VARI ABLE FREQUENCY RADI O FREQUENCY | DENTI FI CATI ON
(RFI D) TAGS TECHNI CAL FI ELD [0001] The invention

wo edoaties2t o radi o frequency identification (RFPON/US2005/005634
systens for article managenent and, nore specifically,
to RFID tags. BACKGROUND [ 0002] Radi o- Frequency
Identification (RFID) technol ogy has becone w dely
used in virtually every industry, including
transportati on, manufacturing, waste nanagenent,
postal tracking, airline baggage reconciliation, and
hi ghway toll managenent. Atypical RFID system i ncl udes
a pl VARIABLE FREQUENCYRADEY FREQYVENGY IRENTIFd6AEION (RFID)
det ection system havi ng an arfiA®®a for conmuni cation
with the RFID tags, and a conputing device to control
the RFID reader. The RF e des a
transmtter that nay prg%'$?%§%%g§ﬁ%# information to
t hP0O0H Rhe imedticn teeRitvediotfeqnece ideatifichéing (REIDA sybtentstfer article
|nfornat| romthe. t ags conputlng devi ce
pr%@@§?@§l?W%nFﬁ7gpﬁgfﬁgth§%§ #&d by the RFID reader.
[0003] In general, the information received from an
RFID tag is specific to the particular application,
but often provides an idepAckicoumm for an article to
which the tag is fixed. Exenplary articles include
”Hmﬁﬁﬁq{ddf@ﬂehﬁeﬁ%ldem&&on (RIAIS SteclRB 03 hs Weome widely used in

i ndi vidual s, or virtually any other tangible article.
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to return _an RF carr the info ti g
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conventional tag may be an "active" tag that includes
ant*ftf-er nal power source, or a "passive" tag that is
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ant enna. ceenergl.,ze t he tags comruni cat
pr@pleatiopdut piien ra%fies a3 ifegitficaiion fa aprertsle e hish t’f‘%t%g is fixed.

Exemplary articles include manufactured items, books, files, animals or individuals, or

virtually any other tangible article. 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. The transmitter makes use of an amplifier to drive the antenna with a
modulated output signal.

[0005] A conventional tag may be an “active” tag that includes an internal power source,

or a “passive” tag that is energized by the field created by the RFID reader antenna. Once



receive information fromone or nore tags. The

conputi ng device serves as an informtion managenent
waeyasAamoky receiving the information fromthe REI/DS2005/005634

reader and perform ng sone action, such as updating a

dat abase. In addition, the conputing device may serve

as a nechani sm for, programm ng data into the tags via
enepgizads edags qoEmuBCARMRYE ROCO BN Ryeiveplapllowingitye RFID reader to

. ) S | . .
ref S PHER Lo Ty bhEBLROR el Ak ol S e R o
inforagtien eyanhgeniend syster by etdeivinaithe ibfoemptidrefroinghe BFIR e¢sler and
of electromagnetic "tag-to-tag". cou liH .. In some . .
PGP 308 STOD +RCh S VBHAEDE BERHALESF- 11RAIGiOR g Comguting device
m‘ld{ R e a AendRL T(ﬁléﬁo Shinnfih £ 8atH o P @EMVh iRIeMSitter.
present wthin the el ectromagnetic field produced by
the reader antenna. As a result, electromagnetic

"coupling"” may occur bet \Agmrﬁ%of the RFID tags

attached to the articles, sults in a shift of
t he resonant frequency of sonme of the tags. This shift
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that dynam cal |y changes the resonant frequency of the
theREiDaeadsnna. [ 0009] I n anot her enbodi nent, a net hod
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[0008] In one embodiment, an RFID tag comprises a main antenna tuned to a first
resonant frequency; and switching circuitry that dynamically changes the resonant
frequency of the main antenna.

[0009] In another embodiment, a method comprises operating a main antenna of a radio
frequency identification (RFID) tag at an associated resonate frequency and dynamically
changing the resonant frequency of the main antenna.

[0010] In another embodiment, an RFID system comprises an RFID interrogation device,
an RFID tag associated with an article, wherein the interrogation device interrogates the
RFID tag to obtain information regarding the article, and a computing device to process

the information retrieved from the RFID interrogation device. The RFID tag includes a

main antenna tuned to a first resonant frequency, an integrated circuit electrically coupled
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RFID tag to obtain information regarding the article,
and a conputing device to process the information

wo edositemerl fromthe RFID i nterrogation devi ce. pPhesibs/s634
tag includes a main antenna tuned to a first resonant
frequency, an integrated circuit electrically
coupl edto the main antenna that stores jnformtion of
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1 js a block diagramillustrating an RFDD tag that
the gAYt i cal |y and dynamical |y varies its resonant

frequency to reduce or elimnate the potential effects

of tag-to-tag coupling. [0013] FIG 2 is a circuit

di agrami| | ust rHKfE@D%ﬁéMP@EQ&QFEMINGSt of an

RFI D tag capabl e of dynamically adjusting its resonant
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ta%—%l@a%]co hl(fh 4 is a flowdiagramillustrating exenplary
peratio ogf an RFID tag, such as the RFID tag of FIG

[0013]tFi&t. 2481t oirtuindiggiansillustsamgine fexemplanc gmbadiment of an RFID tag
Cc epgate f coupling with neighboring tags. [0016]
capfil o5 ynamicqllyNAag AR AR EING exerpl ar y
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capihle gédynagnieayoathusting it gesonant frgqoency} FIG 6 is a flow
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frequency. [0018] FIG 7 is a block diagram

with peighbaiingriagsan exenpl ary RFID systemthat may utilize
[0016] FIG. 5 is a flow diagram illustrating exemplary operation of an RFID tag, such as

the RFID tag of FIG. 3, which includes a capacitive switch to dynamically change its
resonant frequency.

[0017] FIG. 6 is a flow diagram illustrating exemplary operation of an RFID tag, such as
the RFID tag of FIG. 3, which includes a MEMS switch to dynamically change its
resonant frequency.

[0018] FIG. 7 is a block diagram illustrating an exemplary RFID system that may utilize
RFID tags capable of varying their resonant frequencies to aid communication in

environments wherein tag-to-tag coupling may occur.



RFI D tags capabl e of varying their resonant

frequencies to aid conmunication in environnments
wob@sadm2t ag-t o-tag coupling may occur. DETAI LEBCT/US2005/005634

DESCRI PTI ON [0019] In conventional radio-frequency

identification (RFID) systens, RFID tags may interfere

W th one another when the RFID tags are placed in

close proximty to BEIAIREINPES qlgﬂ’ﬁg@%een det er m ned
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2 3 1 - 13.56
2 3 2 75 13.2
2 3 10 75 10.5
5 1.5 1 - 13.56
5 1.5 2 375 13.4
5 1.5 10 375 10.6




automatically conpensates for shifts in resonance

frequency that may occur due to tag-totag coupling by
wa@basgosg2 t he resonant frequency of RFID tag 1PCHOS1005005634

a sufficient current level is induced to power RFID

tag 12, thereby maintaining effective RFDD

n| catl ons [0022] In the illustrated enbodi ne
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requenc I n antennha
out circuit elements, such as capacmve or inductive elements, thereby adjusting the
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resonant frequency of main antenna 14 to alternate between two or more resonant
frequencies. For example, main antenna 14 may be initially tuned to a frequency that is
higher than the operating frequency of a surrounding RFID system in order to compensate
for situations where tag-to-tag coupling occurs. In some instances tag-to-tag coupling,
therefore, reduces the pertinent resonance frequency of main antenna 14, causing main
antenna 14 to induce sufficient current to power RFID tag 12. When no tag coupling or

interference is present, switching circuitry 18 may automatically switch a capacitive



14 resonates, thus reducing the pertinent resonant

frequency to the frequency of the surrounding system
wenimsaguwent |y, if tag-to-tag coupling i s presertT/US2005/005634

switching circuitry 18 may switch out the capacitive

el ement, thus bringing the pertinent resonant

frequency of mmin _antenna 14 back up.to the operating
elemgpy ja walpllst with e sk ielinrequsg S freqpeapygt which mailantenna
146700642 FWMddoGhé PEHiGEA G Inb: E%ta%élﬁk Jded€y of th

resonant’ﬂ-%u?geauer&t’f‘;;t oP r%a!i:n antenna 14 vhen RO D tg}éolze
surpuddingngstginz Sabsdquently, wheg-tortdgreoaplienisprdsént, switching circuitry 18

|l onger. in an RF field. In other words, switchin
may pirh Pt 86 tpagieliament 1B Elnaife O pe RetiTEinbreauency of
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swtching circuitry 18 nmay automatically swi'tch in or
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not need a mechani sm for_ determ ni ng which resonant )
frequsgeiepcppaingntapss 16 Son arghrppwer-mPeYsle. aljorexample, switching circuitry
§ i V- i, t.chi j r cui . .
1€} Bl syl 0} Rk Gl thnl ¥judlle OBbhonts to cause main antenna

140t resunatelsd adisst Mguansi diging ofirsefowk-upyGicR. andr deborsl frequency
enbodi nent, RPID tag 12 determ nes whether main
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Attagati ®ly,[s802binglcircsitnyel Sarndrp aitomaticallyfidfust thegesbdameyequency of
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antenna 14. In ot her wor ds, main antenna 14 is 1 o
the ogsommIt Brequeney il ezain antsnnankt Wherstba sidvgedmeléagads dQuificient to

useegﬁﬁaﬁ tde% rmne whether switching circuitry 18
PYYS _cﬁ%_ g‘e the resonant frequency of main antenna
[0045] BWohtinftbdehéms)iRFTD A8 12w ThElheaddnying dird6its, §uth as a

r esonant freguency of main antenna 14 based on which
segsingantenrmIQ Apranse4n defarmiaing weethersumighing Gircyityplsy dionldghange
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cigifpntd shomid chapes ths resvaantdiangrty Aredt @Ricynd 4 mavHching circuitry
1890k 6R Rl BRSEInhORsHRRE HEGuenBPof RialiPfhtenna 14 based on which of
main antenna 14 and sensing antenna 20 is operating at a more optimum frequency, i.e.,
closer to the system frequency. In this manner, sensing antenna 20 may be viewed as
determining or sensing whether there is tag-to-tag coupling, and switching circuitry 18
essentially adjusts the resonant frequency of main antenna 14 based on whether tag-to-tag
coupling is detected, thereby allowing the main antenna to induce current sufficient to
power RFID tag 12. As aresult, sensing antenna 20 may be small relative to main antenna

14, and need not necessarily be sufficiently sized to power RFID tag 12 itself.



coupling is detected, thereby allow ng the main

antenna to induce current sufficient to power RPID tag
wa2005A84022 r esul t, sensing antenna 20 may be sned1/US2005/005634

relative to main antenna 14, and need not necessarily

be sufficiently sized to power RPID tag 12
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. i : G , five ol . _
o SRERS ARSI APLS © S By ARG N SUEEN Vit i

ant@d d¥| @Bulting ih& radestidipintthé re3cmeen Cigqadnchd hadhimenia 14. In this
14. Inp this manner, the resonant_ frequency of nmain )
magnesihgrepanand frggechcyof B JnterRelddy aptomatically bopegddfrom its

. i - fr i f
inflef e TS SR AP BRSTAULAR (REEHERTNARE TP system,
[0020sWhpn ottierrtagy atedn RFIsOptagmit? to BETS itapgl 23 némsinmppan2éhna 20
experiences, sufficient tag-to-tag .coupling to reduce
XSG BRIt P EdR A BT ip SRRy e PEB R pRIg™ the
opRfatinBerdgitdeyof ShERFIAGysterh Al latresl ) fhehbeRNhdhdddURREnsing
by sensi'ng antenna 20 falls bel ow the defined
antemne 20 Galts, bedew Sherdsfivad theedholyl, chustng swijchirg cirsugivy 1&te switch out

out the capacitive el enent from.pgi ntenna 14, .or jf .
g SREREL gty "Rha 140 (ERD B PRt el witn e
caPh@ORNElemhilsthREed 1, tHeh8WiSHink CiricRigryClisr dogk hbyacl STEORSrease in

not act. The increase in resonant frequency of main
respReRifEeduencfuned apiengdil¢ enisad by switchiag euplhe icapagiive element,

' 0
ST A e ol PR DERERS PR e o g ot
coaplivgd. i Inghis nmantbs, RETBNREL2 alkbinbxitdly ddfusaithe rabhaalfieguency of
adj usts the resgnant frequency of main antenna 14, and
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[0828] A lthameh REID tag i 2 0hBIG.RAERElutlegonly a single sensing antenna, RFID tag
12 may include multiple sensing antennas and higher-order switching circuitry in order to
provide RFID tag 12 with the capability to resonate at two or more frequencies. For
example, RFID tag 12 may include two sensing antennas tuned to different frequencies.
In this embodiment, switching circuitry 18 optionally switches in and out multiple circuit
components to adjust the resonant frequency of main antenna 14, thereby allowing RFID

tag 12 to resonate at three different frequencies depending upon the resonating frequencies

of the sensing antennas and the amount of tag coupling. Additional sensing antennas may



12 may include multiple sensing antennas and

hi gher-order switching circuitry in order to provide
WORRIB1040g2 12 With the capability to resonate aPCTANS2005/005634

nore frequencies. For exanple, RFID tag 12 may include

two sensing antennas tuned to different frequencies.

In this enbodiment, switching circuitry 18 optionally

be wiikizadds trcreash dhegtrpntHanityiby| hich peiiFting GRpBEEAS gcqaynts for tag-to-
ta?dﬂouélﬁn £H%1 dRRBRAMin hAEARE 1E ¥ RfodiR &t o@%ﬁﬂﬂ@ﬁi«“ﬁb system
hereby allowng RFID tag 12 to resonate at three
opﬁratﬁr@ﬁcquehCﬁquenm es dependl ng upon the resonati ng

I es of t sen antennas and the anount . of
oS RE A R ontidiaer Sh A1 ~CaRes F SrmaRiraS g BRPt: of i RFID tog
23 apabkest dyBamRall @%@sﬁﬂgeltﬂe%ﬂﬁhﬂfrbéﬂén@/ WthE Mustrated embodiment,
swi'tching circuitry 18 accounts for tag-totag coupling
REHQ tagoa mdudemnmramtwdﬂal sgnsingewtaman éantndmwm;lamg_ circuitry 18.
SR E RN S PR RBR Al A AR B ul g
c@bein®ith nifin anerﬁﬁl 12 ihd@det 2o ClAEB i &Eo@ﬁﬂﬁaq&aw ¥f main

adjusting its resonant frequency. In the illustrated
adergadidrte sPmMPRINaLS foa tpgste-tha epundias veltherher RRER:tagalorated an close

p%ﬂ?ﬁaﬂ 91y Jrhg%i %\vgl’tch%%d (i%&cftﬂ %%&%e&w%?}%%?{et}slve;éemem 24 into and

owtay @atallbl\/@)nﬁbcﬁmnﬁlth?ﬂlairmnaeﬁdlaqutba@éd grathalab@lint of current induced
connection with main antenna 14 in order to change the
by geasingiiptenpadency of main antenna 14 to conpensate
t (¢
(00301 b xi B SPSRLEI BRI ral b el B yRica Ehffolling the
rei@apiireqivasy ohpani dntarmady dasgat upos wiettleer aexbing dntefna 20 is
&,%al | el %gnnect on Wth main aniuenna 14 b sed.on, the
I&eaF g GV HEMOPPTtTE SGIBPCy Of F‘%E‘P&HF%% & Tegpction in resonant
fréRRAGY diStodag-ESgtcoupiid ORIk Gidr§d) 'slév'it}éhlilié cIFBY%trhE88 determines
vi ewed as dynam cally controlling the resénant
whicb i m@yaraenmah%ndwmn@amdnrm&b@ opgrsting\aicthe grost optimum

sSensi n ant.enna 20 i S r r the t
REREREY e Sranss S0 S RS e it dfansny 4R RFIR svstsm. and
sWﬁﬁx@@ﬁﬂindfdlﬁ 61RO e @ligndn® 24 &Padcordanbe Wt Phd M@ernlifation.
er words, switching circuitry 18 determ nes which

lﬁeﬁllneﬁ phoyvit BAS. 24matinienailids mEnresariad 2902 Fapagisive slemegt 26 and
anaj]ﬁmgﬁsgglte %?%ﬁ%“ﬁ gk gﬁgﬁ){aﬁﬁﬂ@ ?:Qézycitl\;e eqem?ﬂ?l i %rrﬁ%Went the

capadtanes bf:i‘iemtdgt’atahdrmﬂ (nOqu»WnD thae 1s€dlﬁm&<mllyibéuplﬂd to mam
accorgance with the determnm nation. 0031‘;\|§ shown in

angqraa 12 as ellias 4 eApRgitiye charagienics eheenfuglvedracsp ibricaigd to form
m&nSARRha 22, g{lﬂcﬁ‘% él@[ﬂ&‘x‘ftt%\’rﬁa}ef PRBAt tﬁ%mdﬁ@t’énme Eonductive

capacitive ment 26 nmay repr Sen
traces forming main antenna 14 Sensing antenna 20 also includes a capacitive element 30

and an inductive element 32, which may represent the capacitive and inductive
characteristics of conductive traces fabricated to form sensing antenna 20.

[0032] Switching circuitry 18 includes a diode 34, resistors 36A and 36B arranged to form
a voltage divider 38, a transistor 40 and capacitive element 24. Diode 34 maintains the
voltage resulting from the currents induced by antennas 14, 20 for application to transistor

40 by voltage divider 38, thereby controlling the switching functionality of switching



capaci tance of an integrated circuit (not shown) that
is electrically coupled to main antenna 14 as well as
wo b@saeqazri ti ve characteristics of conductive PCHUSR05/005634
fabricated to formmain antenna 14. |nductive el enent
28 may represent the inductance of the conductive
traces formng. mai n_antenna 14. Sensing antenna 20

Cigguatey J%CVQH% dividgh3& eanitpds b sTisRRing OF Sanaciive elemsat 24 in and out
ieé1 SR bortfec M‘{Nﬁﬂrﬁ'ﬁﬂ ahieRi£pL£Nt the capacitive and
ductive c aracteristics of conductive traces
[0038} Reasted 368\ 4ok 30 Bsefitailiage dividen 38 c20be Eﬂ&ﬁ@d to control the

t SNE ]éhl W Itgq%gljgf.pélag%glgis ]gglr Iggvgrll %d)ghe& the B‘,é]ls a§ e oéresister 36A
isl1Ar2BSthdd Ble r8GstRNE FRAGbE 1018 tﬁhﬁﬂi‘%ﬂ 10 341 tdh @fl8vidfmore induced

mal nt ai ns t he votage resutlng fromthe currents
clrretifrenh Ssysing ta@tnmmZQL 4As depctibed, gapsistondd ércontrolled by the voltage

acgés%?z%k%qoﬁé ﬁgé/’ d %hg({%ogho&]la]l Eo&ﬁ%{;m)fent induced in sensing
arfiMnia Q0! TS sistet 4Ut‘1/1u§-§c;ts Maé 4 aQRciiihdi SiEiEchdS c4Bkive kRmdAL24 into
sw tching of capacitive elenent 24 in and out of

papalicd cpmiectiom itbimain apicama Fhvhempgtiiated, and swigggput capacitive
eﬁg]glllts%;%dget 36A . angd. 36B of voltage divider 38 can be

o control the threshold at which transistor

[0084] Sipeeifically, Wikn REEDRIg? ivpRoed inean'RE fisldas.gg wiien an
.resister 36A is larger than the resistance of resistor
integie saki gAY 18 atofBPRg Yo ipiGHAHR R\EIPH%%% despeiiiteegrents are

infteISH il %ﬁﬁnﬁl h s%ﬂ% ﬁ% gﬁg ﬁfe' borlng tags are far

transi stor I's contro e vol t age dacross
enoogh agpet fiomi RIFID 3§ szmtamsufﬁcmhtrteg: td-gagmoandmg oconal the @urrent
he current i nduc g n sensj n ant en 0. .Transi stor

ingdpced i SensmBAnfqRa 28 1§ HFqngRr ‘ihﬁ fhes‘i}dﬁe{} Ugedhy3 Q4R gryenna 14 due

to%@faenﬁla@éenslﬁg an@ﬁﬁ@t(b f tumeﬁé oatMdl fediRheY Gthe R'Fﬁ) system,
when activated, and sw tches out capacitive el enmen

1. ez,zthv\frequ@ea ot Whighel: infepagatiorsieadef dmitd Rl enevgien TREhigh current in

F field
sehfite Aigt RLRTEECa Patlee ckffd vaifiel ovle B provgpom
tr4mdBtod 20 dheﬂﬁ%bylswcﬁmgrc@pdom@reﬁemm @Ragfkol gardIR] onnection with
antenna 14 and sensing antenna 20. Wen the

mpg;ag Bt M‘rght thigsmanner ftensistos dg ctapapeWite fharis tiveigd when the
Voll!agé {lﬁ H@é@é}%ﬁtrgsg% ét?oa)e%% @&Hﬁ’éd tglgesﬁglﬁustretc’%mﬁth q’l%\’.‘h%
caphr&tnzmlememt Jnid paexdlel mtrmapsac&ntee:mamerﬁ 26 dethmb@th‘e hesohatt

that sensing antenna 20 is tuned to the ﬁer ating

frequengieticaiBpnichBe 18 sljenaf MHzgown tad 3 éﬂﬁén‘&%ﬁ%?n the
ol SR E57 CAARDRNE B o0 S S SI8LEY4 plomise ny
comqjonangewﬂca stomge chpaienad sucies a38pduitgh ashodegh ttaosistor and the
like.
[0035] However, when néighboring RFID tags are in close proximity to RFID tag 22, the
resulting tag-to-tag coupling will reduce the frequency at which both main antenna 14 and
sensing antenna 20 resonate. When the tag coupling reduces the resonant frequency of
main antenna 14 far enough, main antenna 14 will be resonating at a frequency closer to

the RFID system operating frequency (e.g., 13.56 MHz) than sensing antenna 20. When

this occurs, the current induced in main antenna 14 increases, causing the voltage drop of



transi stor 40 on, thereby sw tching capacitive el enent
24 into parallel connection with main antenna 14. In

WO boos/1omener, transistor 40 acts as a switch tpPer/us®05/005634
acti vated when the voltage of voltage divider 38 rises
above a controlled threshold set point. Placing

vaRaids s e L Btow fee MubBhret poibt Liresiom b fior 40 s
d@&@ﬁ@aﬁ&? and Cﬁdeg%V‘e iR 29 1%%&?1@%& & }%ﬂ?ﬂ@@ M%Ctl&?%ﬁ main
0 e .

on the ‘anou capaci tance of capacitive el enent
al(tapadlélt il ¢hie reneery thzztagmytag@npplu@wah;nelgbhpu@ngs wilt fetune the

e ne SR aRE R g oL e TG0 o OPSifg neat fhe refuency at
wARhGRDORFI Oys¥ivh R dReing! ﬁm’s mkazﬁ@qmmég oD by sﬁ&eﬁﬁlﬂ;}

tag 22, the resulting tag-to-tag coupling wll reduce
carhaupicalg wdthche RFItieaster boertyinninentswhenntag interfergnce may otherwise
sensi ng antenna 20 resonate. Wen the tag coupling

°¢Ehuces the resonant frequency of main antenna 14 far

[08B6LARhouBh tHe 8X¥n@sIAY tdd 2illstrBRd e FIm.at btgatdd attonly two
frequencge closer to the RFID system operating

frequsneien dhe Yasiagle framieney tRpm Y ieaiesizgapd fpesate ahmareban two
B s W R P

svelitohi thstrseB8tsttine irﬂd:ﬂnabﬁdttdy\bpé”t@tlrtg’nﬁlﬁahﬂxbsdlyﬁetth@@fbeﬁﬁtlng frequency of
Therefore, transistor 40 1 s deactivated

the RFARsyste@- dahemporo.althoughyin e exrraple OBFI%& giihing circuitry 18
sv&%%&w&&t%%rﬁ% th PLRAIR Wy fain | Rtehflh $4 BARGI énlzﬁmy may

to-tag coupling nei ghboring tags w et une
SWlh’.!h & capagigveslembninmisarieswgin mainl dntenmahi 4 statrt oiarcapacitive element,

ant.enna 14 js.operatin the fre at. whi ch
oIR8 YE A e a APt ET I oG FO M R by 4. or
cotbihAiohY er@&)?ﬂé'dh){n%“&ﬁgﬂ{kbﬁﬁﬁ Srefbddey to*ﬂ%la%Fmeﬁ&aﬁf rFdrxample,
envi ronnents where tag mterference may ot herw se

m@m@menn{l @@3@]5/ bmtumnﬁdgHStﬂﬁeMﬁzmmsgmsyng angerm2 20 may be tuned to 20

ted in eratsat onI t . )
MHZG atlll es%:glflgg c1rfslﬁgy&§ BUENK nfou a%peaﬁkvet eéne%%§6 E)Iéorder to increase the
reﬁﬁﬁnm&ﬁleh@y Qﬂﬁm@te@te@ha M fntheh i cuirivat fﬂdﬁ%ﬁ%bﬁ@ng I€nna 20
exanp a i ncl ude four sensi E ant ennas and

xgeqds dilim é@éyfeg Wrﬁsélﬁlf{ haddienaliy; i some emiesiments rratitching circuitry 18
LR E e g B

usixfg ﬂL@i’en? dmmletr ohsage ciheceirduityredfdnsaninkaduesnent c dpaeimbbiignent
arall el th in antenna, 14, sw tching

el ene
llle$t¥aé ler Gngywéfmlew with iRl siret elpmentsy @ggle circuit
elhd R, WRkiA iReL Attt 1§,h&r 4 cAWinRidARaeht i ve el enent,

[0037] FIG. 3 is a schematic diagram illustrating another embodiment of an RFID tag 44

capable of dynamically adjusting its resonant frequency. In the illustrated embodiment,
RFID tag 44 includes a switch 46 that switches between inductive elements 48 A and 48B
in order to selectively include inductive elements 48 A and 48B as additional loops for an
antenna 42. In this manner, switch 46 is able to vary the frequency at which RFID tag 44
resonates.

[0038] Inductive elements 48A and 48B comprise portions of conductive traces fabricated

to form additional loops for antenna 42. However, inductive elements 48 A and 48B could
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or swtch in an inductive elenent in either series or
parallel with main antenna 14, or conbi nations

wo b@saefo2t o change the resonant frequency of PEI/NS2005/005634
antenna 14. For exanple, main antenna 14 may be tuned
to 13.56 MHz and sensing antenna 20 nmay be tuned to 20

WMHz, and sensing circuitry 18 e{ short out capacitjve
befheamepopsnt With Ay grducgnes, of e%@gl q%}ésqpé%wﬁ@nmﬁeéaé%wrated in
n [
thgn txgiﬁgfé cggingg ggé&:ﬁt@’ﬁg gg‘e??érlg ?gﬁ&ger arSiGARRE element
48BldTherefrat,|IREID tag 46 moaatbmah amagha frequemayrwhngl ovitahutétis positioned

toggara IGCRE demiaSan et Meqianbyoterhenditivy plement 48B.
[(ﬁbBy] I&itcRu6 ORIPRRE a Fow PHvET hﬁ@&é&%nﬁ%ﬁ%&ﬁ@ﬁ&m (MEMS)
he enbodi nent illustrated in FIG
swmii ecaprcadr switdh, nybﬁlamvet@mg:mmp@bmrré‘rW@h 46 mangitleer be
ST TR et i TS oRuteGda Bg rthefie cloment
48R 208 adiridg diéiﬁglatpbwgr-ﬁ;lﬁ eyd1ebr eireahaRRtpoer-ap chEibD Inashe
44 capabl e of dynami cally adjusting its resonant

lmplélq@etm@n swiich He cmnpus;ets rad pwepayis MEMSrawitoRrthah chagges ghe

re§ rf:an’tjﬂ'?ciueﬁgi% ﬁgﬁa Jiaeftalt a{e %?er% t &l hlnt% Ctnlﬂ%\g)%ment

|n or sel I'vely |nc

MBMSI Sivitvie 46 neyBBd1Hred8A ffvkr 4(8&/1&&1 Iafmidnls ml is he®psary edr
an antenna 42. In this manner, switch 46_is able to

infegrajed AECHT EyiQdHgHoRPropArih Facreioteatyham RFHR dad brpoeives enough
t

ro kA S 1R85 BB AR AR w1,

MaiM$ switclathdngepposition iarhentampdd. drhiowavegh curredt/edltage from the RF

el enents 48A and 48B ¢ conmponent with
CTCHRIORRANCE MiBFraea PPt 25 y%ﬁg@@g{et@hgﬁ eXfe@Plae change
pds!i {orsdfferbath tﬁrﬁe Ri€D @Wﬂs%o@feréﬁl dawn3 In'tﬁ‘l‘é‘ B&%h&e RFID tag 44

el ement 48A is physically shorter than inductive
welld miiptnate@Bsontiting ef tvogliffeehOirequyndids, reess ol fai ted Bt angl 20 MHz, at

hi r_freguency when switch 46 is positioned to
ev@@ﬁ?@%’i PG % y\y7 eI ement 48A than when the sw tch

[0020F Af Ez&eﬂr@%’dﬂﬁhld\éﬁc@ e fre, 488 atlddi? AlfirSiveAd 6f ADhERFID tags at
conprise a [ ow power m croel ect r omechani cal system

a lox@tie) I3wiingthe flastéwadcne@dlrgwm tbﬁlf cwermsmfr adiiptrsyhsat gf the

RERTRECSA e 4 BN 48 ST AP hhorsca i

Mszamt the eerﬁhmnfgrt‘ags%m beeccglﬁgutwrto g oAats bngk eemwfequmcy, e.g.,
cle or on alternatjve power-up cycles. I n one
29 Za RO SRS Sriag sWRling oseurédhﬁ mt@é%gaaon evise gRIpmyRigates with the

fuﬁfé"r\éutgtga (fu % Ak 1 @ReREd Eﬁqe ra%ﬁ‘?@;&n'{ Q@Qﬁ‘ﬁ%éﬁg@fes Bt RA%hagnetic

nate power= I ment,
field to cause the RFID tags to change thelr resonant frequency. As aresult, the first

subset of tags will be configured to operate at the second frequency and the remaining tags
will be configured to operate at the system frequency. Thus, the interrogation device will
be able to communicate with the tags in no more than two interrogation cycles.

[0041] If there is tag-to-tag coupling, however, during the first interrogation cycle the
resonant frequency of the RFID tags may be reduced. In particular, some or all of the
RFID tags configured to operate at the system operating frequency will be reduced below

a frequency range responsive to the interrogation device. Therefore, these RFID tags
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MEMS switch 46 may require | ess power to switch
positions than is necessary for integrated circuit 16
wo eoosamme: on properly. Therefore, when RFID t apCHaS2005/005634
recei ves enough power to activate MEMS switch 46, but
not enough to power integrated circuit 16, the MEMS
swi.tch changes position in _an attenpt to draw e gh )
eXPEHERHY 1R81L0-4peCTIPERE PHE nofehbAERE A2k 13y ik ﬁquﬁﬁsgafya&Oélanumcate
Wi
B o R Xy S AR 1R he
systent dpesatimgrinsuendRhd doagpt 44penEnkel tagttbaag actwphng solidtiably to

by L RTSDl, LLERSTELeS,, B o3 SBue 0820

fréc{Heﬁ&éQ&@stoh%r%VdeEe REN® 5 Qb5 guFBY tPSJelIP bt tBe fsédoﬁli frequency,
read of all the RFID tags at a |l ocation. During the

e.gi 2@ MHzwill belsipelady mgiv@nd tlosérrto ther opematingtizaquency, fd will be able

subset . of t 98 Wi | l. be configured to resonate
to a?f’méinweé Eﬁléerl&% tﬁ?ne‘aeﬂlé ffey, e.g. g 13.56 Mz, and
[0bhE AR&mhding all ﬂ%défédtdbl@ﬁg@ oh thefiks e ad Qhé ﬁﬁ@ftﬁg,faﬁoﬁﬂevwe
the second frequency, e. 20 MHz. If no tag-to-tag
augerngicaly rgpess she Rﬁéleldwvélrmwmsmm@mmérogmﬁw*aw&ch
caw#] SQhé p/ﬁEMS &/titcﬁ’ bo%(?ltle ?ﬁ ' % ?551{1&‘;’@?&3{&% e sg&)qld
t emovas an reapp g onmagriet i c

1nte@ro§ﬁitﬁﬁcy&:lb$ alRof Hietta@hhtwvﬁh aﬁ@ﬂe thedrhmogisaearith the 1nterro gation
frequenc aresult, the first subset of tags w

dewece@aﬁh¢ ér,ﬁt ferregagion plephvill breable kyprithe serpnd Aeard %Pﬁdo the
chttaﬁgedrlﬁ&?dtéﬁ 9 phARR1aHY! JH] % the Eédogﬂ ﬂgrrﬁ%ti%ﬂ% é“a Eth@¥irst subset of

syst em requency: e Interrogation device
tagd thht Were abigmally confignrad catesonatd &t theheystealg eparatinpofreqmescy will now

than t i nterrogati on cycl es If th ' )
bet R g Ay SGUS LI SR OB aiiph FRRREIE § FGFIHE The portion of
thésrétt%srtegﬁf‘iﬁc@lrboﬁ%ﬁﬁrﬁcétféﬁ dhﬁﬁg mrsf n@GHRAGYN Qiclé Qfﬁs ﬁiFsh&essful

tags may be reduced. In parficular, some or
duRRd Drgttaefsg c@mhnguwadwmbaﬁfémw&yathe tdgetogpg @@mhng from the second

re Rl el SRR orR e RS SER s otdle Bebb SRy ARG

achieeE @ﬁ&éﬁfulto@ﬁﬁﬁnﬁﬁa@ntvﬁﬂﬁtﬁ& ﬁlﬁéﬁ@gb@ioﬁ dleVviad- Darih@¢he second read
W t h nei ghborin s may not successfully

CYébrfg‘U ﬂamsmt Aver® erigin f> w}lﬁﬂzwd@mné@ at thewwesand frequency

wﬁlhb% c%gﬁgmteﬁgg re%gﬁ]e{té gtt’thg ?ysg %ﬁe@ﬁen&:g El‘ﬁé( tgégtthat were

requency errenc

un@blepb bmgnmnnidatelxmrmlgltbe first saad@gslsf id.) thoseaagemamme not t h
the interrogation device. In addition, the r esgnant

CXPPRRGHEIRPE40-tre coypbng il mowarchiene skesees filemgHeatgn vath the
1n{§>ﬂ'og 3&& c%t rﬂé ucegﬁﬁe{}gggﬁﬁﬁgﬁ? ea’%gne ?lée ﬁnﬁegrolgﬁgoﬁ’\ﬂévlme is able
to frclsafequllllscl‘fct1;1(7r REHA tagslih tvoerealicgcles or less. For embodiments of RFID tag 44
that use more than two additional inductive elements, e.g., three or more inductive
elements, additional interrogation cycles may be utilized to ensure that all of the RFID
tags achieve successful communication regardless of tag-to-tag coupling. These
interrogation cycles can be merged and recorded by the interrogation device to obtain an
accurate log of articles simultaneously present at the location.

[0043] In an alternate implementation, switch 46 selectively switches capacitive elements

in and out of antenna 42 to change the resonant frequency of the antenna. Upon applying
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to communicate with the interrogation device. [0042]
After reading all the detectable tags on the first
WO e@d/1040k2 i nt errogati on device automatical |y PENMDSE®S5/005634
the RF field and initiates a second interrogation
cycl e, which causes the MEMS swi tches of the RFID tags

to_chan osition. During the second interrogation
M@E Feld, RED e #4, ESPRASSS 3t RATSWET R abige e oRsgHEreeRcy of the
D E&rswﬁ’? 14ENERS a&zhf?é"th@%‘éb&ﬁopﬂegtlﬁkecofcbfléét charge. As soon as the

rogtlon attenp be abl™e to on the Second
capeeitbr ¢obedtoertdugh cchangg,ed: ,|withuat asdeen Bathe |FtHJf1dd Ifgr; an extended

di th L1 on.ox {
ppib ity SPRIETS Rt s i 8 etieggs FHGE b fi b B gramete
iRASARPRAIEL 3! e hiiBe %R&?{S@k‘iﬁdiﬂmﬁi BEIHRoYitioh that RBNYaBE

confi gured tO resonate at

he second operatin
mﬂmcéq'a@lment 485, At2ige Mhzrged’hwm pQSﬁmmﬁFﬂ]ﬁé@;ﬂt regenafiesrat 2

sefonf et fef Aot LecthiyfifacdodSo b et A FhETIRGER g fo-ta

colpihHEcciied, de DOWHzh A fier $hd @phélfbr ¢68eP EhdighfeherBylth ®e unable to
second resonate frequency to a frequency closer to the

halg Sreeppagiier it theg chareeliadichaneitian 6.8-agfirdheiniatagatien gycle is
te Mé&' s%{ X ea\(ljl‘faﬁgcl eglf Fontthg {1%91?1{%68“ ﬂﬁ%’ﬂ ggsm(gp ranHls manner,

e SGCOI’]

svitchgionak bylefamitf swgich @dsition g pindtiglyatsonbenSaCIGNEb MHz. In this
frequency will be configured to resonate at_the syst em
MyHET At IRhtag ééﬁmlcaﬂﬁﬁ%@sﬂt&d@mpﬁ‘ﬁt frepupRey filBIEe sRgle power-up

cy‘éf%rfméﬁ%]Lﬁ@E@ccgéé?ﬁl%nﬁ%lédtfoﬁtwﬁhe@g lﬁ:yl%h@er in Gther fvtﬂﬂﬁeln this

tags that were not experiencing tag-to-tag coupling;,
configtirationy the ht@vegation desisé ndedomirapply ceb lsqmra/w itllerrdgation cycles.

b A3z e S 0k sbiEh “R G RELD 4 b pgts between two

trdcBQer (ﬁkﬂeréﬂt 1cnBhs R bk ?@% 1h8ucttéﬁ’9:ero? @ﬁ'teﬁﬂe@hlem t|a§ 3% may use N
For enbodi nents of Dta 44 that use nDret an

‘dlﬁdmm: tranedéengthransta ¥ éo N swmteh irsorder &g, allowhV éeffmntrfmq@ency

uctl e.el enents. nal |nterro at
v TERETSE voiiinty B iecP bR B Ay B §Bmponeats
sudk B EAPACISIVE 66BPbREnts; HIWIVEBhSUneh8 06 dbndSSatidhs thereof, to
coupling. These interrogation cycles can

auﬁmﬁéi,tacgllg g%uﬁtéh@ F%@EI&IE yregwency of BB d2g 46 nAé%mpa@lyt, BFID tag 44
PR SO SELHE ORBI BTt M BBRFID g 44

seleapihe swittlaposition bavet apor Fhivhlofelid sweitch mositionb esuses antenna 42 to
capacitive elenents in_and out of antenna %4% to ch n e
a @cgﬂlent of

OPCF® FARAPAIUTR ffé&%Fé’ﬁbfy‘h%}FbY H‘étOéH’t“éﬁ A D%

FIBF3fn'1a%)l i r@gedr?%%t% wift cBaaes Cy B therfts, bl %tsg{g{eeﬁg?féﬁifent within
an(RIE]BﬁulMﬂz)a contbinaionhkereapaci t or begins to coll ect

[Ogm rr%% 4%3& ?18\%nd1g§ra1tn 1ﬁustrat1ng exemplary operation of an RFID tag, such as
RFID tag 22 of FIG. 2, that auto-tunes its resonant frequency to compensate for coupling
with neighboring tags. Initially, RFID tag 22 is placed in an RF field (50). For example,
RFID tag 22 may receive RF energy from an RFID detection device or reader antenna that
is attempting to retrieve information from the RFID tag. The RF field within which RFID

tag 22 is placed induces a current in both main antenna 14 and sensing antenna 20.
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capacitor collects enough charge, i.e., when it has

been in the RF field for an extended period of tine,
wawsamodt switches to a "charged” sw tch posiPCDOS2005005634

the exanple illustrated in FIG 3, the charged sw tch

positi on may be the positi on that contacts inductive

nt 48B. At _the "charged" switch position, RFID
[@égfﬁug%%r?&tltgglngtw&ug@/c&@tquéﬁwh@rB&iﬂDaqag @S experiencing
s&ﬁﬂgﬂﬂhg - a%'%oh?hf?ﬁtcﬁ&‘e%&‘ﬂﬁ&in%@ﬂn% 81 fWigkE % seLto & resonant
ag coup . ft

tag-to- I Ng occurs
frc@pacy highe thae theeperaging émquwytaﬁ tltBeREHthjl'seem (Io Immodatt: laean

SRR R, TSR oS EBFE 0m e 5
F&*@(ﬁﬂl@i’e bafknih® cfr&ﬁtry 4B GRAY BRI misMyh&RePO&]tenP hdubdl in sensing

this manner, switch 46 has a default switch position,
argenpa, 20j1p) smfuﬁaiengly lasg® toatiaisn gt eyonda BEedeid valne.t When switching
RFID ta es its resonan
oA b e mp e e s AP a8 s BYRE B desTairiare when the

cuEtRE BEaEed in GBI it 201D 1Mdrgertthﬁ1 Rehréspolevalud, raRdiftBF 40 turns
words, in this configuration, the interrogation device

Ot &) anbswisgheh ¢ capasitiverieaens 24 e éaliaﬂgla\ﬂth)ma@ymt@@a 14 (5 8). As
d%%ﬁ] abAlVé Eggﬁttny el&ﬁ nt%%ﬁplje? egtl%e cagacn?én %dit 1%1 nAé%t na 14,

etween es o er en

thb&hg tehﬁcin(g tl‘idﬂwsglﬁhnt heqmemdy of alagearménmantdeidna thethightrlfRRquency,
ag 44 may use N different trace lengths and a 1 to N
ng Mz, ﬁo HedyptemPRerating feayrnve s &ntl 3504 Hz{63)-

[0027] WheR SRitc 1Hé Eﬁ‘y pgg 18 :deRWn el ufhp sﬁﬁi&eﬁﬁtagzcg ad Qupling is

swtch in ot of conponents, suc
occapag tb ide@ne omioaens, 14 ficnahe Mghmﬂamanrmrequency to the system

onF R AP PR i em DD A0 1 SIS ey 49 e

off 86D) AA s FB¥sull () Gl atte! ﬁn&%ﬂ 49 chff %Héd fd/reéo%laséeﬁ fﬂ'ié mgﬁervnéqnency,
respect to FIG 2 to allow RFID tag 44 to selec

bug v dedined dyyithe tag-toedeg doupbiog with nefighdloring ¢ags\in clole proximity (62). In
nt.enna, 42..to o erate at

thgo S%r%llceaﬁ @?ﬂﬁat ?Z %gto tipes ]{Sﬁﬁ it ac eﬁefodﬁng&gtrhﬁgys{em operating

frcﬁjﬁbﬁ)@l ifeRderab c&hﬁens&teflﬁb’tar@&oitﬁ@& A @ginWattiinbisiot 1O kit is
el ements,” on a sin eta rrent wi thin an

confth dbasgd op thecugisrbindaed aen@n&élntem[lm:&}atwp® the quarent

influce Wﬂmg{a}g 4 M.%}éﬁﬁ‘%ﬂg&%ﬁ)@ﬁ%ﬁ%%@ﬂ PRRS Bk b anBRwitching
m@ahEMSmsm&@/betmedl esanaine REMuageY. t o co;rpensate for
g tags. Initially, RFID ta

(OB 808 s Howratam PS8 FRereelascaneiasiop ol B IDRaE, such as
RAD FRUALF SRS PRI § SO FFL Db CRLERRL AR EF Y] 6]

or reéader anténna
example) to dynamically change the resonant frequency of main antenna 14 without

sensing whether main antenna 14 is resonating at an optimum frequency. Initially RFID
tag 44 is placed in an RF field (64), and the tag is configured by default to resonate at a
first frequency, such as the operating frequency of the RFID system, e.g., 13.56 MHz (66).
However, if tag coupling is present, the resonant frequency will be reduced, possibly
below a frequency range at which the tag is able to communicate with the interrogation

device.
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is attenpting to retrieve information fromthe RFID
tag. The RF field within which RFID tag 22 is pl aced
w0 pabsaes?2n current in both main antenna 14 andPEENS1008005634
antenna 20.[0046] In general, switching circuitry 18
determ nes whether RFID tag 22 is experiencing
sufficient tag-tq-tag coupl to detune main enna
(0041 pp it i cleasmAEDs U B e SRRAHEF THHSAAD R o
a&ﬁﬁu&?@&fﬁ&%@% 8)." QARG MY it ed iRa ﬁf&t@/ess\(ﬁkﬁr’MG ddPects enough charge,
resonate a napproprlatefreq enc l.e., In a
itbwitchesne y “clemgel rsesohpesitien (10)amd RlF]é) rgddtresomage af £second

N

argglﬂaﬁn%fllfﬂe(‘deﬁmemfrdn@f&% %lfér k&bAfnt 'ffeqﬁ&%@lﬁg tlge lower operating
hreshol d val ue. When switching circuitry 18

frdqaxeacmmcmbmlt ablome. uInc thisi rearmer, dle resonaay fr@@tmcy 7] RP£D tag 44
occurr.in G current i ﬁ'ﬂ sensing o
vles Shiiae Foinele oy P toktio SHohF BlsrbiH SEph iR VI me
intdrR3EHiSE @vidOwithidud SedRivik Do Rparafintcefdpatich GRRAC iAftey the
element 24 in parallel wth main antenna 14 (58). As
cape@tqrul@s@a e@mrgh(sharzgap%@, pihow thel intesegation figld iswmeyed papacitive

.2 b

o DO LT e bR S e
S\)fllf(ﬁﬂyﬁﬂﬁkﬁo tiee ‘Ginchad@edHavitch@okitiengy4)t em oper ati ng

equency, e.g., 13.56 MHz (62). { 0047] When swi tching
[OOSPETIG o7 2 Gloediaram s SSHPPIAEY GraGioO B I o such as
Rfﬁj*[%ﬁ' AL FGOS ‘%an%% ﬂ%lﬁ&%s JRUHIR TRiR t8AVERAR A cﬁd&]gg‘the

e hi gher ‘resonan requency to the system opera i’ng

rekoragufraquency bémsain antdnna d 4 ovithout $emy1nguvhu:$hem1’nﬁa1n antenna 14 is

transi stor 40 or transistor, .40 remains off (60). As
repraing at apeRiiaHp disauency- 1 thigey St eB 4 P&@wﬁfﬁs AMEMS
it tﬁh hmfdaR Y URRMpEs (HAUEsdnanted eﬁgy MmhiR@nledfa 1 #bE@@en

coupling wth heigh orlngtagsmcose proximty
pav&2)up dynles b$ deserihebabovRF| D tag 22 auto-tunes itself to

RS ubCRRERNGEES e BB BBRLR MR BIHEIFY Lt

tolre@nstes QfirdGrdqhadeyl SuchQR i Oﬂe@ﬂuig ety ¢fhtBe REFID §fiem, e.g.,
i nduced by sensing antenna 20 relative to the current

13. e Btz (78 Hﬂagwt%ﬁg@ﬁmllwccm Rewaster.dhe igpmans figquency of RFID

tad UGy PR Sy LRRNPIR eaﬂ&cgg%ﬁ%%g%%gﬁn@@g 03 e SHR B cRevice,

arﬂii tﬁ@ REMD itdd may had suogzsefudppebanyuniyaer with die infer@gatdn d@vice. The
such as RFID tag 44 of FIG 3, which |n | udes
Rgxﬁaeldclﬁ sulgseqeendy. rela%%dp@@? & &reAfEhihedRierogatins eé@&;ﬁ&ra@f all the
f f
RER USRI 8Lk SO e RO E e ROHE g o chune
paseEmed82)nVixn asubsgiuentuRT ffuekhm aepehed tbiREIDahg ¢4 B4)[>.g., during a

subsequent interrogation cycle, the RFID tag is configured to resonate at a higher

frequency, e.g., 20 MHz (86), which will be detuned when tag-to-tag coupling with
neighboring tags exists.

[0052] FIG. 7 is a block diagram illustrating an exemplary RFID system 88 that may
utilize RFID tags capable of varying their resonant frequencies to aid communication in
environments wherein tag-to-tag coupling may occur. In the illustrated example of FIG. 7,

RFID system 88 is used for document and file management. RFID system 88 may, for
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tag 44 is placed in an RF field (64), and the tag is

configured by default to resonate at a first
wo e@gaeney, such as the operating frequency of Pehesibs/s634

system e.g., 13.56 MHz (66). However, if tag coupling

is present, the resonant frequency wll be reduced,

possi bly bel ow a frequency range at which the tatg IS,
exapIRle-ts deploveh athinelawi ATHCESh BOYRRBPRt g SRGIEsH or other facilities that

. [ t I .

S8t fnd 006Shchte A s, Ao B ShESLCATRANE st rcors
[0953} Heprb @Ry, thekeefiles ey begogitionéd imagpannbdrvé sovigechead 60, e.g., as

S B0 2 RT3 a0k ¢ A58, et HIEs5hor00C, a an

OGI8,COpHd JORESHUER M af 168dtionS - Horagd M Bo mA) BB prAGddLattrAdtiple
coupl i ng between nei ghboring tags exists, "antenna 42

logitidns yethie i peganizatien, b eppisgh & inraesingla fide foosy Udnrexample, a

the lo oper ati ng .frequency..a escri bed ahove.. I n
s =Pt e S T 5o Ao of A spe Bhelt and
thﬁ@fﬂa? e Gereirbd t@o@oﬁ@iﬁ_@reﬂ QyBE “&Hélié‘a&’e_ﬂ”%hél%ﬁ N&Y&ISo described below,
successful comrunication with the interrogation device

stosiagt aigns PR erild ba dpcated nsapiadividual pffices eetheioreasyia) tog example, a
. i | \
R oo RBRP T FSESGINAD S PRI syl e AR,

[0084] B sonrldnsbddoméal, dtdrhge dredsdady bs WMmabhstpage tate@,” The term
and the capacitive switch switches back to the

“smagcRirgetrea sitivsehe sl tAeierip) a stprgs piea fpig depumengor other

g fiff B SRR it Pk b oS EPAR P BT Bl A locating
dacnolendes fidesVaklEn Sydt¢mI88t dn gymtianiac ahlayt stdragrgaessmay include one or
resonant frequency of Lh.antenna, 14 wi.thout sensi
mafeaetiane e T D Figs Grhaeiag it B g R n the
refpeBAWEREMge hital BhEcaANBIcte (RMNESMafiBn ¢TI 8% RFIVFMSs to
switch that dynam cally changes the resonant frequency

argéle menageamens spsien H28hatvpeevidgsovesntrapdaty storss egs within one or more

scri hed Qve. 051] Initiall t 44 is .

e P e RO pfB Pl e RUBMRY ffCadefegation of the

infRbiiGn I ERe inforhR$ioN aly iftlude, ffbr @&an{gjeg POSIFI6Y inforkdtioAghat

_the operating frequency of the RFID system e.%.,

indigatsg Wiete they %}e. ordocummgntrig lacaigdc &iilp ltliah%ng 8¥slers 92 may be networked
, e r (0) : :

o PR ol SRR g CEUREY e TR LA TR Bions cn

actess dataaghativoto tesd icens. dfud ekinapkeFh Bser aghyBy filotracking system 92 to

successfully communicate with the interyogation
regieye ghe flpicafipn fiamaation fxqpp Shefibhitpip. phished tq gyuser the last
lo&xtn-at Fhidthé NEmb Wef! 100484 WaRiGE SF4fe {6AYS afthb. the
[0055] In an environment as illustrated in FIG. 7, the distance between the files or
documents and, more particularly, the RFID tags associated with those articles generally
cannot be fixed to a minimum distance. In accordance with the techniques described
herein, the RFID tags of system 88 dynamically and automatically vary their resonant
frequency to aid communication to an interrogation device, such as a smart storage area.

As aresult, tag-to-tag coupling may occur, yet the RFID tags may achieve increased

ability to reliably communicate with the RFID interrogation devices of system 88.

16



RFID tags that respond to the first interrogation
cycle, causing MEMS switch 46 to change positions
wQ@ 3@p/1040kEN a subsequent RF field is applied tBCRERID05/005634
tag 44 (84), e.g., during a subsequent interrogation
cycle, the RFIDtag is configured to resonate at a
hi gher frequency, e.g., 20 MHz (86), which will be
[00S$]URED ¥¥i€sn Ba'a:Péerg AGhEOABEnREcYEdnBe BEHBRRRORBchARS
exi sts. £0052 G 7 is a block diagramillustratin o
spaeirERetiph as §3.FREMIls yaithean @B vwabla fregupnest variapee -t/p7 tlys which is
EYI Ir iles.to aid
oA b P DRSS RSP ot
frépupdieRaiBy uGeclor RFI appliatibhs)aid tleaalvedraniy @t b lifdifed. For
7, RFID system 88 is used for docunent and file
eXapiley SPRR éfllﬁkfsy@@y it lergegtorags areasoiuek anp warehgase may use an RFID
I .t ' ; ver nnent agencies, or
S%%ﬁgg%ﬁggﬁ#%?#gg&?ﬁgﬁﬁggﬁggggggand store docunents and
[0057T]e€aricusembadinmand ofahs inventicn eve, beamdesorbléd: alhese and other
records. [0053] In practjice, these files may be
eRaSnERSH ate WitA the feBes Sighé ?Qlk%@% claiBhs 90, e.g., as
shown in FIG 7, on an open shelf 90A, a cabinet 90B
a vertical file separator 90C, a cart 90D, a pad 90E
or a simlar |ocation. Storage areas 90 nay be
provided at nmultiple locations within an organi zation,
as opposed to in a single file room For exanple, a
storage area 90 may be associated with a particul ar
| ocation, e.g., a docketing shelf, and thus may be
referred to or considered to be "dedi cated" shel ves.
As al so descri bed bel ow, storage areas 90 coul d be
| ocated near individual offices or other areas in, for
exanple, a hospital or clinic, alawfirm an
accounting firm a brokerage house, or a bank. [0054]
In some enbodi nents, storage areas 90 may be "smart
storage areas." The term"smart storage area" is used
generally to refer to a storage area for a docunent or
other itemthat is equipped with RFID interrogation
capability to aid in tracking and | ocati ng docunents
or files within system88. In particular, smart
storage areas nmay include one or nore antennas that
are used to read RFID tags associated with the itens
stored in the respective storage areas and conmuni cate
the information read fromthe RFID tags to article
managenent system 92 that provides a central data
store, e.g., within one or nore databases of a
rel ati onal database managenment system (RDBMS), for
aggregation of the information. The information nmay
i nclude, for exanple, position information that
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i ndicates where the file or docunent is |located. File

tracki ng system 92 may be networked or otherw se
wa@owplie®2t o one or nore conputers so that indi RCTUSLS5/005634

at various |ocations can access data relative to those

itenms. For exanple, a user may use file tracking

system 92 to retrieve the file location information

frongiAgveat a store, and report to the user the | ast

| ocation at which the itens were |ocated within one of

t he storage areas. [0055] In an environnent as

|II r in Fl ce between the files
R elfibHeaudhey iRt D) BRGnFER, 'F gt

aSSO&maiIﬁdltéﬂnhhuﬁeﬁQﬁa fastireohes fgrnenat kyd cannot  be

fixed to a mninumdistance. | n accordance with the

t ec hiitshing Gecyiry hahmemigally changertiemesongst Brquspest efthe main
an?é%mgynam cally and automatically vary their resonant
requency to aid conmunication to an interrogation
device, such as a smart storage area. As a result,

tag to-tag coupling may occur, .yet the RFID tags may
2.achi Mﬁ%%ﬁ sy furgher ?QinPféﬁli‘%% F3pacKYRSHIReRE é’VIWTQIH the

@E?B@%Quhﬁf %gercﬂga eﬁa'atrii‘gﬁ%' E&ﬁ)l&ftpéx £VE 1nHBPR) the main
syste oper at es requency range o
antdn@a ¢ elcdnpge tegrsinact Sapehcyuoy the oeim ageri®. 56 MHz, with
an al | owabl e frequency variance of 7 kHz, which is
often used for Industrial, Scientific and Medica

3.(1 SMyARPID £ %tdf%%n 2H%@1\éﬁ{ the @Mt@ﬁmg Eﬁ&ﬁ&? Ch@Sled MY cbpacmve

used for RFID applications, and the invention is not
elgnertimparetic] Wit thexwaip hatensoieedice thepserantrequenay gthe main
nitorage areas such as a warehouse may use an RFID
S/8fem t hat operates at approxi mately 900 MHz. [0057]
Vari ous enbodi nents of the invention have been
descri bed. These and ot her enbodi ments are within the
4.sco p’ﬂledﬂ: ihtagfodicladmiZayheted the capasjtive:elepenp comprises one of a
f u | fication (RPID) tag conprisin
caga%%)?n %ﬁ?%%ﬂggtt&ﬁgg%k‘o a first resonant gfregﬂency; ¥
and switching circuitry that dynam cally changes the
resonant frequency of the main_antenna. 2. The RF

I D
5.tag Hre RYIR #epf climdhBirthenrpspprisipgamindaghis dlqryent, wherein the
svxg*cgg%rglrcu Jefécﬂv% 2%16% b b&%l&s' th& iﬁ EtYVée%ﬁ&it t% Ble¥main

ricall’y cou e capacitive enen
aneing t@my@nﬁealtym}ﬁhgm@e rédomartt gty offntlmnmmca;ntemha.t he
mai n antenna. 3. The RFID tag of claim2, wherein the
swtching circuitry couples the capacitive

6. The RFID tag of claim 1, further comprising:

a first conductive trace of a first length; and

a second conductive trace of a second length, wherein the first length is greater
than the second length, and further wherein the switching circuitry selectively couples the
first conductive trace or the second conductive trace to the main antenna to change the

resonant frequency of the main antenna.

7. The RFID tag of claim 1, wherein the switching circuitry comprises a

microelectromechanical system (MEMS) switch that selects different electrical elements

to change the resonant frequency.
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element in parallel with the main antenna to reduce

the resonant frequency of the main antenna. 4. The
wWeRRIB1040g2 of claim 2, wherein the capacitive ePE€NVERL005/005634

conprises one of a capacitor, a diode, and a

transistor. 5. The RFID tag of claim1, further

conprising an inductive el enent, wherein the swtching

circuitry selectively electrically couples the

i nductive elenent to the main antenna to dynam cally
8.chanffe RAD tagodukeim 1f mwhaeenidy switchihg civetiiry apmprises.a @pacitive

SR BR A Pyt ke pRnCioeley ORGP Mg Beschymgn o Hored

ch ductlve trace of a second length, wherein the first
| ength is greater than the second | ength, and further
wherein the switching circuitry selectively coupl es

o1t v B PR, RSP v ool 25RO SBRMF ¥ an amone

offele@erupgetRfcotpend@ith a&ﬁigﬁbﬂ@qg tag, Wﬁ&ellﬁl‘_th@sxkfﬂ@m@é circuit
claiml1l, wherein the swtchi C|rCU|tr nprises a

selectydi Inseeasesrrciesisrecs thesipsonant {rRamonyy 8 érrﬁu@ h%tﬁnna based on the
I R el enents to change the

Seﬁ%&%ﬁ%ﬁpgéﬁlg&l%%%gﬁ ﬁg%"{gﬁ&% D tag of claim1, wherein

the switching circuitry conprises a capacitive switch

t hat _changes the resonant frequency of the nmain
Oant m ofiglgHn Q> wheielrthe ﬁ\éﬁt@@ng gurcurfiy CP%PPW%%@P%WSW
thgtltﬁfng]oﬁwﬂeﬂlﬁtclﬁ enCATRE Lehbi cﬁc&?@fée@@s aHhEﬁHbﬁd vafueS€Nse

an anount ectromagnetc coupling w a

nei ghbori ng tag, wherein the sw tchl ng circuit

| ( . A |
117 £ equheST Yo Oh G B HEERH S BRLRIO ey Diffesgomprises a st
reﬁ&gyﬁﬁd DlechEFIsRIFRAAREdIG0 ¢QHRE hRBItadeMiviliBetoRE Ptk Ak threshold

claim9, wherein the switching citcuitry conprises
vahletata\rhmlsdlotranmmrtumm on when a current in the
sensing circuit exceeds a threshold value. 11. The
RFID tag of claim 10, wherein the switching circuitry
12f ur thRRIEOMAE o 6B 1f furthbr @8R 2 MEing a8REANEhned to a second
resistor arranged to realize a voltage divider to
resoelgluﬂ feaqmendye whireds the|switghing sirgpitrehanges e repenast Gegpency of the

mam H alEn®a based on an amount of current induced within the sensing antenna.

| 13.  The RFID tag of claim 12, wherein the main antenna and the sensing antenna are

coplanar.

14.  The RFID tag of claim 12, wherein the sensing antenna is tuned to approximately

13.56 megahertz (MHz) and the main antenna is tuned to approximately 20 MHz.
15.  The RFID tag of claim 1, wherein the switching circuitry automatically changes

the resonant frequency of the main antenna upon application or removal of a radio

frequency field to the RFID tag.
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12. The RFID tag of claim1, further conprising a
sensing antenna tuned to a second resonant frequency,
wob@sana2t he switching circuitry changes the rBPSDOSIN5/005634
frequency of the main antenna based on an anount of
current induced within the sensing antenna. 13. The
RFID tag of claim 12, wherein the main antenna and the
163eNSTIR AT BB AR 1CARIRPESmpridng IRFIR I Jr8@d Cfrcuit electrically
claim 12, wherein the sensing antenna is tuned to
coapled dx theahaih pnieBnbBansgmh exfoumativhof anassoriatedraediele and
antenna i s tyned to ap Lmat el y. MHz. 15. The RFID
cofrates B TG PR RETR TEHET L D e ey
automati cally changes the resonant frequency of the
mai n ant enna upon application or renoval of a radio
1'% r eqaretlyodfqositising: t he RFID tag. 16. The RFID tag of

laiml1,. f h b Si R ' . ' '
ol ociine A UERERIP I S ARG oM AR PRE Y i an
askdtiREIREOIe AEqRAcBSBAci ated article and communi cates
the information to an RFID reader via the main

ant elynamiceily changingbg resoRpriEadaCY O dreampnEEIHAI n
antenna of a radio frequency identification (RFID) tag
at an associ ated resonate frequency; and dynamcally
18¢c hartiengethb® of elamn dNtwhedreiqdenayically thumgingithe sasbdemn frequency
18.. The_ met hod of . claim 17, erein dynamcally .
CORPEINE YoiPctitiely ceupRlineh caﬂvﬁ@aﬁ%%leefotﬁﬁm waw aplgnga s ylegpively

inérg%xbg'c{r Hch?as%ﬂR@fés&ﬁaYl? ﬁ@ﬁ%g%f bf 8 b} affBhkh, ANt €NNA t O

ctively increase or ease the resonant
frequency of the nmain antenna. 19. The nethod of claim
ses one of

18, erejn_t capaci tive elenment. c ri
19 apalecihod b latioT & gt theBRaliys deBishl SPuTRet R
caPicifol, @l dibde! andehBLiRodynam cal Iy changing the resonant
requency conprises selectively coupling an inductive

element to the main antenna to change the resonant

f requency, o e in ., antenna. 2 The nethod of cl.aim
20, § EIRAnRd of G B R R ARy S el fesSant b3 Bncy
coﬁ{p%ﬁé'seiéjfé(:ti%lmbﬁﬁﬁ% HEh@edtive @lonedPtitht RfirRarftérd®ilto change the

conductive trace of a first length or a second

respoadfitequeecyt ¢fgbemain anteméond | ength to the main
antenna to change the resonant frequency

21.  The method of claim 17, wherein dynamically changing the resonant frequency
comprises selectively coupling a first conductive trace of a first length or a second
conductive trace of a second length to the main antenna to change the resonant frequency

of the main antenna.

22.  The method of claim 17, further comprising:
sensing an amount of electromagnetic coupling between the RFID tag and a

neighboring RFID tag; and
dynamically changing the resonant frequency associated with the main antenna

based on the sensed amount of electromagnetic coupling.
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of the main antenna. 22. The nmethod of claim17,
further conprising: sensing an anount of
web@stiooragnet i ¢ coupl i ng between the RFID t agpe@ndSz05/005634
nei ghbori ng RFID tag; and dynam cally changing the
resonant frequency associated wth the main antenna
based on the sensed anount of el ectronagnetic
23X OUPTRANGe@R3d of BIinTRY NOKkkrGth 164 RFID dab in¥h&&sS §én§iﬁ? affeh® having a
tag i ncludes a sensing antenna having a resonan
re§onaguiemenely differest frofy theresheant dkegnensy apsosiptrshiwith the main

ssociated with the pmi ant en and dynami cal | .
aof iR il el e BRoRE) reafiticy SBBR S nbmyiqayy
cheh@ng ktdretdint REARAGY adsbElblee RGth tBE BRG Ait@thaWHER a drent induced
mai n_antenna when a current induced in a sensing

ingreeesinganivawerscads urihssldd dalval ue. 24. The net hod of
clai m 23, wherein the resonant frequency of the
sensing antenna is tuned to approximately 13.56

24regahies tetho ol ¢laimm d3 thigersiaSnasdnant BEQRACY obfhe lsbisinBamienna is
antenna is tuned to approximately 20 MHz. 25. The

: y .
tupgd tesaproriatalyn 3156 megaheryr Mtz apd eirespnantdrgiogeeyt ¢fdhe main
@g@% e - \ggs dynam cally changing the
m#%%%nan © #@%@gﬁ@%a%gngLe mai n ant enna upon :
application or renoval of a radio frequency field to

the RPID tag. .26, radi o frequen i dentification
25 RF T%e @9@9&# é@%f?s@?@@méﬁnﬁm@w ﬁhaélsmgg%? fegpnant frequency
isCEd i h Qed AbRGrMubioy St (RE Iaf £xt
CO \éirsesleny @Elé&:ﬁk? e%lr?%ré%tﬁll%on devi (r:eui ntyzérTr ogataes t?]nélalgll—gf)rtl)
appHcption oni¢raoval bfif cadim frequence akddbrlge REE tagt i cl e; and a
conmputing device to process the information retrieved
fromthe RFID interrogation device, wherein the RFID

26 ag AE‘é‘di&'ﬁ%éueic?%eﬁtiﬁ@étﬁﬁr(ﬂﬂgp%@teh?ccﬁnf)ﬂisﬁé%: resonant

frequency, an integrated circuit electrically coupled
to taneRIfkh) mtearpgetioradeviest st ores i nformati on of the

associ d articl and swi.tchij circuitr hat, .

ot ey Ll R brbiete SEg Mk g i bR b usies
inRRbeNBAtHe RIFD) ths to $tEiniLHANAMN eEAAHBARY aditlet Bl Mai N

antenna. 27. The system of claim 26, wherein the one

or rrovcEnmitiageavise fnprogese sheinbupatipn rejgeved from the RFID
interrogation device,
wherein the RFID tag includes a main antenna tuned to a first resonant frequency,
an integrated circuit electrically coupled to the main antenna that stores information of the
associated article, and switching circuitry that selectively couples one or more elements to

the main antenna to adjust the resonant frequency of the main antenna.

27.  The system of claim 26, wherein the one or more elements includes a capacitive
element, and the switching circuitry selectively couples the capacitive element to the main

antenna.

28.  The system of claim 27, wherein the switching circuitry selectively couples the

capacitive element in parallel with the main antenna to reduce the resonant frequency of

the main antenna.
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el ement, and the switching circuitry selectively

coupl es the capacitive elenent to the main antenna.
wQ@00s/ih2syst em of claim 27, wherein the sw t chCTgS2005/005634

circuitry selectively couples the capacitive el ement

in parallel with the main antenna to reduce the

resonant frequency of the main antenna.29. The system

of claim 27, wherein the capacitive el ement conprises

one of a capacitor, a diode, and a transistor. 30. The
2%yst €he syfstent af w2627, Wwhterein the dapacitiee elemantr @nglrsaeomesof a

includea.gné%gd%ctiye el ement, and the sw tching
cappeitqli ¢ PdeAnd A aREISOTc oupl es the i nductive el enent to

the main antenna. 31. The system of claim 26, wherein

the one or nore elenents includes a first conductive
3Q.r ac€hos$ystent pf daim 2h grherein thesonsean omte elsnotstingladesrancaductive

of second Lenath, and the.sw tching, circuitr .
cIgr R FOBF yWEEHRE o RHE stRTLE anlr e lndrtisestgpert g the main
ai@Gand conductive trace to the nain antenna. 32. The

system of claim 26, wherein the switching circuitry

conprises one of a mcroel ectromechani cal system

5By SO 2 ORI R D e R0 6

céndnsteveathca P b first ¢éngth el 4 preadedrducivipddedd aweddhddength, and the
nei ghbaoring RFID tag, wherein the switching circuit )
sveitqhang Gty sedrepively conplenihe fiust copductivp dnghipisthe seqopd conductive

U%%%Qﬂﬁﬂh%ﬁ%ﬁFgﬁged on the sensed anpunt of

ectronagneti c coupling to selectively increase or
decrease the resonant frequency of the main antenna.

34. The system.of aim 33,. wherein the. sensin
217 e sselsibr] e %3@%@1& pesiching YTHEY g 2
m;c?ééié@fb&nefchsﬁ%q ?géferﬁ'(ME@MS)"éwiHh%FaQ%gEdiﬁ% swihonant

requency, an e swtchinhg circuitry selectively
coupl es the one or nore elenents to the nmain antenna
en_the current, in the sensor. .antenna excee
aing ,

ik qs 2 £
33 hr eShoigiepmplde T SOUPHIE £ SPRSIRG Y EALL 1 jgsgip amount o
elL BRI EENERDLIRE WM & AN HRRRE RITD g, tiRREh BleQfwitchaly circuit

turns on when the current in the sensing antenna
setectivelsouples thiaoas homdre/elements & thEhenin guternn besed pathe sensed

o PR S D SR Pl TR 36
fréRRhéZ6F the Wl Af6nMAI vi der to regulate the threshol d

34,  The system of claim 33, wherein the sensing circuit comprises a sensing antenna
tuned to a second resonant frequency different from the first resonant frequency, and the
switching circuitry selectively couples the one or more elements to the main antenna when

the current in the sensor antenna exceeds a threshold value.

35.  The system of claim 34, wherein the switching circuitry comprises a transistor that

turns on when the current in the sensing antenna exceeds the threshold value.
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val ue at which the transistor turns on. 37. The system
of claim 33, wherein the nmain antenna and the sensing
wandisnom2ar e copl anar. 38. The system of cl ai nP@BUS2005/005634
wherein the sensing antenna is tuned to approxi mately
13. 56 nmegahertz (MHz) and the main antenna is tuned to
approximately 20 MHz. 39. The system of claim 26,
sher eid kg, SPUdieM ekt H‘ﬁ:tsWtcﬁHfg%ﬁft e CRANIREs a first
the resonant frequericy of1 the mal nTant enna upon
resipol bhd seond resistorovahgaf toacal e iaorol tagydieitiey tdf deglildtetthe threshold

vathg]eeat %&ll:hllc% tth%%r'ansistor turns on.

37. The system of claim 33, wherein the main antenna and the sensing antenna are
coplanar.
38.  The system of claim 33, wherein the sensing antenna is tuned to approximately

13.56 megahertz (MHz) and the main antenna is tuned to approximately 20 MHz.
39.  The system of claim 26, wherein the switching circuitry automatically changes the

resonant frequency of the main antenna upon application or removal of a radio frequency

field to the RFID tag.
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