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| DENTI.FI CATI ON (RFI D) TAGS TECHNI CAL FI ELD [0001] The invention relates to
radi o fragoemsyoedodentificati on (RFID) systens for articher/usrmsgessnt and,
nore specifically, to RFID tags. BACKGROUND [0002] Radi o-Frequency
Identification (RFID) technol ogy has becone widely used in virtually every
i ndustry, including transportation, manufacturing, waste managenent, postal
tracking, airline baggage reconciliation, and highway toll managenent. A
typical RFID systemincludes a plurality of RFID tags, at |east one RFID
reader or detection system having an antenna for communication with the

RFI D tags, and a conputing device to control the RFID reader. The RFID

reader i ncl udeSARIABEN FREQEENCYRADH) FREWVENC YADENTIFACATHON(REIDON to the
tags, and a receiver to receive identitga@nd other information fromthe
tags. The conputing device processes the information obtained by the RFID
reader. [0003] In general, the information received froman RFID tag is
specific to the particular appli dHGENCAHaFIEBERPen provi des an

identificati S i : 1S pqg;q@ ; Mearticles
i ncl ude manu ag{tlﬁf;hggﬁl‘{e? géri@%é%‘ﬁ?@f%‘é@?éér?iﬁgrr%%azmlfcl) [ n()jiS3\(/3i@(Jflllttjsg}gJ s#ﬁ%?

virtual | y ansagpgement aadhgidy soceificallyl o RBdegsi onal i nformati on may al so be
provided for the article- The tag may be used during a manufacturing
process, for exanple, to indicate a paint color of an autonobile chassis

during manufacturing or other usefu# {: Sﬁ*jgon. [0004] The transmtter of
the RFID reader outputs RF signals A antenna to create an
el ectromagnetic field that enables the tags to return an RE signal carrying

the i nf or mat%0®H RafisFrequsnenidentaficationd &I Eechyplogy hasheeome idehigisagd ive t he
ahtenna wit hvﬁuﬂm@&wm@uﬁsﬁcm&gs&aag}?ﬁ%ﬁw%ﬁlfa&ﬁg%ge nfh&erdedg MRY be an

“active" tag that incCludes an internal power source, or a "passive" tag
that is enerpsiabtadkyng siding beggsse reeencdiptipn and bighmatoflaesegemait ehfimicalonce |

VO 2005/ 1040%16351{615{%%8\9&% Q%@eﬁﬁy of RFID tags, at least one RFID reader or detection
system having an antenna for communication with the RFID tags, and a computing device
to control the RFID reader. The RFID reader includes a transmitter that may provide
energy or information to the tags, and a receiver to receive identity and other information
from the tags. The computing device processes the information obtained by the RFID
reader.

[0003] In general, the information received from an RFID tag is specific to the particular
application, but often provides 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 article. Additional information may also be provided for the
article. The tag may be used during 2 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 retun an RF¥ signal camrying the
information. The transmitter makes use of an amplifier to drive the antenna with a
modulated output signal.

j0005] 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



energi zed, the tags communi cate using a pre-defined protocol, allow ng the
RFID reader to receive information fromone or nore tags. The conputi ng
devi ce sghv@snafzan | nformati on managenent system by pegesiosanstde
information fromthe RFID reader and perform ng sone action, such as

updati ng a database. In addition, the conputing device nay serve as a
mechani sm for programm ng data into the tags via the transmtter. SUMVARY

[ 0006] | enegginat, die tagmﬁrmnﬂmjeqaasiag aipdedefifddgaotoont, (IRFYIDY thealyELAreaderdecr i bed
t hat autorratt aII g narri cal | vaf t hei r. resanant fre uency to reduce
or el | m Fraride HermabisRdra Bpe gt et Ty CollEREGRAET ©7 e Ho- t ag”

coupl i ngmf&rﬁxa%fr?nﬁagéﬁém E’Fs'?élﬁ by rbRivifl BeaRfePmhesn'Ren thORFED iddkesmd S
limted, and nultiplée artitles nay be Sinultaneously present within the

el ectr onp&g‘fmnnmg $cined attionouhals adumatmga dra@éﬁdm Iarad@lﬁna, thasomputang davice

el ectromagnetic coupg 3@ may occur. ﬁ he RFI E tags attached
to the ¥ SV ES a R Ranistp o ragTpmmyng ?tPtmtSﬁ tﬁgs}”&é IS S uency of sone
of the tags. This shift in resonance frequency may conpronise the ability
of the RFID tags to communicate with the RFID reader. [0007] The techni ques
descri bed herein automatically conSEMMARYor variations in resonance.
frequency that may occur due to tag-to-tag coupling by changing the resonant
frequencgooats] B qlra hediRie Quérﬁ? DR GRS s ard deggritedaquatener gy. I n this
manner techniques may allfTow the RFID tag to maintain effective RFID
comuni cattpwakicadlyend dyhanicetkpeary ¢hedt regorsnbFequentyto redace: a-cliynate the

el ectroma net i.Nn0 0 odi nent,. an RFI

conpri seg tf?gfeﬁc Bt?‘}ﬁq Kl“ﬁﬁ@au% taﬁzé(}ﬁgstcopé%nﬁ:ﬂtso?lfagaﬂéwn% SWI t chi ng
Ci rcui tr¥isiahed bedwBaihe attlctesGHARGILS, z{nlﬂ%lﬁlﬁﬁﬁ"b?ﬁﬁles hhPHYSinaNtaREodse main
antenna. [0009] In another enbodiment, a nethod conprises operating a main

ant enna pesent wathirothe fetestyamagnetic disht prioilueed yrthe¢ RaHE) amqglaaﬁsairreaék oci at ed
resonate fre uenc nani ca chan onant eguency of the
mai n ant SREE™S ]Cquﬂ%d?’ﬁ%f’ccé’%{?gdveﬁ@g?mggwﬁ &t L B‘Eﬂtﬁﬂp%es an RFID
i nt errogaticRy xﬂlﬁ&h gults A Rifk BY ihdFeRRIRGH e@;g&@bwftsbmarafafetmgd erhiy4afghn the

I nterrogation device i nt errogates t he to obtain information
r egar di nigsetacafrequeney may ¢ompomnise thernpilie of the REﬂDptags:@wmmumcate with

the RFID reader.

[0007] The techniques described herein automatically compensate for variations in

resonance. frequency that may occur due to tag-to-tag coupling by changing the resonant
frequency at which the RFID tag backscatters radio frequency energy. In this manner, the
techniques may allow the RFID tag to maintain effective RFID communications even
when experiencing substantial tag-to-tag electrornagnetic coupling.

[0008] In one embodiment, an RFID tag comprises a main antenna tuned to a first Yo
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 ancther 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

2



the information retrieved fromthe RFID interrogation device. The RFID tag
includes a  main antenna tuned to a first resonant frequency, an integrated
circuit aygchdsiiefhby coupled 2 WD 2005/104022 PCT/ U5200b1Q826@340sst t he

mai n antenna that stores information of the associated article, and
switching circuitry that selectively couples one or nore elenents to the
mai n antenna to adjust the resonant frequency of the main antenna. [0011]
The det ai tosthofnagmantennartbatstaabindommatios obthetdseodizigdaticlonand $ikding orth in the

acconpanyi.ng.draw n and the, description below ,.,& her f e jects,
and ngdvgéﬁ%été%% Se?%éwlcﬁ'\/cé’ﬁﬂeg ﬁrslﬁﬂl &‘O%eeq%ra B \é\érﬁhefnrlad%a?ﬁgﬁagtgs%msgﬁeon an
draw ngs,reg&ganiﬁg@ent: of fHeahith anBRhEF DESCRI PTI ON OF DRAW NGS [0012] FIG 1

is a block diagramillustrating an RFID tag that automatically and

dynani cal [0p13hThedetailsofr esomamire fmbgdisrenys efdhe bxvgpieomare gblifpithan det he
potential effects of, t.ag-to-taq coupling. [ 3], FlG .L§ a gircuit

di agram i ?‘fcﬁg%pf%lpﬁar@ﬁagse&@rfb? g?%@@ﬁ%‘bﬁ%ﬁ%’ngﬁﬁ?g fopmEs ‘%’Jf’iﬁ_angapabl e of
dynani cal by adlgtsé M8 idvesiti e VANB hpat@l deREthe deQPifbn ah&dradihss, and GaMAL I C
diagramillustrating anot her enbod? ment of an RFID tag capable of

dynami cal the chdinasting its resonant frequency. [0015] FIG 4 is a flow

diagramillustrating exenplary operation of an RFID tag, such as the RFID
tag of FIG 2, that auto-tunes its resonant frequency to conpensate for

coupling with neighbori ngrirgDESCREFTIONGF PRAWANEPW di agram
illustrating exenplary operation of an RFID tag, such as the RFID tag of

FIG 3, i i | udes,a.capaci t.i,v MW tc dvnam cal | ange its

r esonant mﬂ"@gbgﬂ@ 15 3%‘1% lggrgn 1gu§etga§1§g1apgﬁﬁt[@i tﬁ%ﬂﬁima?tpméfaﬁj&t g exenpl ary
operatio ndﬁianﬁealﬁﬁteﬁaeh a8 resohiAi fRGuerdch@o Ridub: baditinafel the ptentidlieglcts B¢l udes a
MEMS switch to dynam cally change its resonant frequency. [0018] FIG 7 is

a bl ock diagdp4das ¢ouplisgr ati ng an exenplary RFID systemthat may utilize RFID
tags capaflyqsPhie/d ¥aGehll Bderds SRRAMngd SEMERSHSS chdofithnf SFIMRERS LN 1 1

capable of dynamically adjusting its resonant frequency.

[0014] FIG. 3 is a schematic diagram iflustrating another embodiment of an RFID tag

capable of dynamically adjusting its resonant frequency.

[0015] FIG. 4 is a flow diagram illustrating exemplary operation of an RFID tag, such as

the RFID tag of FIG. 2, that auto-tunes its resonant frequency to compensate for coupling

with neighboring tags.

[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 1s 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.



environments wherein tag-to-tag coupling may occur. 3 WD 2005/104022

PCT/ US2005/ 005634 DETAI LED DESCRI PTI ON [0019] In conventi onal ‘ -

radi o- f r egieReIdsgant i fication (RFID) systens, RFID tagscikodshbsiaiere with
one anot her when the RFID tags are placed in close proximty to one

another. It has been determ ned that el ectromagnetic coupling between such
tags may result in a shift of the resonant frequencies of the tags. This
shifted resonant frequency nmDETWRILEDOESERIPTIONN one of the RFID tags
with a sufficient induced current to power the tag, thereby causing the
RFID tag gﬁm I Hénvehtibhke rABs-Beh @i ¢ idenB BRI RFIDY Sys&imd, REFIDitidsahapgat i on
device. [0020] In general, the rmagnitude of the resulting frequency shift is
dependent iniprfere twith ongi aspther whiye thaddriDt tags REphced ifscloseproxinigy efonehe t ags,

th t I ' t hat t th dth
toral munderir 1 AGERER A epYERs LT et e e e dre e el eeh P B equency
shift due résﬁ}triﬁg shif dfdle RGPt fOqiRNBIcS DOMR u!l%z. T hittedRSSNt %@ﬂ:n?}" tiple

tags where placed within a fixed proximty of each other in an overlapping
posi ti on. may ribaptoyide, a giversondef the REHD tags witea suffjcieBt indutddecuwient th pofver he t ag,
N is the nunmber of overl appi tags, Xis e di st ance between consecutive
tags,  and e w8 by SR REM e b ob B8 Bt P R et e RBEn t he
exenpl ary jreassigHBBtiee Shown in Table | are downward frequency shifts, the

frequency shifts caused by tag coupling nmay al so be upward frequency
shifts. A§0028h b germesnthe muagnifedd ef the reshiting fieqaenuytshift selgpéndegt minvtben t en

over | appi ta can shi the frequen at ich the ta respand .
opor oxr m(4pCS betiagn DiGTRETD (s, hEth ol the aehelip RGPS 9 ORBA RETARRIBE ¢ o

successfu [alary T Mey-1s 4 WalaF suse read
range. TAEHEOI ABNX Iﬁzle\‘ﬁ(l Sh?:nr?edg;été(tiﬁ%?ﬁ%%)& o?ilaggkﬁgg)ﬁ%(}%ﬁ}z’)go 2 3 Efptﬁy 13. 56

2 3 2 . 75nk3siemgnt8 of frequehcy 6hif due to tag-to-tag coupling are shown in Table 1 below

when multiple tags where placed within a fixed proximity qf each other in an overlapping
position. In Table 1, A is the height of the tag, B is the width of the tag, N is the number of
overlapping tags, X is the distance between consecutive tags, and F is the resultant
resonant frequency of the tag. Although the exemplary measurements shown in Table 1
are downward frequency shifts, the frequency shifts caused by tag coupling may also be
upward frequency shifts. As can be seen from Table 1, electromagnetic coupling between
ten overlapping tags can shift the frequency at which the tags respond approximately 2
MHz, which may result in the inability for the reader to successfully communicate with

the tags, or significantly reduce the read range.

TABLE 1 s
A B N X F
{(Inches) (Inches) (Inches) (MHz)
2 3 1 — 13.56
2 3 2 75 13.2
2 3 10 75 10.5
5 L5 1 - 13.56
5 1.5 2 375 134
5 1.5 10 375 10.6




.51.51 --- 13.56 .5 1.52 .37513.4 .5 1.5 10 .375 10.6 4 WO 2005/ 104022
PCT/ US2005/ 005634 [0021] FIG 1 is a block diagramillustrating an RFID tag

12 that a%ﬁ%ﬁyﬁ%ﬁy and dynami cally varies its resonapicrfus2eis®osssst o
reduce or imnate the potential effects of tag-to-tag coupling. In

particular, RFID tag 12 dynamcally changes its resonant frequency to
function in environnents in which there is tag-to-tag coupling as well as
envi r onmen{8023A &16. his 4 bigek diagrgn dbwiphtingroREWD t1g 12rthatt dveomatiseld andvF| D tag

12 t omat,j cal | tes for shift
occu?“dﬁ?@ésﬁa M RS g Rttt o B b AL ete MR e e ofor Re D
-tag 12 so % fg%H{I i '%bmﬁura&qmnj ayeb dyﬁm‘n[b@ﬂ?%ﬂaﬁ(gés ROYRGndR! D tag 12,

t her eby nai ain ective RFID commruni Cations In the
i |1 ustr at edregutyagi tnﬁmctlon iFergirohmeRts| iD whach there m@ag:@et@g&omdlng agviediesa 14

-t hat | ect | | led t t ed t t f dt
b an © REl Breppent! BRSPS 15 SN FAC P 8 Lnency
whi ch may  Bgyonlficaly SoRpisatth fdi‘%hlffshﬁres@i?ﬁfc@tffeﬂﬁeﬁd%ﬂéﬁﬁ@’o&& keroREd B

system a lower frequency than the operating frequéncy, ‘“or a frequency
hi gher t harag tplipg bgchangidg éqm&mwtcffequﬁmyRﬁ“IHFIﬂnsgéﬁ\solthﬂtegnﬁtcmmC| rcuit

16 often includes internal o for storin nfor i on
"ol at ed 't o COREN 174 FdUoed (PR RETD et ftsty T <Rute Sfi60se
operati on, B0k a 14 receives RF energy froma source, and
backscatters %f: enlgirwy in a manner well known in the art. It is this

backscat t ef@a22RAn ﬂnuaﬂggtrﬁtdnh&mbqnhmentka“ﬂé} $) RRHD tdgyl Anclodessmmaintantanngddor ,

such as an RFIL.D read or tecti.on system bt ai ns_.i nf.or mat i rom FID
tag 12 and, tﬁe 4ot eleprHf eeg oaa%asfaéﬁ C&PPﬁtég’eOf\‘iﬁntrﬁ fepierdnas 39 115 i s

associ at ed \fiElbkeh@f 141 RS 0PI ANARIG, Sothitd iy B toPBlani gﬁﬁ&ftﬁél ly

changes th regquency at 14 resonates I n
conpensat e dperating iftegency 0§ therREm systalﬂua lpwelt freqehcy @so i opegatingdpgaenyy, of

(et a0 has been varlicd e 1R, b gl oaLag CoUPLLRG QUL ng Sl FU LY 1

capaci tive 1@fofleRAqhGhde Eneial BR iy b SRRV 36 HStind thibf¥ation related to the
article to which RFID tag 12 is affixed.
[0023] In operation, main antenna 14 receives RF energy from a source, and backscatters
RF energy in a manner well known in the art. It is this backscattered RF energy that
provides a signal by which an interrogator, such as an RFID reader or detection system,
obtaiﬁs information from RFID tag 12 and, more particularly, about an article with which
RFID tag 12 is associated. RFID tag 12 includes switching circuitry 18 that automatically
changes the frequency at which main antenna 14 resonates in order to compensate for
situations in which the pertinent resonating frequency of the tag has been varied due to
tag-to-tag coupling. Switching circuitry 18 may, for example, selectively switch in and
out circuit elements, such as capacitive or inductive elements, thereby adjusting the
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



resonant frequency of main antenna 14 to alternate between two or nore
resonant frequencies. For exanple, nmain antenna 14 may be initially tuned

to a freqygngesolat 1s higher than the operating frequeagnsefos@osssy roundi ng
RFID systemin order to conpensate for situations where tag-to-tag coupling

occurs. In sone instances tag-to-tag coupling, therefore, reduces the
pertinent resonance frequency of main antenna 14, causing main antenna 14
t 0 i nduceekenfeht i prindllet withendin totepoankgt toREH B et the fre@uenvih ehwhishimeajn enfead ng or

interf [ t ' hi ' it 18 ti I i tch
capac 1 v EErBh SRR ToR3AE PerrCstusr bl LR e 3 I i t 1 i
ant enna 1§u&&ﬂdﬁ%‘k§:§tehbesﬁb%€@iéﬁﬂ¥,ﬁf Blo-WhA £ Eouphind i%&'ﬂﬂ%wﬁl—:ﬁin@%ﬁ@ﬁl@@e@ t hus

reduci ng the pertinent resonant trequency to'the frequency of 'the
sur r oundi mpysystck ot Balosgrgitevstalymeritf thusiringing thg peginsnf regotant fequeagy of

switching circuitr 8 . na i tch out, the capacity el enent, thus bringin
t\rI1Me pe?t?ﬁéﬁlﬁ‘i a:%tégr@%]éﬁ?ac}{pgéﬂ{z}\#&pc{;}pngﬁ@ﬂﬁe@m@ﬂwﬁﬁf %&eﬁn‘up. to tﬁe norne
oper at i ng (22942 Me ShbbdigeRl! HvitoSiLRcuiBP P& Inal AdReBe e&?g&umhamy of

switching circuitry 18 nmay adjust the resonant frequency mai'n antenna 14
when RF| Ditadgardt@niiasl ddehenRFED agd? ik de-energired, iraiwheanhannatedda i4isme | onger
inan RF field, | er words, swtching circui 18 .y ,adj ust .t he
resonatin ngF‘?‘é‘c?&’&?’ﬁfL’g@f Ingfher &’ﬁf‘gnﬁ‘é{‘t%ﬁgﬁ Blfcué%lig é&)@@l‘iﬁﬁth& Ogaling,

exanpl e, $MLAGRYRE nbid SHbdday14 58 QARRYEE ALY e 2¥FIE Rvildhia inghe or
nore ci rcul}%l ger{agrrgﬁt% %%{%I%luse ngﬁ%gﬁ{égnggy 14 toe@gﬁonaté at ggﬁﬁlr t

f r equency 18 mayrtamdticaly swoviein erput yod er ot cres elenebnfsrtogawseayain dotenng a

second power-up cycle._In_this enbodingnt, RFID tag 12 may n need a
Techani omif 69 FHRR i ¢ ERIRIHEARY FUSUHARI PUGTEREY T SHbECOBMIPRFEY or RFI D

tag 12. Qi BadokE bhwerlth bR "G s GiblobiiHert SRPIY 1aBU0QHRY hiFba 20 USt. ¢ he

resonant fredquency o antenna 14 during a single power-up cycle. In
t hi s enbodieckatism RorrdeRindming ¥ hidetsmannzsuehet isenostraptomamt fenREID tag k2.
resonati n%tlat an

appropriate frequency and adjusis the resopant freguency

of main amlEMELVEY: %@ﬂ%?@ﬂlﬂ%ﬁog&@% R P R TOMepoer RFI D
E: ?? c lluzt r 59{%)30 télglsa S%%sr e g?%gﬁgﬁgﬁéiﬁrﬁ?:%}é 1?% rtﬁ% s Wﬁin@’mlﬁgggﬁ et her
swi t chi ngdetermoines wheth8r mhinuantennh d4 dgeresarating esanaprofriaggirepepcyindwaljmstant enna
14, In ot t %rreggl%jtsfrcqrﬁaehcny o ].‘E’laei?l g%tc]ﬁﬁa IIE when ﬂlefigtrluced voltage is insufficient to

power RFID tag 12.

[0025] In some embodiments, RFID tag 12 may include sensing circuitry, such as a

sensing antenna 20, for use in determining whether switching circuitry 18 should change

the resonant frequency of main antenna 14. In other words, main antenna 14 is used for

RFID communications, while sensing antenna 20 is used to determine whether switching { 53

circuitry 18 should change the resonant frequency of main antenna 14. Switching circuitry

18 automatically adjusts the resonant frequency of main antenna 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.



RFI D communi cations, while sensing antenna 20 is used to determ ne whet her
swtching circuitry 18 should change the resonant frequency of main antenna
14. Swit cRig9odsihsitry 18 automatical ly adjusts the regonastoobhesgaency of
mai n antenna 14 based on which of main antenna 14 and sensing antenna 20 is
operating at a nore optinum frequency, i.e., closer to the system
frequency. In this manner, sensing antenna 20 nmay be viewed as determ ning
or sensi ng[00361 Fer exangple sessingpaptennatZdymenbpiinad to dadpemating feaeeney oftha ry 18

essenti al | justs the resonant .frequenc f i n_antenna .14 n
whet her t a§* J—W%ﬁm’ %UéﬁB?’i“r?&?ana &éfléag’t%eegflx?ﬁé’ PSSO WERY ¢ ﬁ'et%r%m%%graglﬁtgenna
-to induce ﬁH&jﬁe%E}r of tHefREIEHstelr? ImRAVIRFITNysient %hlaﬂog tifg Fregutrcy ofensi ng

antenna 20 nmay be small relative to main antenna 14, and need not
necessar i | gpirexisptsly dB SOtz sfor expraple pensing REEma 2ymep be twedfto 6 WO

-2005/ 104022 PCT/ US20Q5/ 4 0026], For. exanpl nsi ng_.ant en may be
Cuned Lo ¢ ARPPORERET g Pratiend o mns KDy By Boel i SmioraR A0 Mita 1a
may be tun@ﬂnk%ué’ntfyr, SEHABNCH1dHNA PO indR8 s tthiBieAPAIrRI Wlen:f(1 FREENEA; B ist he RFID
system In an RFID’systemw th an operating frequency of " approxi mately

13. 56 MHz, plaoed mxerRF ficldsbarss appranineaieliy tiROsameyfrdsmeneinasdhe bined prsqusticyetfel y
13.56 MHz and mai n ant enna .may.. he tuned to approxi matel 0 L
Consequent 1 CBUHE PGS P B S PR T EALRBTE SPASInERE D
tag 12 is pleacedelthe %hsﬂf;g drkind 14 fRkatiny REPIAKE SRidH Yrefiic§ 2 Thislihgsisancy as
the tuned frequency of the sensing antenna, and (2) insufficient tag-to-tag
coupl i ng i sumenpenusenswitching tinenigy A§itmgwiteing eapaaitive ekemephin mealksl mgthamgianna i s
operating near to the system re%uen . This induced . current c {rs&ﬂs .
owi t ohi ng EMERRR {4 JeSpiEdn &ipqychion it Jesonpid RERa, Rf TR SAIEAY - 10 ¥ i n
antenna 14m,,heSUlHeirBGnhf @eqruﬁﬂéi%f‘ RAnlaBiehif 14 ?ssﬁ'&ﬁﬂ&tic]‘:al"lﬁ PHEREY 8 AR N

antenna 14. In fthis manner, the resonant frequency of main antenna 14 is
aut onat i caldiyallhogtefreqhehcytn the speranng fraguenicy bf fhesgmemwing BFiheystger at i ng

frequency surroundi ng RFI.D system n other tags.are in

ol ose pr o FiA2r] Sierigehis Fengta 5l clore PR hHPATHEY 128 12 RBURE M 201 11 of ent
tag-to-tag eﬁﬁé&‘i@h&é&%uffﬂ:iélﬁ @ligcﬁ)-thé Soufimeg REdubE REHRBRIN %hﬁ’éﬁcﬁz hRlovPRRN at i ng
frequency of the RFID system AS a result, the current i'nduced by sensing

ant enna 20 operating fequency hithd REIReystehr eshotadpltahesimept sducedhbn gpnsingc uitry 18
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the capacitive element from main antenna 14, or if RFID tag 12 is not in the state with the

capacitive element switched in, then switching circuitry 18 does not act. The increase in
resonant frequency of main antenna 14 caused by switching out the capacitive element,
however, is reduced to the operating frequency of the RFID system due to the tag-to-tag

{ coupling. In this manner, RFID tag 12 automatically adjusts the resonant frequency of
main antenna 14, and achieves communication regardless of whether other RFID tags are
present and cause tag-to-tag coupling.
[0028] Although RFID tag 12 of FIG. 1 includes only 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



capacitive elenment switched in, then switching circuitry 18 does not act.
The increase in resonant frequency of main antenna 14 caused by sw tching
out the [y el ement, however, is reduced to thp-pRRERELEEsS r equency
of the ﬁgf}%agsi/ﬁs)%o\eé% due to the tag-to-tag coupling. In this manner, RFID tag
12 automatically adjusts the resonant frequency of nmain antenna 14, and
achi eves conmmuni cation regardl ess of whether other RFID tags are present
and caus®etutifizédrotingesseouid gragulafi@0R8¢hibh swackihg Bty d§ akCounits fob Gg-tb-
includes only a sialglfgl e sensing antenna, RFID tag 12 %[bncl ude nultiple
sensi ng & €NRHEE andcontghepaigagiennd fit {O R oRpte i T et the REFIDSYIEF™ o provi de
RFID tag ] apability to resonate at two or nore frequencies. For
exanpl e, Oé%laﬁh%gge&@c?fay i nclude two sensing antennas tuned to different

f r equencifef29] HIG. 2 hi scisvuitaliigremtillussmatihg bhergreniplanyi coabodiBerspt an RADyagw t ches
in and out nultiple circuit  conponents tq adjust tg‘g, esonant frequency of
mai n ant edrapable of ¢ayappcally|adisiing tRmsenant §r§q11@zw¥oh} dﬁ%&t@t erg ent,

di fferent ' ale] : [ ' . he
sensi ng SRR 2 Hl el SRR R R A SRR SR 18 P e

may 7 WO SZfHhinkx40ailryPIBTdeldoh 0615 50034 dagaditivd élzment 23 inrntd @as of pdallel
granularity by which swtchi n? Ci rcuitré 18 accounts for tag-to- tag
coupl i ng caPRECHOM Pt BaiRaRtsnem I binrrderso chaggsdbe Easanant frsgusnsy of prin RAI | )

system ' [ 02 ' FFEH ' ustratin
o%e exerrp%ﬁt%%ﬂ;i/Igl %%o‘&lﬁ%#g ﬂ%*’oré#q&ﬁgcg Jé@ng%&ﬁ% 8%§g e o?"tgég?\%?ﬁrd?g}c?dysg adj usti ng
I ts resopantimityetvpatyulal, Bwitbifing birtifitcy a8 edhitehdsa@dpacttive elemEhi24tia® ahd i ncl udes
a main antenna 14, a sensing antenna 20, and switching circuitry 18.

Swi t chi n§ukekRazallel gonmgcuen with main gntepna Kasedior ths-mnquny ef euresmginduged i n and
out of tion with main antenna 14 in order to change the
resonan?%’r%é%sﬁ%%n&%%i n antenna 14 to conpensate for tag-to-tgg coupling
Wi t h ot h¢e0IBIFIAD 4 reslt, lswitaliifg cirtuitly A8 @nayicoviewed ¥s dynamiedllyl codiralling s\ t chi ng
circuitry 18 switches capacitive elenent 24 into and out of_ parallel
connect i SFFORATATERHENCY O waai anteunapldshased ppannihether sePsiBg artgriacH ii nduced by
sensin ] r ] ' | ' . e viewed
as dyngm%gérﬁgﬂ %%agg }#e{)ﬁ(}?%ﬁlgoﬁaetﬂlgr@g%%cﬁt&m&eg ér%%ggé(%acfrégﬁﬁyogﬁﬁ er%%é 4 based
upon whetflzquerRgine fgtaghbdeay@uplng.Sn other words, switching circuitry 18 determines

which of main antenna 14 and sensing antenna 20 is operating at the most optimum
frequency, Le., a frequency closest to the operating frequency of the RFID system, and
switches in and out capacitive element 24 in accordance with the determination.

[0031] As shown in FIG. 2, main antenna 14 is represented as a capacitive element 26 and
an inductive element 28. For example, capacitive element 26 may represent the
capacitance of an integrated circuit (not shown) that is electrically coupled to main
antenna 14 as well as the capacitive characteristics of conductive traces fabricated to form
main antenna 14. Inductive element 28 may represent the inductance of the conductive
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



operating near the systemoperating frequency or has experienced a reduction
i n resonant .frequency due to tag-to-tag coupling. In other words, swtching
circuitry ¥ & Rtigshnes which of main antenna 14 and sepgirig@afewta 20 is
operating at the nost optinmum frequency, i.e., a frequency closest to the
operating frequency of the RFID system and sw tches in and out capacitive
el ement 24 in accordance with the determ nation. [0031] As shown in FIG 2,
mai n ant ennﬁcﬂi&yils N&ﬂmgséiwﬁckd 3&$oatroiapkw(xiwit0h'mgejfe:mmu®6ﬂmt 2dnnandioat i ve
el enent 28. fFor ng aC|I ﬁgent 26 may represent the

capaci t anc&f Bfralk CO eé’§?ﬂ t shown) that is electrically
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conductive traces fabricated to form nain antenna 14. |nductive el enent 28
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[0032] Switching circuitry 18 inciudes a diode 34, resistors 36A and 36B
arranged t acrosy yoltage vlo»hdlag’j&é dinchdedir@8ly mopaortingil $¢ the ctfreanddwa ac s¢nsing

elenent 24. Do ma.lnt s the. . volta resulting fromthe currents
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di vi der 38 t [ hing 8
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the swi tchﬁhglentZQWmandtdcﬁeateﬂerrent 24 in and out of parallel connection
with main a 1 0033 i stors 6Aand vol t age di vider 38 can
be! sel ect egﬁz”&lilg&?ﬁ‘féﬁg% 31]1}2%3[@ lséia%ﬂl”&ﬁnﬁ%}fi‘gﬁ%rw Turns on. For
exanpl e, wagn.b oﬁ%%h%&?s“;ﬁt% %F;éin'iér%ga%m ?ag'Z@r Pecﬁb@@u&é’iﬁ’s ARSI stance

of resistor 36B, transistor turmon wth™nore Tnduced current from
sensi ng antmiwed mnamsanttaﬂaﬂﬂlaediscnsn@rwtesmmmAWhm thoneightiariag thgs arbéarvol t age

across volta di vi der s, direct| r opor nal to the current
e ced. | ncasied st o BRI 5 madinerEEn b ARaconphae prouls SNCGHTRh 1 hat
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14 when acti vat ed, sw t ches out apaC| tive elenment 24 when deacti vat ed.
[ 0034] Speco fhedadt Itl;a,t swmmg aftiat?2dgs Ahed $o hleapediting ﬁaqumy t)f tleRFIP gystemyhen
an

i.e., the frequency at which the interrogation device emits RF energy. The high current in
sensing antenna 20 will raise the voltage across voltage divider 38 high enough to tum
transistor 40 on, thereby switching capacitive element 24 into paralle! connection with
main antenna 14. In this manner, transistor 40 acts as a switch that is activated when the
voltage of voltage divider 38 rises above a controlled threshold set point. Placing

( capacitive element 24 in parallel with capacitive element 26 reduces the resonant
frequency of main antenna 14, e.g., from 20 MHz down to 13.56 MHz, based on the
amount of capacitance of capacitive element 24. Capacitive element 24 may comprise any
component with a storage capacitance, such as a capacitor, a diode, a transistor 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



Interrogation device is attenpting to interrogate RFID tag 22, respective
currents are induced in nmain antenna 14 and sensing antenna 20. Wen the
nei ghboriwg Hadidhe far enough apart from RFID tag 22pphals:éndmtdshi ci ent
tag-to-tag coupling occurs, the current induced in sensing antenna 20 is
stronger than the current induced In main antenna 14 due to the fact that
sensing antenna 20 is tuned to the operating frequency of the RFID system
i.e., thevbhaguiivdyr 38 toshall bhlowhthe itln’eﬂmﬂcbgsapbimm Ubsrefore, gransistorRFO @ner gy. The
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this manner, transistor 40 acts as a switch that is activated when the
vol t age offrcqodcﬂcag)é nehiitv amtenn 238} such et aiwvmtanmolrﬂtlsopm@ﬂng hearsheolreliusaey aloi nt .
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capaci t ancecursuch as a capacitor, a diode, a transistor and the |ike.

[ 0035] Howeve whe hborin S, .ar. cl ose |mty to RFID
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ant enna 14requ¢dc1dse Foesxamnaile ngg 22 myﬁmcéuﬂﬂdiouysemlsmgentdnnas dniden fRE-Dagyst em

operati ng freq t han sensi ant enna .20, \Wen hi s
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vol t age drﬁbo%pﬁ) Q40 ¥ uiiflerng38 1o
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deact i vat avtclaasc aapmanvet ¢loment] in parallePulith maswirtterdmad 40 switcdfing eiralitrg tnay

connection with main. antenna 14. In thi.s nmanner heta -to-tag coupling
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occur.

main antenna 14 may be tuned to 13.56 MHz and sensing antenna 20 may be tuned to 20
MHz, and sensing circuitry 18 may short out capacitive element 26 in order to increase the
resonant frequency of main antenna 14 when the current induced in sensing antenna 20
exceeds the desired threshold. Additionaily, in some embodiments, switching circuitry 18
may measure which of the antennas 14, 20 is operating at a more optimum frequency
using a current divider or some other circuit response measurement. The embodiment |
illustrated in FIG. 2 may be implemented with multiple circuit elements, a single circuit
element, within integrated circuit 16, or a combination thereof.

[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 inclndes a switch 46 that switches between inductive elements 48A and 48B
in order to selectively include inductive elements 48A 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 48A and 48B could
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[ 0036] Al though the exenplary tag 22 illustrated in FIG 2 operates at only
two frequencies, the variable frequency tag may be designed to operate at
nor e t han waaoFwegaenci es. For exanple, tag 22 nay i ncl Ba@USeens/08asi ng
antennas and a four-way swtch that selects the antenna that is operating
nost closely to the operating frequency of the RFID system Furt her nore,

al though i n the exanple of FIL.G 2 swtchi n?ﬁtm rcuitry swi tches a
capaci tive bg RBYEQPFIE I R tH 2P dndusiange, AL CATRILEY sepatate a%"\ﬁPTt“l’,sh i‘Holllustrated ¥y y may
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capacitive el ene or swmtch 1n an | uct ment Iin elther series or
“paral l el wW4BB. ffmerefmlhﬁﬂ}ltaym resonates aba highbnquuehey ehén svisclcd@sgmsitivaed
resonant frequency dglﬁﬂnal n antenn&@# For exa mai. n ant nna %4 may be

tuned to 1% sHRLEnAIRHYSEREER 84, Nélegéhwt%&qltﬁ%@dn@'&%e t

‘sensing cig I t

I ncr ease tlg@ygﬂ égssé‘gt’rlfgnwa equeﬁrésg%olgﬁﬁ&?%k%?@ﬁlﬁ%@ﬁ@é\méﬁai ﬁ’é@%@ﬁgnt I nduced
i N sensi ng swittleapafitor ewitels ds otﬂeeswﬂ&ungdompmmhowmcmmay@nhéﬂbe, in some
enbodi ments, switching circuitry 18 may neasure h of .the antennas 14,

20h| s oper S¢sigRpdde aatqmugal&pwmwmﬁwwe&éﬁ%@t &gérﬂnfiéﬂuca"?/ Flggenbr some
FIG 2
may “be- 1 ot S 2 e R SRR HoGEE S cyder SHARMNIRY porer RS bk

el enent, wimplementatiog)satieg 4@dbmpriseslzﬁlouopoxaeﬂdEMSlmxtﬂﬂthhhﬂfaﬁgés th{:0037] FI G
3is a schemat ic diagramillustrating another enbodinment of an RFID tag 44

capabl e of TRFPRHTEANenEY fREID; tag 44 @ WBW\B‘PW“WI%%@%P ﬁ}lﬁeli‘h‘éd‘me%st rat ed
enpodi ment VERE! Rt A iy d&g@fg@ﬁﬁs soé%m guéﬁgw{, &m%é?spgrgvr&en

i nductive € enents I'n*order y i nc I nductive’

el enent s 43fcgaetd48Buials asthinttiomplopbdp pFhdreforq whea IRE]jl‘tag 42 receivet bheugimnner ,
switch 46 is able to vary the frequency at which RFID tag 44 resonates.

[0038] | ndREWENA® astivdipe MEMagaichdo4bE I@éﬁ&pﬂqggéo pover ptreraled eEiuky: thee traces

el amont s 48RS LR PO o B BTy AP 5 e s Bl A KE

conmponent \ehérRy anpowetintegrace, mmuud@rrMEm ywishpir kg fondxanipés chépe
illustrated in the exanple of FIG .3, inductive_elenment 48A is physically

shorter th&Asiiprialesepeh BmeRIAD tagdd is navwred dewn. Brbfs mapneaRFIENB8Ates at a
higher TrequeRFiE VAR of Brd SitRPsH: HeGBGRies, e.g., 13.56 MHz and 20 MHz, at

every.other power-up cycle.
[0040]} An interrogation device, therefore, may attempt a first read of all the RFID tags at
a Jocation. During the first read, depending on their current state, a first subset of the
RFID tags will be configured to resonate at a system operating frequency, e.g., 13.56

( MHz, and the remaining tags will be configured to resonate at the second frequency, e.g.,
20 MHz. If no tag-to-tag coupling occurs, the interrogation device communicates with the
first subset during the first read cycle, and then removes and reapplies the electromagnetic
field to cause the RFID tags to change their 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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to contact inductive element 48A than when the switch contacts inductive

el ement 48B. [0039] Switch 46 may conprise a | ow power

m cr oel ecvomeioanzcal system (MEMS) switch, a capacit eCTAsRMS0s684 Ot her
swi tching conponent. Switch 46 may either be designed to automatically

swi tch between inductive el ement 48A and inductive elenent 48B, e.g.,
during a single power-up cycle or on alternative power-up cycles. In one
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woul d alternate resonating at two different frequencies, e.g., 13.56 MHz and
20 MHz, ato camyapRicge math the iierregstiey dewice.[ 0040] An interrogation devi ce,

therefore f I I ation.
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frequency, e:g 3.56 MAz, and _the remamining tags will be co ured to
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the first read cyc en®renoves and reap gnet i

field to dedeeord the fidktlillefragaidnatiehpogd] bhable id eﬁmetoﬁdrxemﬂe:ﬁw théds a
result, the first subset of tags will be configured to operate at the

second fr eepnepdip aﬁan%é’ar%arm ﬁarn@&ﬁ@ sequdmtseogfﬁm cyGleethettstsybschrl at
th t
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cycle the_ resonant frequency of the RF D tags may be reduced. In
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resonate frequency to a frequency closer to the system operating frequency and will

achieve successful communication with the interrogation device. During the second read
cycle the RFID tags that were originally configured to resonate at the second frequency
will be configured to resonate at the system operating frequency. Those tags that were
unable to communicate during the first read cycle, i.e., those tags that were not é
experiencing tag-to-tag coupling, will now achieve successful communication with the
interrogation device. In this manner, in this configuration, the interrogation device is able
to read all of the RFID tags in two read cycles 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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WD 2005/ 104022 PCT/ US2005/ 005634 experiencing tag-to-tag coupling with

nei ghboring tags may not successfully comrunicate wth the interrogation
devi ce. Howewveors/i6¢d2e RFI D tags configured to resonate at PCRAIS203S0
operating frequency that do not experience tag-to-tag coupling will be able
to successfully communicate with the interrogation device. In addition, the

resonant fr enci of sone or all of the RFID tags configured to erate
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interrogation device. [0042] After reading all the detectable tags on the

“first readgaprbiteriootlerts eyertgharharfeyi.¢ ewheuit banlbdcoah the RE fiwldfor amextRidddi el d and
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cycle, i.ecyclg Wé'géurteaﬁagcwfar?%m@mﬁe@on %%@ﬁ%aﬁﬁ- t1A Pes Woads: i this i ng,
w |l now achi c :&Rﬁﬁ!ﬂé. i 1 j i ice. In
this mnne?@ffgﬁ%tﬁ;d’sﬁggﬁ%#gﬁr ati og%cgﬁi}%%(plﬁk)rlt\t%gb J?%ﬁeg%rﬂﬁ:éé{c%‘é@%ﬂs&a I };eﬁ. to
read all of00ddEARRbERH mghe Exarhple of EHE cywitohsitosf RIEEstag Bdswitotxsdiemedtnstwof

hr ce. o miAees PRI JEDShoReTaEe BaUCEHBIES Of 00 dgakl i ey BeY Fe be
gglml"rijﬁiegat .?jg% H%’Sg@?%?%étg QL d t9 gﬁ?&‘ﬁ?g@g%ﬁ%ﬁ f‘ﬁg‘m"?} esigUfe?ﬁ?g‘;drégg%t ion cycles
can be ner gaihtionsl Fatherohed:, byittind6 nmaly denserhiol sswitctian bther typebf companents,

such as capacitive components, inductive components, or combinations thereof, to

antomatically adjust the resonant frequency of RFID tag 44. Additionally, RFID tag 44

may include sensing circuitry as described with respect to FIG. 2 to allow RFID tag 44 to

( select the switch position based upon which of the switch positions causes antenna 42 to

operate at an optimum frequency, thereby auto-tuning RFID tag 44. The embodiment of

FIG. 3 may be implemented with multiple “tag elements,” on a single tag element, within

an RFID chip, ora combination thereof,

[0045] FIG. 4 is a flow diagram illustrating 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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accurate log of articles sinmultaneously present at the location. [0043] In
an alternate inplenentation, switch 46 selectively swi tches capacitive

el enment s wono@ndsut of antenna 42 to change the resonarCTfusemamseteys of t he
antenna. Upon applying 12 WD 2005/104022 PCT/ US2005/ 005634 an RF field,
RFID tag 44 resonates at a first frequency, e.g., the operating frequency of
the RFID system (13.56 Miz), while the capacitor bhegins to collect charge.
As soon agoqzmm sensali yviching ¢ieitsy Ehdeeniperayvhether RIEID tagizdls eXPeHSRCIBSen i n
the RF fi ' £, L ] -4 ] to a

"char ged" %%C{eggtaggg ?‘)ﬁ %Ir?\lgﬁﬂ% tc?ﬁ%thlg%g%%] agéllté?;:ﬁfl |13¥4t’dr’%? (3L,‘S<1Igz=’it ?\%{'&& t t he
charged stietjgencyp highet than tisyopeeatingerqmeady ¢fithé REID cpnéacioesonaguchn ve el enment
48B. At the "charged" switch position, RFID tag.44 resonates, at. a second

f r equency *PHEPiF %@ﬂgw@mﬁm CATSYRNGYTaREs EPRTBIEJO Wh dHcERgatioR dgKice (54).

tag-to-tag, . couphing: r e Oa . ' . enough
ener gy tog?Bléexun %‘%’gg’tltgﬁfﬁggﬁamt%ﬁglscrgég%%n%? ﬁg} Q%%ﬁ%wg%l{%aﬁg%m tion,
e. g., aft afitehite20 Biseffichgdllyilage «y eli® it beyoha anhRalicld valews Wikendovichmgges back

to the "uncharged” switch position. In this manner, swtch 46 has a default
switch pos§iteyish 18 detgrminep that mspificiens tagtortag coupling isecoyrsng, i.g., Whes themanner |

povor - up i SRR tepiiod Bhistla 24 B 1RERORATE e BRERRe (B P RilY' ©,

ot her wor da (58)rant BivikchexQnfap@tified élement JieinipatAlel GUAhON afteNL P (38RdABOt appl y
two separate interrogation cycles. [0044] Although in the exanple of FIG 3
swi t ch 46descriRed abavgccapacityg elemest Foimgasesthpcapagifanes obpag amenmadd, | engt hs

t o change i : \ | ent
trace | ondl YR e RpaH AR Yl iR PRl RnLartiuen8hicn oy
vari ati ong.g, PONHE] tsahesysteth bdtatiiy fitguehey, el 1 56 MMZ4 @R).i n ot her types of
conponent such as capacitive conponents, inductive conponents, or

S
conbi nat i (471 Neagwitchig cirguisivek§ detgrmynesdhaisnifigient tagstorias coyntivgiency of

ggls ([:) r |t ggdégﬁr@qg {é)tsd&ec 'rb%in ﬁﬁéh%i?gmadf ?)\?\i/?%l‘i‘1.L %g%%%?ﬁ&ﬁw goe ig(r??“%[hgyss\ft ch
position bpasthgRejuenty,clie ofitdhivg nuttehtup@soft tramsdstordbasaBistn 40 réidaind

operate at an optinmum frequency, thereby auto-tuning RFID tag 44. The
embodi neneffdp0). AAxz resuligyaip antehp Mhisroakisyied to rasprate pighe higheireqieRes * on a

single tag,al 8RRk ok bidlo-BR BEHREPIP nei@ib@ii IR AL PSRN, Tn

this manner, RFID tag 22 auto-tunes itself to achieve resonance at the system operating

ry

frequency in order to compensate for tag-to-tag coupling using a transistor 40 that is
controlled based on the current induced by sensing antenna 20 relative to the current
induced by main antenna 14. In other embodiments, other types of sensing and switching
mechanisms may be used to auto-tune RFID tag 22.

[0048] FIG. 5 is a flow diagram illustrating exemplary operation of an RFID tag, such as
RFID tag 44 of FIG. 3, which includes a switch 46 (e.g., a capacitive switch in this
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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[0045] FIG 4 is a flowdiagramillustrating exenplary operation of an RFID
tag, such as* RFID tag 22 of FIG 2, that auto-tunes its resonant frequency
t o conpend&®eodsapdoevupl ing w th neighboring tags. |nitieCius2@Fhé3ssag 22 i s
placed in an RF field (50). For exanple, RFID tag 22 may receive RF energy
froman RFID detection device or reader antenna that 1is attenpting to
retrieve information fromthe RFID tag.. The RF field wwthin which RFID tag
22 is pl acki$4Phbseaesulf thﬁ‘i*‘?r%lﬁ‘t’trqrﬂa&?&’élﬁﬁﬁ@r the sApasiave stchfiP eIty ant enna

20. 13 WO E.
circuitry %L%g eter %égg\-/\%et her E}% gf Jfggcﬁ@ee%(vgé% ﬁ%@ﬁgﬁ%éﬁ}!%f
"t ag- t o- t agitewitphdsrig at“chatetdimmvitrhiposigioh €rMaarldR Fllhtaghldi resamtestaba secoed onant
frequency hi gher nth fre uenc of .the RFI D ystem to
resonat e arefawn%yésoepsr% gﬁ%g‘é’ R L3 tor aécogﬁlﬁlg PV ESHRSHIPOFER i8S £ESBonsi ve
't I nt t 8

0 an I nt ekdaAl IR ddinetiftim i iAEnd tTRkR b G b, e Updiiifngl 8 TBY

det er mi ne er a current n sensing -ant iently
| arge to raeqenty abdsoribedsatiohe e hihisimy@derche Wheimans fetjodticy @f REIIDaagM y 18
determ nes that insufficient tag-to-tag coupling is occurrjng, i.e., when
the currefRuesfyHEsa sngleapansip wisledn sEswe scgess lg@mr@wmwt@ntmﬂb@ﬁm d val ue,

transi stor n?%_ 2Afibh de il &Jﬁﬁ% A{‘?‘%ﬂ,@?ﬁ\é W&&?@%&fﬁ%@@gﬁ%&fcﬁlﬁm&ﬁ erdfle | N

par al | el Mai n ant enna ove, capaclitive el enent

24 i ncr easegpatitor lcapanoﬁ@mmrgat e.gR iWhea iiccinterogdtion ﬁﬂdrietryndvedmpmgnwe
resonant frequency of main antenna 14 from the higher frequency, g., 20

MHz, to thEVisghiGinugade 59 hold the chawssdy SWéclgPOSIti@ ard thecapgsyve Wtybn When
sw t chi ng s Y pent tag-to-tag coupling is
occurring %ﬁ%g%hé%ﬁ?%%ﬁpgﬁﬁg S_L"E[ll&?lr H{&@ gher resonant frequency to

t he syst enfOOSPEFHS.iGg afﬂc@qdﬁgmm illubteating etxemphagy opesraumrt ofyart RFIB tagf duch as
transistor_40 or transistor remai ns _ of f As a result, main antenna

14 is confREU?E@‘{“d’ rlﬂ%ﬁaw@caﬂnqlwsmlﬂﬁw ?W‘&ﬁ’d@mm"@ul’ Ch@gaéli‘”ﬂned by the
tag-to-tag e%&#b?x frggu %o t%{%@ﬁﬁdﬂﬂ it E%sﬁx{g%tﬁ’ér%&@aﬁﬁé In this

manner , self to ac e resonance at t e system
operating refsmemmglat:m optiratgdrequondgg o rp el at anplerswirh-dbaonqyiscoapMEMS usi ng a
transistor 40 that is .controlled based on the cufrrent mduce% by sensing
ant enna 20SWisheifip\dynapiqally chepges the reﬁ%ab%ﬂ%pcmﬁr HagAETRg 14 detwesn o her

:lrjr‘;)gfjlt Hﬁgt m%;]{b:%,c%ggae&hbg{@gﬁd‘@g and switching nechanisns nmay be used to

[0051] Initially, RFID tag 44 is placed in an RF field (76), and RFID tag 44 is configured
to resonate at a first frequency, such as the operating frequency of the RFID system, e.g.,
13.56 MHz (78). If tag-to-tag coupling occurs, however, the resonant frequency of RFID
tag 44 may be reduced below the frequency range responsive to the interrogation device,

‘1 and the RFID tag may not successfully communicate with the interrogation device. The
RF field is subsequently removed (80), e.g., after the interrogation devices reads all the
RFID tags that respond to the first interrogation cycle, causing MEMS switch 46 to change
positions (82). When a subsequent RF field is applied to RFID tag 44 (84), e.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 §8 may, for
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[0048] FIG 5 is a flowdiagramillustrating exenplary operation of an RFID
tag, such as RFID tag 44 of FIG 3, which includes a switch 46 (e.g., a
capaci ti vwospt/mhozzn this exanple) to dynam cal ly changeTtidseosseswmaant
frequency of main antenna 14 wi thout sensing whether nmain antenna 14 is
resonating at an optimumfrequency. Initially RFID tag 44 is placed in an
RF field (64), and the tag is configured by default to resonate at a first
f r equency Sx&upls. ksdapinyed yatug lavgofficey genepment 42§8CiRE (0Doies fasihjties that 13 56

MHz (66). V, ' |4 ' Uﬁ{ . cy will
be reduce&?ﬁ%%%saﬁg Ft;(/ﬁé %%ﬁ%glﬁﬁg%%g efggsé F\%%/hp&rrsg%g%&ésf b [ caﬁagﬁﬁdé%d ?egggdél eto
comuni caf@)3a] T ptdoticd, et figahdydse padititned in 4 AuberAFQHIrdgA22 90, e.g., as

PCT/ US2005/ 005634 0049] As a result of the_ el ect_roms;lgnet ic field, the
capaci t i vaheWn tRG16, e ap Aren Helf 0Ay meabinet B pgerticabiile sppaator fiCchg#he of

ot roh pooPPraREo of Rk RiRak SheFI8 R 00 hayitl bR APl 057 7).

e.g., 20 MatioWeithinag dr@miRdos Cispippogdheinesinglediighdon Far &agHlex St s,
antenna 42 will be detuned fromthe higher resonant frequency to the |ower
oper at i ng Storaascuea G may belassepiptsdavitibopaticylar lopationnfgn ardocketing s nand
frequency o, B R 8ddo oV ALIER G SR SLEP BRRUCH: URHE R PaERR U ©

successful™cC hi cation e I'nterrogati on devVice W requiring

two separ atoagelir@is00@atidR 1654 Eear Afdivaudl bEfices dP BtHict Breal 1S &S eRBAENachar ge,

e.g., when the interrogation field is renmoved, capacitive switch 46 is

unabl e t o brenital erdlinie lBdey dam, snpeconnimgstinn.drbrokerase kauseapachankve switch
swi t ches Eﬁ‘tféﬁg flﬁaér{a‘eree%lﬁ%ﬁ%ﬁge&"rg%@"a}e%?9@&%@%%8‘9%%%3%%&?&” T engnsl -

fl ow di agram atrng exenprary “opefa ag, suc RFI D

tag 44 of “khésx sBragehisah id wel geegaky Mabler svh bbagearehyfonaidoadhont ohamge t he
resonant frequency of main antenna 14 w thout sensing whet her main antenna

14 is redendhatigeairpad with REIintewegation wapability e aiddR sispliag agdiacatingl6

conpri se ] ; ' h equency of
o tnt o Sa MR ol Snt ke B O M GRcl GRRERotaBE ofEE B9 eyl CaICY
Initiallymdrhilefig tkd ateSuspll 8cRAd RFIPNaddrastdotdtel with the itsits RodeDit &@ 44 i s

configured to resonate at a first frequency, such as the %%erati ng
f r equency TesPeative Srago agastagcopumyinicate the information read from the RFID tags to

article management system 92 that provides a central data store, e.g., within one or more
databases of a relational database management system (RDBMS), for aggregation of the
information. The information may include, for example, position information that
indicates where the file or document is located. File tracking system 92 may be networked
or otherwise coupled to one or more computers so that individuals at various locations can
access data relative to those items. For example, a user may use file tracking system 92 to { y
retrieve the file location information from the data store, and report to the vser the last

location at which the items were located within one of the storage areas.

[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 a result, 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.
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13.56 MHz (78). If tag-to-tag coupling occurs, however, the resonant
frequency of RFID tag 44 nay be reduced bel ow the frequency range

responsi veva mos/m@oint errogati on device, and the RFID t agmmes2o0m0d05634
successfully communicate with the interrogation device. The RF field is
subsequently renoved (80), e.g., after the interrogation devices reads al
the REID tags that respond to the first interrogation cycle, causing MEMS
swi tch 46 18 fﬁﬁ&“lﬂﬁ‘sysﬂéﬁ;ﬁﬁé b&?ﬁeiﬁfﬁm a%@dﬂeﬁcﬁéﬁ@@gf‘ﬁefele@{: omh&lefici s applied
to RFIDtag 4 g., durin subsequent i nterrogation cycle, the
RFI D t ag |speatnmi |Sgch &gl 3. 26 Mt nal lowabledtagueneyeguiencsof ¢ § kHz2@hivhias ( 86) ,

i ot [ 06espte & FonoRl SRR ahdfieaier shB aPalitvigne AaReles Gy Ben
system 88 ﬁé&ﬁ&nd%a%é hdedGo R ID Eﬂﬂﬁaﬁﬁﬂaﬁﬁh@ﬁn%ﬁﬁ&ﬁ %ot SSlifite§S pHANT

frequencies to aid comunication in envi ronnents wherein tag-to-tag
coupl i ng rmympkecsrme RAID kpstérhd méangatswdagmcqslsaclmas Fivaehdyse Bl BespR I 88 i's

used for docunment and fil e manage | D system 88 may, for 15 WO
2005/ 10402¥S P’@fﬁ@@?@ﬁ@s@ég@iﬁx% depl oyed within law of fices,

gover nmentpg @@Wdrﬁ)%s eRbo@intiats Jfafd in'vElﬁtﬁﬁl Hat@@tbeelgﬁé’b@ﬁ@ctde BHRee zﬂd)(‘;tﬁetdocunent S
and files, h as business, crimnal, medi cal records. [0053] In
practice, enmbedandrts aswrﬁ'ynﬂmqum mfthmﬁdlomn@clammber of storage areas 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 may be provided at nultiple |locations wthin an organization, as
opposed to in a single file room For exanple, a storage area 90 may be
associated wth a particular location, e.g., a docketing shelf, and thus
may be referred to or considered to be "dedi cated" shelves. As al so

descri bed bel ow, storage areas 90 could be |ocated near individual offices
or other areas in, for exanple, a hospital or clinic, a lawfirm an
accounting firm a brokerage house, or a bank. [0054] In sonme 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 |l ocating docunments or files within system88. In particular, snart
storage areas may include one or nore antennas that are used to read RFID
tags associated with the itens stored in the
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respective storage areas and conmuni cate the information read fromthe RFID
tags to article nanagenent system 92 that provides a central data store,
e.g., within one or nore databases of a rel ational database nmanagenent
system (RDBMS), for aggregation of the information. The information may
include, for exanple, position information that indicates where the file or
docunent is located. File tracking system 92 may be networked or otherw se
coupled to one or nore conputers so that individuals at various |ocations
can access data relative to those itens. For exanple, a user may use file
tracking system 92 to caghéieve the file location information fromthe data
store, and report to the user the last |ocation at which the itens were

| ocated within one of the storage areas. [0055] In an environnent as
illustrated iin Fl &radip-ftedqecwhysiantiieathat( REEN tiheorhpidiwsg:or docunents and,
nore particularly, the RFIl) tags associated wth those articles generally
cannot be fixed tbmélr%ﬁrﬁ?l?i’ﬂrﬂ“%ﬁ%g?égiﬁ%?es???né EBthahce with the techni ques
described herei ngy e, RELiE-A8H AlnasySA1G PhBed ¥RAHERnt Yre@RAcRUE BIBRAIRA! | Y
vary their resonant frequency to ald cohmmunication to an interrogation
devi ce, suchsmisnms; swart storage area. As a result, tag-to-tag coupling may

, t the RRID t ) hi i d bility t. | i
Communi Cat e i th PR RERET HGFPBGToR-aT cow i iy nriding P ibee
2005/104022 B(d4do#08R10RARH cilcOR 2bksdhido SysicnrrbetRaiaghds Bigiln a

frequency range of the electromagnetic spectrum such as 13.56 MHz, with an
al l owabl e frequency variance of 7 kHz, which is often used for Industrial,

Scientific agd Medjc I | i.catiqon However ¥ g j es_may
be. used for AP D ASHRFEFORE PRl 4" Mol SermplY § con RO e BRI ER
exanpl e, somewfdHidl syaiigyBeletinlely gRcimtAlyagRpREEHS APOlitias elameir e e Seainay
use an RFID systemthat operates at approximtely 900 WMHz. [0057] Vari ous
enbodi ment's 8%feRIRRdC FRARER thegsmaveraesy Ede MR A Hese and ot her

enbodi ments are within the scope of the following clains. 17 Clains |_ A
radi o-frequency identification (RFID) tag conprising: a main antenna tuned
to a first raésonafibe RFEYtamncf/slaim 2, wherein the switching circuitry couples the capacitive

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

antenna.

4. The RFID tag of claim 2, wherein the capacitive element comprises one of a

capacitor, a diode, and a transistor.

5. The RFID tag of claim |, further comprising an inductive element, wherein the
switching circuitry selectively electrically couples the inductive element to the main

antenna to dynamically change the resonant frequency of the main antenna.

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 selectiveiy couples the
first conductive trace or the second conductive trace to the main antenna to change the

resonant frequency of the main antenna.
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switching circuitry that dynam cally changes the resonant frequency of the
main  antenna; and a sensing circuit to sense el ectromagnetic coupling with
a neighboring RFID tag and activate the switching circuit in response to

t he sensed el ectromagnetic coupling. 2. The RFID tag of claim1, further
conprising a capacitive elenent, wherein the switching circuitry

sel ectively electrically couples the capacitive elenent to the main antenna
to change the resonant frequency of the main antenna. 3. The RFID tag of
claim2, wherein the switching circuitry couples the capacitive elenment in

parallel wth therpmigpegntenange tQimeducenddls fh%sgmaﬁméra%wycoﬁipnme mai n

antenna. 4. The RFID tag of claim?2, wherein the capacitive €l enent

conpri ses oneigbelectronegebaiitad rsystanc{MEMS) smtthahdtrsalesisstifferentelechhen] RfehPntsag of
claim1l1, further coppris an inductive el ement, wherein the swtching
circuitry seF@gFﬂﬁgggﬁﬁP%%gfc%ﬁ?Py coupl es the inductive el ement to the main
antenna to dynam cally change the resonant frequency of the main antenna. 6.
The RFID tag of claim1, further conprising: a first conductive trace of a
first |ength8 andThe REBd et eforiaioet i whersindbeswitc hings eisawialy P@nmm 2\hpIcEivie t he

f | engt h h d | wh
i tohi ng ci PEUPE RS Bneet 0TSl araeenar e el dnleitr B EPhc, gt

second condugkdrye trace to the main antenna to change the resonant
frequency of the main antenna. 18 7. The RFID tag of claim1, wherein the
switching circuitry conprlses a mcroel ectronmechani cal system (MEMS) sw tch

t hat sel ects dlff | I a .1 he ona
frequency. 8. The%%tﬁﬁnﬁ dgo? %m £ %g§§ﬁ§P%%%“§ﬂ%B§§f%%%?%%é%¥}%%P?Fiﬁ
conprises a eRp@Ashighwitc cSWlIn@hwﬁthai xﬁfgamge}g RAD 1teg on@nteléatieefyeincigast drhe

mai n antenna based upon a stored charge. 9. The RFID ta%?of claim1l,
wherein the é‘%cﬁ%fis?‘ﬁgﬂ"éﬁf’%ﬂﬁ‘ﬁ?t frequsams 88 ﬂ&nm%smfﬁnﬂafbaseé# ek thosrrgsrtmeut ofpl i ng

with a nei ghQQEﬂr&ﬂagﬁﬁ &c;uggng_and sel ectively increases or

10.  The RFID tag of claim 9, wherein the switching circuitry comprises a transistor

that turms on when a curtent in the sensing circuit exceeds a threshold value.

11.  The RFID tag of claim 10, wherein the switching circuitry further comprises a
first resistor and a second resistor amanged to realize a voltage divider to regulate the

threshold value at which the transistor turns on.
12.  The RFID tag of claim i, further comprising a sensing antenna tuned fo a second
resonant frequency, wherein the switching circuitry changes the resonant frequency of the

main antenna based on an amount of current induced within the sensing anterma.

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.
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decreases the resonant frequency of the main antenna based on the sensed
anmount of electromagnetic coupling. 10. The RFID tag of claim9, wherein
the switching circuitry conprises a transistor that turns on when a current
in the sensing circuit exceeds a threshold value. 11. The RFID tag of claim
10, wherein the switching circuitry further conprises a first resistor and
a second resistor arranged to realize a voltage divider to regulate the
threshol d value at which the transistor turns on. 12. The RFID tag of claim
1, further conprising a sensing antenna tuned to a second resonant
frequency, wher el ApEigrsub GRERG Gl Gl ieARERS ARG ARARAIcNy elency of
the nmain antenna based on an anount of current | c?uced w thin the sensing
ant enna. 13. tiehe=sBRidnD freggeraly «fl e nmaiz, ambrerzeimont dpplicion anremnal afic the
sensing antenna are . copla 14. The RFID tag of claim 12, wherein the
sensi ng ant efFau57SY 5198 tkﬂeggél@ptf‘%xi mately 13.56 negahertz (MHz) and the

mai n antenna is tuned to approximately 20 MHz. 19 15. The RFID tag of claim
1, wherein the switching circuitry automatically changes the resonant
frequency of 16he fhienREN eanaofuglenn appfirtet | compoising e VAFILbfintggragadi eircuit
frequency field to . the RFID tag. .16. The IDtag.of claim11, further.
conpri si ng aﬁleﬁﬂcﬁw ﬁ?‘g’é‘?‘id'ioethe g"far"l: ﬁpttemaefhggftPfeéé%PW%%&p?fgﬁ' ?SSOTW£ Adicly
antenna that ;84 e5suhidhiel et BAnRfonah aA RFOC kAt i Afhkein§di€ an@figth, comTuni cat es
the information to an RFID reader via the main antenna. 17. A nethod
conprising: operating a nmain antenna of a radio frequency identification
(RFID) tag at”.an 28 t(?‘gcilzgtrgdﬁsrigsonate frequency; sensing an anount of

el ectromagnetic coupling et Vedn the RFID tag and a neighboring RFID tag;
and dynam cal |y clhpagtifgathsn rmacanant f raiufefinef idehtficdion (RFIBNRE Nased on
the sensed anmount of el ectromagnetic coupling. 18. The nethod of claim17,
wher ei n dynadfsesiafed 'eargiHsEUTRS resonant frequency conprises sel ectively

coupling a capaci i \e,LheaRBhnd O LR SR AN EMIA CerwELLtld HPY tag and a
neighboring RFID tag; and
dynamically changing the resonant frequency of the main antenna based on the

sensed amount of electromagnetic coupling.

18.  The method of claim 17, wherein dynamically changing the resonant freguency
comprises selectively coupling a capacitive element to the main antenna to selectively

increase or decrease the resonant frequency of the main antenna.

19.  The method of claim I8, wherein the capacitive element comprises one of a

capacitor, a diode, and a transistor.
20. The method of claim 17, wherein dynamically changing the resonant frequency

comprises selectively coupling an inductive element to the main antenna to change the

resonant frequency of the main antenna.
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i ncrease or decrease the resonant frequency of the main antenna. 19. The

met hod of claim 18, wherein the capacitive el enent conprises one of a
capacitor, a diode, and a transistor. 20. The nmethod of claim 17, wherein
dynam cal |y changing the resonant frequency conprises selectively coupling
an inductive elenment to the main antenna to change the resonant frequency
of the main antenna. 20 21. The nethod of claim 17, wherein dynamcally
changi ng the resonant frequency conprises selectively coupling a first
conductive trace of a first length or a second conductive trace of a second
| ength to the, mai nt enn ch th I t I,.n
ant enna. 22.§*he 2%?ﬁ%§“%?°i@g§h?ﬁg?h%ﬂ§ﬁ%?%gﬁﬁg§ﬁﬁ?§§¥§§g¥ﬁ%ﬁ%ﬁé§%gg§ nsi ng

ant enna havi Bgmprisek astaanly fcoasigng firdi ddndtianie kit hdirsielsogntandr 4 rseepnancy
associated with the main antenna, and wherein dynam cally changi ng the

resonant freERISNEYVCEIREAf @esscong\ength ©dhe ParaiginAde Einees B8 sRRttiFayeRsicy

associ ated Wth the, nBL ntenna when a current induced in a sensing
antenna exceeds a ?%regﬁgﬁd val ue. 23. The nethod of claim 22, wherein the

resonant frequency of the sensing antenna is tuned to approximtely 13.56

megahertz (Mdz) and the resopant _frequen t he in antenna is tuned to
appr oxi mat el ¥220 ﬁlﬁ&m@wﬂ Gfﬁg"f’relg hY gﬁ‘fl t@/gﬁp iaﬂfﬁaﬁ‘iefé‘ﬁﬁ“%%%@amaymg
changi ng t he,resRBdNteduleRay aftent G the BSoRMRaqRAlY YasstBRA GGt i€ Hhgsonant
frequency of the main antenna upon application or rénoval of a radio

frequency fi ehtenrtap ek WEe®int alynar@iSallyA ¢hadgiog f thequesvosnti deavénicyy c apinprises RF1 D)
system conpri,sing: .. an REID jnterrogati on device: ,an | D. .tag _associ at ed
with an arti B Gl GrRERRGS ruPROGSIichr BBOTaES i B MR PRSI ETEERD ( ag
to obtain i ntakdRiidabed BYdeAiRDarda aXdeedd £thr@Rdidaamenputi ng device to
process the information retrieved fromthe RFID interrogation device,

wherein the RFID tag includes a main antenna tuned to a first resonant

frequency, g i mrﬁgl:n%th%q o‘ficﬁﬁ%f hb, PhEGh AR ML RURERS drond s L RARL NN
that stores inforimation of the
tuned to approximately 13.56 megahertz (MHz) and the resonant frequency of the main

antenna is tuned to approximately 20 MHz.

24.  The method of claim 17, wherein dynamically changing the resonant frequency
comprises dynamically changing the resonant frequency of the main antenna upon

application or removal of a radio frequency field to the RFID tag.

25. A radio frequency identification (RFID} system comprising:

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,

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, switching circuitry that selectively couples one or more elements to the

main antenna to adjust the resonant frequency of the main antenna, and a sensing circuit
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associated article, switching circuitry that selectively couples one or nore
elenments to the nmain antenna to adjust the resonant frequency of the main
antenna, and a sensing circuit 21 to sense el ectronmagnetic coupling with a
nei ghboring tag and activate the switching circuit in response to the
sensed el ectromagnetic coupling. 26. The system of claim25, wherein the one
or nore elenents includes a capacitive elenent, and the switching circuitry
sel ectively couples the capacitive elenent to the nmmin antenna. 27. The
system of claim 26, wherein the switching circuitry selectively couples the
capacitive el i 10 t [ E . h&,,: nant
frequency oftggﬁgkﬁ%?ﬁﬂgﬁgtﬁﬁg? f%hgfﬂg]g&%ﬂ%%?%ﬁggﬁa?ﬂ%%%gH&ﬁg%eﬁﬂ&?ﬁ%
capacitive elcemsnin respoprd oabe gmeedoflecronegpsicicowrtinga di ode, and a transi stor.
29. The systemof claim25, wherein the one or nore el enents includes an

i nductive elenent, and the switching circuitry selectively couples the
inductive el egent THe sid16m Bichim@3! GRBRin 1B ond BEmMBYS biemeRt ikl @ieBaZapadiier ei n
the one or nore elenents includes a first conductive trace of a first

| engt h and a ekswohhndoidsstiichiagt simudryoselestivdy oneplee Mgt ¢apacinde clementiv thehi ng
circuitry selectively couples the first conductive trace or the second
conducti ve tpﬁﬁémrgn%he mai n antenna. 31. The system of claim25, wherein
the switching circuitry conprises one of a mcroel ectronechani cal system
(MEMS) switch and a capacitive switch. 32. The system of claim 25, wherein

t he sensing &r cuilhe sevign ofairimnfurithegtin the) wetchBigagFratycsstipely vgumes Hea

nei ghbori ng ) : Vel L to
the main ante%l;naglt aggﬁﬁ%ﬂ“fﬁ%gﬁﬂﬁﬁ@ﬁxgﬁﬁﬁﬁ%ﬁ§¥&gﬁé%??%ﬁ%ﬁﬁ%?%@fﬁ%@%ﬁﬁ?ﬁg to
sel ectivel y itmokeiazetedona.decr ease the resonant frequency of the main antenna.
22 33. The system of claim 32, wherein the sensing circuit conprises a
sensing antenna tuned to a second resonant frequency different fromthe
first resonang fregueneym aNdalhee, Mt D caab Bk el BRHYA! ¥nL PRl es

the one or nore elenents to the nai n ant enna
capacitor, a diode, and a transistor.

29.  The system of claim 25, wherein the one or more elements includes an inductive
element, and the switching circuitry selectively couples the inductive element to the main

antenna.

30. The system of claim 25, wherein the one or more elements includes a first
conductive trace of a first length and a second conductive trace of a second length, and
the switching circuitry selectively couples the first conductive trace or the second

conduetive trace to the main antenna.

31.  The system of claim 25, wherein the switching circuitry comprises one of a

microelectromechanical system (MEMS) switch and a capacitive switch.

32.  The system of claim 25, wherein the sensing circuit senses an amount of
electromagnetic coupling with a neighboring RFID tag, and selectively couples the one or
more elements to the main antenna based on the sensed amount of electromagnetic

coupling to selectively increase or decrease the resonant frequency of the main antenna.
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when the current in the sensor antenna exceeds a threshold value. 34. The
system of claim 33, wherein the switching circuitry conprises a transistor
that turns on when the current in the sensing antenna exceeds the threshol d
val ue. 35. The system of claim 34, wherein the switching circuitry further
conprises a first resistor and a second resistor arranged to realize a
vol tage divider to regulate the threshold value at which the transistor
turns on. 36. The system of claim 32, wherein the nain antenna and the
sensing antenna are coplanar. 37. The system of claim 32, wherein the
sensing antenna is tuned to approxinately 13.56 nmegahertz (MHz) and the
mai n antenna i s tuned to approximately MHz., 38. The system of cl ai m 25,
wherein the $vi t cRPAGYEFROGIETY 3§ut”8ﬁ’§t"i T@aISFTW’&F&W@]5§°fnﬂ?é‘sesrae%‘ﬁa&?“tema

frequency of {ie 8!8 ARLEAI PR ABRIIGRA Rltn Ue FRIUBharR frefudBfl'ala th
frequency field tost%e RFI D tag 5 1 © o0 eﬁlnapa ©
switching circuitry selectwely couples the one or more elements to the main antenna

when the current in the sensor antenna exceeds a threshold value.

34,  The system of claim 33, wherein the switching circuitry comprises a transistor that

turns on when the current in the sensing antenna exceeds the threshold value.

35.  The system of claim 34, wherein the switching circuitry further comprises a first
resistor and a second resistor arranged to realize a voltage divider to regulate the

threshold value at which the transistor tarns on.

36.  The system of claim 32, wherein the main antenna and the sensing antenna are

coplanar.

37. The system of claim 32, wherein the sensing antenna is tuned to approximately

13.56 megahertz (MHz) and the main antenna is tuned to approximately 20 MHz.
38.  The system of claim 25, 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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