE2005/000435

RFID tags range in dinension fromO0.5"x 1" (1.27 cmXx
2.54 cm to 2" x 3" (5.08 cmx 7.62 cm. Thus, in one
enbodi ment D may be sel ected to exceed a maxi mum

[0043] @Jonén@i\mhbﬂd 6t maRibE icveeg aséolgwud@tivhaoﬂmregmn@ 6ﬁég65D

one r.0ss, .bot.h nne
that for e R e S e MBS iR PPl

around bARnAYE.1 CY¥ndictive é!ﬁ@lﬂ @%ré@nﬁscﬂam\ge of HE 6R8®dMhgnetic field,
conmuni cation ith t etags regardl ess of tag |ocation.

therebydunéwgabmmagneticrﬁ%@re@tﬁ@ )i nan@mia 69 topthe i zlnhrmnﬁgmn dnethesr
words, ﬁ‘rgt{‘ﬂgé( [0 #ield%reeau?% gg a@‘%\,ﬁat@o ?igésngglc %;R]tcgﬁ\é gé st fflll%{a{/(f‘ gtnecfj

outward Gt batvittitsinnéraogisn 60f hels frevémedfromPoRsingBYbstantially
readi |y be used, such as round oval or other

over coggisiive rshltel‘i:%fhilf‘gtﬁrt]a‘? pasyctivepmitre ofthg condyeiivgshigldpl oded
00441 SRl 00 o B Gt 5 09061 PRGBS or

from baunglﬁmﬂed @ﬂ)tﬁ]ﬂ aatetna 66 ahareioly pmyemng:buh’eﬂtt frem ribmmg within the
Quter. | oop L% yers 40, 42 may, for exanple,
conducryg gyelds @%sﬁreeaal S¢QPegRIg S RRGRHER 499 qf@rmmanum distance

D4 suffifibdtitc LAYR %%1&%&‘1 ﬂfif(fﬂnr {thlﬁ%éﬁ&hg 1&? Qt?i@l]d del Ga w3t | S
a schematic diagram Ing a 00p ant enna
substan@ifllytdduce the shielding gffiet bf the cmncﬂm:uae ShlElﬂlU(ﬂolr\tﬁarﬁlblb adondb@ive

to further reflne and shape ge resul t ant rm netic
shield 66 rapyybe eorvisBURYIRL FOINSE T QherFon, Pct@%ﬁ&ldaw aad tﬁé’@@% D4 need

not be lﬁ%feﬁgél’?%%%ﬂ %e@erﬁual -l oop antenna, conductive shield

e use ther forns of antennas, such as
[0045] & pgleeal pronduttivie shixdpo@istlecuratsa distanciBB dyont oumnlloop 64, and

oth nf| uratio 0043] Conductive shield 66.
the distipny s TiRE e e g RBOLTIO L eRIoaS &F (hedes e g Re o
crated by uchls BDALBHE! YorR8153 BUS (SONTHGIY Bl Phl smme@

non- shi el ded i nner region 61 around antenna .
inner re@mmcﬁlcml wiecls tieghgh rﬁﬁy lprr Eﬂ‘é mhsn pmssmgéo wfdriavan w1th sufficient

electroqzlealgnetlcf Ilmfl themanﬁt

power tp;gepefate A Rpgietis fie {rﬁ‘égt 1‘?@&% i

commuﬁfcgﬁ'(.r)nﬂ@&l%%oufﬂﬂglﬂfﬁgfkpgidnc fi eI d created by antenna 60
extends vertically (e.g., inward and outward from FI G

[0046] BExclnédniductivemegions efh o Daias abwidth of [pF,evtech gehefalkyns
form ng supstantijal over tive shield ue to
determipt BBl a5 E05 VBB ththe BPEHG TEhGUEET 08 SLRet B [9044
examplé?QHéi Wedth 15 Sftagh @lorﬁﬁcﬁwﬂegfé,% 68A 5P RNRSe sufi @t Bt the
that prevents a closed | o0
field strength at any region beyond, e.g., outside, of conductive shield 66 is below a
threshold level necessary for RFID communication. In this manner, conductive shield 66
substantially prevents RFID communication in areas above conductive shield 66 until the
field itself has reached a reduced field strength insufficient for RFID communication,
which may be at any point between the inner edges and the outer edges of conductive
regions 65. Consequently, D5 may be viewed as a minimum width of conductive regions

65, and the conductive regions may have greater widths. For example, conductive regions

65 may be extended beyond the distance D5 for other reasons, e.g., manufacturing



from being fornmed around antenna 60, thereby

preventing current fromformng within the conductive
w@hiosloglisos n general , di sconnect area 63 nay haRET/ASIPaP000435

of a mninmumdistance D4 sufficient to create an

el ectrical disconnect within conductive shield 66 and

not substantially reduce the shielding effect of the

each shs%ﬁ?ﬁ el?qgfeﬁ%@}\/ L2 1 GORRG! is%ncgtﬂger conductive

an i'stance need not be nore than a few

[0047] TRIG! 6 1¥et desvielvRADEctve diitan dllystratnglthetdffeetsoii ahaoRbc field
is Jocated a distance D3 fromouter |oop 64, and the

from a gprdvghveshig ddpicwhich pdefiperine 4 0 pd asighb portion 2 pegdapined.
Forsiffic 18 S SQTURLATH! MaERIERTIERS 80BN ATLEDIASDR and

76. It shouldeiredlibed thad eth req@icoo the efifertydl aodonidbetiieatteldrayduakloop

read_when antenna 60 i.s driven with sufficient power
antenng gay Be degicadlyvieweshasta sngle ko aptenna §aypg pirediesequal to an

averag?%&tﬁf@%ﬁwteriﬁéggl)&Xt%d SHOGRS §hdf l[l%dé)% nmuni cat i on

roughout the rnner region. 6] Each conductive
[0048] edllosistGHA-FIGDH, rasea Iwvithih caddudhye whiesT4gadgbatdaye | s

respectfvgasnells HeliE 8a a0 86 NptboeFRRps B fu g s Sgen o
regions2f&C @o,%gegéeﬁ%ly Suf ﬁgitﬁ@&iééﬁgéﬁ&t%_ﬁ feﬂqgorﬁ&ﬂ 6 GhEALNt
that th d, e.g.,

freld strength at any region beyond, e.g:
portiondit sispeetivelly. dbnsiutshovkl eheaiztd @itat iecating toft Portibm 6 buod dght

portion 3 fgre L GRAENASh P 6 mE B HAA AT Pyt to

which %%QPRWE% HiO i ForAEE 2 AR, T&ﬁﬁg’% Be'gt‘e’;g)r?% f‘éd ShPlght

until the field itself has reached a r
portionsPrmeagt ko corsluttivectiasas 74 and FFwDulddiomtberi lomait ilerextenh tacWith

be at. an oi nt _bet ween, t he jnner,_ edges.and the .
felds 8, ¥4 Petibisdabi BabhoRb 6 6ol nEoe Thegqeet sy casen
zone fo'B¥s Qﬁ%l%'lw&télﬁla% {Re b PR AL Sim QFF (160nSbiftit YR1ds 31204,

65, and the conductive regions nay have greater
[0049] Wouithissreaseny DEXEHP15¢ s ssteattdde exased egninimsue Slistance pecessary

ext end € |stance D5 for other r ans, .. .
for the EpRCHRIBTRE B4 (S 67 it RERE o0 Ssreasis it adfed ararie is
achievdd&gitlA $hebivo icleit HERPID bithinahidaidflt hs, but rat her

each shoul d prefer ablé exceed the m ni mum di stance D5.

e

[0050] [roomE7gmipadBnent, for examplgeDd iewlqseadstp @ppiowemaieligqashthe
Il trating.the effects on a magnetic field froma
averagec%tlr%]z@%cf‘bg agﬁc?lngg. for which a left portion 70 and a
nj3gih$Dp@r1jj)qa_ 72 are depicted. For sinpligjty, a
single-loop antenna is illustrated in FI 6 b
In additéein %}cjs is¢lecteq trcegalzappaerdmately 1.5*D1. For example, DI, D2 and D3
may equal 2” (5.08 cm), 3.5” (8.89 cm), and 2.75” (6.98 cm) respectively. This particular
selection for distance D3 allows the resultant magnetic field created by inner loop 62 and
outer loop 64 (FIG. 5) to extend from these loops both in the inward and outward
directions to entirely cover antennae 60 with sufficient strength to achieve RFID
communication.
[0051] FIG. 7 is another side view perspective diagram illustrating the field-shaping

effects of a conductive shield. In particular FIG. 7 illustrates a resultant electromagnetic

field 90 produced by antenna 94 and shaped by a conductive shield, of which a left portion

10



76. It should be realized that with respect to the
effects of a conductive shield, a dual-Ioop antenna
woreyslogishogi cal |y viewed as a single | oop ant ePeEUS2005/000435
having a radius equal to an average between the radii
associated with the dual |oops. [0048] As illustrated
in FIG 6, current | within conductive traces 74 and
92A and@ right perion 83Bewe ﬂmﬁcm@gﬁétlllwtrﬁké,l tHe c@rlughive ghield limits the

extent (SSyRgh oG aeldd Gy S oo KRR I dhorgpy
preven@hd REUFereht ﬂeﬁ&fhﬁ RERIFID magﬁ%@l%ﬂi BelyBhd theQotizemtallediges of a

respectively. T it should be realized that
deﬁnedmﬂmgatm@faongortu on 70 and right portion 72 nearer

[0052] CQK géje? é%rg ech@@ﬁ%%%ﬁﬂ at?%s\'\%l‘ ﬁ ?&%ﬁg te{nboaqnllqntt hF a

check-th chénkmiiﬂ ardan 08dflivihichgn dnbamkilng ahéténduetivé sHieldQ 0anck
ght portion 72 nearer to conductive traces 74 and 76

mountaddigia b g¥rEaserl 06, AR this semple. @Rienn® 14g 414 qangpefiveghielg404
create agl\i%lr?lgf aé ggﬁmli%ﬂ]ﬁ]?%g H? 2%19622(5;72%%)% gl?xﬁ't%g c‘ibb M §P{t£$e°ﬁ)6 ryc?}? include

visual 1ﬂdibﬁﬂﬂéhtif§1nghﬂ@e &Jyes oRiheRbEMAINBatibn tzme rmgmetmahnéﬂ el ds
82 and 84. [0049]. For this reasgn, D3 (FIG 5
conductiy¢ gueldd O¢ @r@%e@éapda{eﬁ?rﬁur?ﬁﬂmgj@fsfi%l@c@gﬁ a0 begend the

deﬁnedté?)‘fmﬁﬁﬁgﬁfoh%oflé ¢hsls 82, 84 (FIG 6) to overlap so as

nsure that a field strength is achieved within the
[0053] [Fdfép&B asuf}fsarspeenVe dmgraRFillletmumgwrmdBaﬂtlewmf ah@B&mbadimest of

achec@%“gﬁﬁ%% tafSp Wt 37 W Exarmile baip TES orma dspcess 120, below
which écn‘?cl[ﬂng"l’ﬁ 1sqﬁou1(tg1 tofetibe gkuel(i]i)l4|1§‘1n%91qtb& 'tc%hrrd%d' tenna

sel ected to equal approximately 1. . For exanple
112, onBhe ndi2ravaske®Portion cfqiasidtoR? 14, SInGBlscem)mpl’é ﬂ‘ter(rﬁ 189 amﬁ

conuc uid G St LRL GRSk Bhon v LEGREAAY S
s TR AL ELRURELED U OMER 0 MSpaticitgfy | oop
commuinivatiozard lnahethercenbadentntodesktop 1dAtdoesehat foow excess 120, and

h fi h hi RFI D
antenna? tennae %%&,\%HV[’@%U " cient strength to achieve

<IBP-G 7 is another side view
[0054] %h%ﬁ@&hb%ﬁm@h@%’fﬂ[@ ihldiohhald P&ntdaserive! qhé%'cl'?ﬁher
fects of a conductive shield. In particular FIG
embodmﬂelntssarc withi the sexpglaf drt fopwotgradaragnetic fiel d 90
produced by antenna 94 and shaped by a conductive
shield, of which a left portion92A and a right portion
92B are depicted. As illustrated, the conductive
shield limts the
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extent to which electromagnetic field 90 outwardly
extends from antenna 94, thereby preventing

w0 padwersdent readi ng of RPID tags | ocated beyopdI/UR®05/000435
hori zontal edges of a defined communi cati on zone.
[0052] FIG 8A is a perspective diagramillustrating a
side view of one enbodi nent of a check-in / check-out
L.AINMISO i n which an antenna 102 and conductive shield
104 are nmounted bel ow a surface 106. In this exanple,
antenna 102 and conductive shield 104 create an RFID

1. 3PaReiaeipakinga pa@fraﬁtyl&%oﬁ@w&ewpfsa& o€ apour f ace
106 may_include visual "i ndicia |dent|fy|ng t he edges

electrompgndiis fedhinn fadia fieauenep pdentifigatidn (REMRheemmugisatiorc with R FID

| [P f |
oo B B R AR SR AR D B
based ohQv/dine@8io8 bf fﬁb@F IBBagswith i &@e hihtétndonghaicates.

illustrating a side view of another enbodi nent of a
check-in / check-out area 110. In this exanple,

2. %ﬁ%&ﬂn&&ﬁ 151 p&&éélﬁ%ﬁé&st’éﬁ?ee]?3?%6?%%@90%%&% Om%l])éa}mum

'S hount uctive nount e
dhnmmﬁﬂf&hﬂﬂﬂFHD&@ﬁna 112, on the non-recessed portion of
desktop 116. In this exanple, antenna 112 and
conductive shield 114 create an RFID tag conmuni cati on

{ v
5. S Haofalyl [ ABRIUEL N 80 R DUEYENL g aggy .
the disthiie Iueéweeﬂ eqchnofuhe platdlion of euielublivedoepdie kel eFtod suidiethit, D >
desktop 116 does not formrecess 120, and antenna 112

M. is nounted bel ow t he desktop. [0054] Vari ous
enbodi nents of the invention have been descri bed.
These and ot her enbodi nents are within the scope of

4. The aftehhouf ddgoc] , avtreseiDA M54 ¢cin. An ant enna conpri si ng
a plurality of conductive |oops to produce an
electronagnetic field for radio frequency

5. mg%ﬂeﬁﬁacﬁi‘dlﬁ& Ritledin §PIBURI At 1on Wi th RFI D tags,

erein the conductive | 0oops are spaced apart at | east
a distance D that is selected based on a dinension of

e RFID tags wth which the_antenna conmuni cates.
6. LT“H% AR AT VQ?eFﬁﬂi thevmgliaélryno fraqadugte donps Toym & dudl -loop

t tur%%'@i‘h efl i edﬁgaﬁ m di nensi on of the RFID
Sue g % ﬁI% tenna c im1l, wherein the RFID tags

have a dlnenS|on of Iength M and
7. The antenna of claim 1, wherein the plurality of conductive loops are electrically

coupled so that a common current flows through the loops.

8. The antenna of claim 7, wherein the plurality of conductive loops are located in
parallel planes and formed with concentric traces, and the plurality of conductive loops are
electrically coupled so that the common current flows through the loops in the same

direction.

9. The antenna of claim 1, wherein the plurality of conductive loops are formed in a

single printed circuit board.
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t he di stance D between each of the plurality of
conductive loops is selected such that D> M 4. The
wa@niosiosoof claim 1, wherein D> 2.54 cm 5. TPheT/US2005/000435
antenna of claiml1, wherein D> 5.08 cm 6. The
antenna of claim1, wherein the plurality of
conductive | oops forma dual -1 oop structure having an
10.  {Theentdnoopf elaigh hrugheraompsisng atuniNgeirgnit frrianiog the plirality
£l 1It mhergin t@e Iur@%ity of conductive | oops are
OL J00Pg [u2 t18 QPFVIE%%SFI%& o that a common current flows
t hrough the | oops. 8. The antenna of claim?7, wherein
the plurality of conductive |oops are |located in

11.  Jaeahtesha pf elaiss 1 Gricherain thectupingieirewih 881es Hleglenalibeef antameas
the plurality of v d tricall
tothe opg iR dleGhonH o oM R S 6P RBRR T TR 1 cigh < ne

| oops in the sanme direction. 9. The antenna of claim
1, wherein the plurality of conductive_ |oops are
12. foradiaifreqnencsidgpiifacapion AREED)iysiens onyBising: 10. The
Qi her. conprising a tuning
%ﬁ?@gpﬁagosrs‘a{ng{r?%tht%ggl{ﬁpg‘r%\ ity of loops to a single
apenghhaaviies prrdity of dondlibveslobpywoproduce laaictectBmagnetic

wherein the tuning circuit tunes the plurality of
field fog gerappaication piE ﬂa%%F%? fagg WhetsH ﬁewwtla%gaoaﬁ Argepage at

et g FRERIPELE) A L A S PO D

associated with an article; and an antenna having a

plurality of conductive |oops tqQ produce an

13, dibe&Baygaenof claimd2q further efpiHEat i on with the RFID
SARTIP Ik Pyl ARTRITHENLY > (0305 R SyRARER BlnofAthn

device mtehropansitonRBID tdgao Bbfain infgmalidn refaslif-thd astwde;eamdof
claim 12, fuyrther co ri,s'%ﬁ%: .an RFID. inte r%% i on
deompEtieg dpiesiomsotentthy inionRationjsrexFd fiopethe

interm%@%ﬁ@@ﬁggti on device interrogates the RFID tag to

tain information regarding the article; and a

computing device to process the information retrieved

14. tl'rhg [EPIIBesythgrln%fJ cTatlr%rlr.’Z?af%Erle?nnthg %Ydrgl?fy of conductive loops are

electrically coupled so that the interrogation device drives a common current through the

loops.

15.  The RFID system of claim 14, wherein the plurality of conductive loops are
formed with concentric traces, and the plurality of conductive loops are electrically

coupled so that the common current flows through the loops in the same direction.

16.  The RFID system of claim 12, wherein each of the conductive loops are spaced at

least a distance D that is selected to meet or exceed a maximum dimension of the RFID

tag.
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14. The RFID systemof claim 12, wherein the plurality
of conductive |loops are electrically coupled so that

WO b@siositses r ogat i on devi ce drives a conmopn cur r BOI/US2005/000435
t hrough the | oops. 15. The RFID system of claim 14,
wherein the plurality of conductive |oops are forned
with concentric traces, and the E)I urality of

17.  dbedIIDisystemadshaimy 12, siherein ﬁ@zﬂﬁl tepbpd aedlmmsuon@tf langéh M,
and the oﬁ%%% ﬁ trv&%gﬁ %%10\@&% %ﬁlpalil 8fr“n (I?C)o %o‘%ﬁﬂQIij se\“;\iﬁcstg uch that

D>M.each of t he conductive Ioops are spaced at |east a
distance D that is selected to neet or exceed a
maxi mum di mension of the RFID tag.17. The RFID system

as a di mensi on of

8. q%ﬁ%?ﬁbﬁp§%ﬂﬁﬂﬁﬁ£§ﬁlé%@%@gfgeaé?gegh each of the
plurality of conductive |oops is selected such that D
M 18, The RFID system of ,claim 17, wherein D > 2.54

19.  dhe REgD sypempef|chaigylds Whesin B2ay- 932171 wherein D > 5.08
cm 20. The RFID systemof claim 12, wherein the
plurality of conductive | oops forma dual -1 oop

20.  She RADrsgstomvofethimn 2, whereid he pluaality af contuetivé mops foti a
The RFI D systemof claim 12, wherein the antenna has a

dual-logp, f&qcie .hamng aﬁll%%f oopgnhanpster {¢09- RFI D syst em of
claim 21, further conprising a
substantial | y-conti guous conductive shield positioned

21.  dhoddDtshgemrtietana 12nwhedeirhiha antephaies armbsthhtidllytpdaandorm.
antenna. 23. The RFID system of claim 21, wherein the
conductive shield shapes the el ectromagnetic field to

®RID I

2. R A L, DS (ST RRLRRAN iRl

conducfiveoshi¢ld positignai dyetrahthe ahleynoaet withie agdaeyeradllettesthe @hi@nna.
24. The RFID system of claim 23, wherein the
conductive shield conprises planar conductive regions

23.  OhbRHBS @%%&nf&emlﬁ MOAhSRIrFthE 86hd RAGE st @18'59 es md
further erein the antenna Is |sposeé

electromagnetibifiel dde ¢t xiemd substagiaiy iram dlrmoalpleqiendmultahe) qhb anmnna

and prevenqgj ﬁl%tellec?romagné%lc field from forming substantially over the conductive

shield.

24.  The RFID system of claim 23, wherein the conductive shield comprises planar
conductive regions oriented to form a non-shielded inner region, and further wherein the
antenna is disposed within the non-shielded inner region and parallel to the planar

conductive regions.
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