RADI O FREQUENCY | DENTI FI CATI ON (RFI D) TAG 51 NCLUDI NG A THREE- DI MENSI ONAL
LOOP ANTENNA TECHNI CAL FI ELD [0001] The invention relates to radio

f r equencywoadeewiotilgat i on (RFI D) systens for article nanagensnmaszsyl nor e
specifically, to RFID tags. 10 BACKGROUND [ 0002] Radi o frequency
identification (REID) technol ogy has becone widely used in virtually every

i ndustry, including transportation, manufacturing, waste managenent, postal
tracking, airline baggage reconciliation, and highway toll nmanagenent.

Atypi cal 15RFID systemincludes a plurality of RFID tags, at |east one RFID
reader (also referred to as an "interrogator") or detection system having
an antenna for coMRADIOIFRIGQUENCYMOINTIPTCAIRIONRFEDCDARUti ng device to

contsol the RFID meeda/DINGA RERPE-DIMENSIONANUGSOOPIANTENNA er that nay
provi de energy or information to the tags, and a receiver to receive

identity and other information fromthe tags. The conputing device
processes the 20i nformati on obt AN ALNEIERN D reader. [0003] | n general,

the infor i received froman. REID tag.,is. ci fd o the particular
ool | cat i OHECh T RURT SaF R AToTriareh @i RiRRER AT A0t BRaHiG¥ wh o
the tag irfarfao¥@ent dad emBleapy¥cifitdliyc teRFIMELNde manufactured items, books,
files, animals or individuals, or virtually any other tangible articles.

Addi'?i onal information may al so be provided for the 25 article. The tag nmay
be used during a manufacturing process, for exanple, to indicate a paint

col or of an autonobile chassis duBARKGROIIMNDt uri ng or ot her useful
information. 100041 The transmtter of the RFID reader outputs radio

fr eqUenCMﬂom)Reﬁii(gﬁ@%&enEWdéﬁ@ﬁca&ibﬁ (RPI®NBehroW s MRAbecoatt wldeBlusedagnet i ¢
field that enables the tags to return an RF signal carrying the

i nf or mat iveruallyrevebnidesiv ingluding temsportations mamEpgtutieg. Wasictpaagement,

modul at ed 5o SR SR BediEren b AR N B eI EADR. A ERee v 10 @
conhs gur RFINS/steihidcEED plagalite SRR FHES tags i dabtuneURF [Bar¢edcs (g satefdrraot he
RF1D reader and initiates connunicathon by responding i mediately with its
i nf or mat iBR/N SIS/ 1Y AP EABT TSI BY/ BB YBICAYFOLLOTAMERIYEHE VER I t ag may

be an "acgipiye: j i I - ive"
Voo that SEfFagd 3 b Bahplii MARS, B Rph N TR EIID AL, SR R s 1y

by i nducta tvansouitgulthatg)ay frovide gy caimérmahen teaf)s tagonandri reediecrus irengiva

pre-defined protocol,. all owing the RFID reader to receive information from
one or nofgtikgad oprinfistalivs Hgmiieiese L oRPULLE dRVITHHIBRRAE Bh management
Sysb@em byinfo@eliot Mdaihb@by QU de@drf rom the RFID reader and perform ng

sone action, such as updating a database. In addition, the conputing device

may ser vd08@3]dngendrahhermfosmaperoigeeined figmdatRE IDnteg 1 $pecifig de theipartiduéar
transmt ta%%lica%%%}{)%lﬁgn 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 articles. Additional information may also be provided for the
25 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 radio frequency (RF) signals through
the antenna to create an electromagnetic field that enables the tags to return an RF signal
carrying the information. In some configurations, the transmitter initiates communication,
30 and makes use of an amplifier to excite the antenna with a modulated output signal to
communicate with the RFID tag. In other configurations, the RFID tag receives a

continuous wave signal from the RFID reader and initiates communication by responding

immediately with its information.



100061 In general, this disclosure describes a three dinensional (3D) |oop
antenna that may reduce adverse effects to the performance of an RFID tag
t hat arc woteédeeabl e to the coupling between the RFID Pag/usne9asse71

el ectrically conductive surface on which the RFID tag is placed. RFID tags
designed in accordance with this disclosure include a 3D | oop 15antenna
coupled to an RFID circuit. As will be described in detail herein, the 3D
| oop ant dﬂﬂ%]#ﬁé@l}’@éﬁo@l fqgrr@@y bo#tASHVY elapdief InsHdsagm HECTaAlROMGE FOWERI wi dt h

that subs %“i%?s ¥ ¢ e I%%t%&égﬁ%?l?heltdrb?eaft%d th%%‘iﬁ%é&’e?ggﬁcﬁﬂ Ppn and

liein a pl ane. I've por ni1s electri coupl ed
to a secdndndmmﬂﬁcmeﬁgpohnhﬁmrhavhh@u@sbamgwmammhmhgﬂﬁmkhﬁhaﬁpbﬁmant|aIIy
exceed a hi ckness of the second c%nductlve portion and lie in 20a second

pl ane. opiipgthe READIASHEP T5PeiKe Bigrmation Sonhafs o moredagsalThg comgudie
anot;her RVIULESBL ad 1 1‘ﬁ¥d}hfaﬁﬁré hﬁﬁ@gé%& a%teflﬂ Byﬂec r@ﬁ&ﬁﬁﬁm?é?f&ﬂ%ih%

portions In a current loop t [1es In third e that is not
substantdﬁHDwemknahﬁ@hﬂannganﬁta@tmammhaeupﬁdmghah&@aﬁﬁﬂaaddeenmeex0|ted

t hrough the fi.rst and second cond ctlve ortions. é ? ﬁanple be a

r e- modul £CBWVHAL EFYBHREY 5YVS Pyh BICRANA™ {4 PRRREENRE SR ip e i

circuit, tBwnQmittden the case 250of a paSS|ve RFID tag. In other |nstances,
e.g., in the case of an active RFID tag, the RFID circuit nay generate the
signal that excites the current through the conductive portions. 100071 The
RFI D tag is configured such that mﬁﬁﬂ“@# on a surface of an article the
fird? and second pl anes are substa ialTy parallel to the surface of the

article. hi s manner., e f the current t hrough whi ch t he
current tlﬂﬁ‘%él Ia generpl s ¢ lécq Ayt 3@%& St &ihes Wﬂ%%ﬂéﬁilﬁ) IOPBaletﬁ%naatPﬁﬁ cle

surface tQ Alyy\l*%'dﬁé‘b dRErsREFR. f&gthb %eﬁ&ﬁﬁ%@@gf atFRFII?%‘a%r{RAt%re atm-Butable to, the

2009/ 10271 / US2009/ 033671 1 n"sone enbodi nents, the plane in which the
current |cwopling batiecratht &4l thg asl am@ledmecaébrb@némtwa Isifaqeeompemdi thel RIFID 0 t he
article surfa sone, enbodi,nment s. e.first and se

conduct i V& g Cieen2\9313]t%a»%&%n?%&C&?{fiww%\insbdéw&w%@a%a§f?nlﬁﬂle enna
mat g5 i al dnfahl dbifle PRENATFIDE RURO AL vANDedREdrbeAth dethit ABLINURUD |Rpp for a
RF current. In other enbodinments, the 3D antenna | oop may be defined by a

conbi nat iagtensd inchudes A ey andrtise paﬁtloarlildwag adength milctmdﬂyﬂ@bﬁdm@mwléf article

surface on c Iactﬂl tkh ss%'ﬂ ft onaugtl ace 1ona dtlheelnla lanen%dlﬁqam the
electrlcéify con 've arf 188U and 't he Ana raterial define a

dosed | oapnfiqtiva p@i:tfolhem bleéﬂn@wﬂy dduped tb h%e@dhﬂdidﬁﬁudﬁ@e pottiodlhavinglaflageh act s as
part the 3D antenna. The electrlcallg 10conductive surface and the antenna
mat eri al awdyviddrthatsHbstentisdlz gxeesdp thickness of thesecandgeendytiye redioraedilisin or vi a

capagi ti Vaeseggrt{ﬂ%lh&g Tlfe%g énd-léggon%? %1%9 RrlAb &t f rJlf*é[ {okkﬁ{e ap18thgte sA gned

such t hat Ion o e antenn unctions as tuning el'ement to match
an i npedaneenos ekh&dalmtoeghn&letfﬁstamdlsammwonmcmﬁve phﬂioh@immémdnolomiplthd’t t he
e trace tha 15f grms the 3D

antenna i.s cou L%F. As an exanpl e, g?

loop ant dindh Ay Hetce isRe s E! e T EREEeond Bnd e ¢ ve
current excited through the first and second conductive portions may, for example, be a re-
modulated interrogation signal that is backscattered by the RFID circuit, e.g., in the case

25 of a passive RFID tag. In other instances, ¢.g., in the case of an active RFID tag, the RFID

circuit may generate the signal that excites the current through the conductive portions.
[0007] The RFID tag is configured such that when placed on a surface of an article the
first and second planes are substantially parallel to the surface of the article. In this

manner, the plane of the current loop through which the current that is excited is not

30 substantially parallel to the article surface to which the RFID tag is attached. For example,



tuning el enent. As another exanple, the 3D | oop antenna may have
over | appi ng conductive portions that function as a capacitive tuning

el ement . Wo 200%w9etther exanpl e, the conductive trace tharcrarsa®owbas78D | oop
antenna may include a region of interdigitated conductive fingers to
enhance the capacitance for better tuning. 20100101 The RFID tag may be
attached to a substantially non-planar surface of the article via a

nount i ng IAseHe embygimartsy Hicinkgcrie wieeh thagusantieapqfiheantennadiss sranbico a cur ved
or irreg . E I -planar) surface and may be
attached%%g&%%F%Qggﬁggégﬁgﬁ&%ﬁg%ﬁ%hﬁﬁgﬁg?ag, i.e., between the RFID tag and
t he arti dDeosunfsame cmbbeéinmomts) thHerfystadizecontaypnectivee pbaibns bfitlcBieloappl ural ity
of sections that are p%fed apart from eac $50ther, or other%f e. have a

st ruct ur énfaR DY SfdieERcE Pl Hitpinaymatqiy 1aqluding BRROABAOREIS, deHNingdi o
freguency., i fid { i i ncl udes
o o ey g e R QT AR A0y ke 2
exceed a definekhgessombinahen 6f ths tinteomdmeteiiveandamtal@tricallfeohdrgvhadiclt wi dt h of

the first conductjv o] on substantially lie.in.a first ange. At |east a
por t1 on_ oprineor i doRENE e DBEa0 ot beoh srboiBent g LPERERY Tor ¢ i ng
an i npedaRagu@iveaifld QPRCcABAEMBAntchREmaRPRI ddHRANFo3H $6bp BF h U@t MoSecond
conductive portion having a length and width that substantially exceed a

t hi cknessltal, thh eorbictndlatiolsduta¢osstysimartdhe 3PRatenanglhe eladriildt h - WO

2009/ 102714RCT/ US2009/ 033671 .of the second. condugti ortion substantially
et n a SLESTSIANE PR R TS pdfartd PP AR o Ve e i ane.

The secongect@dall Usinev@orP@ ik Odpacivekegslingcal |y coupled to the first
conductive portion. The RFID tag al so conprises an RFID circuit

el ectri cdpﬂ&lcﬂw&& fasp aptgnpyay %@ﬁw&hﬁ dprianadsuel Biaf & partionof distantawpaugh t he

| oop ant . . i IS |V, | an: second
conduct | vanise o h BHALGIGHON b R EiihprsB AR 4 oA ARl TS
subst ant itht I cipengehdihaht amteira it beurfled. sAs @l anenpie)dhd tvadseoenchcpllane. 100121
I n anot her enbodinent, a radio.freqguency identification (RFID) system

conpt i se Ogn»?@aggr IOBRBIeMRAOREY 5144 P SbIORA e ﬁlpgﬁl%ag%ﬁ FaRECHER o

frequency iREL At d AsaRGhaneBRIpR, HRBD IR dRinba b9 Ha0CbWdBpae! 00p antenna
that has a frrst conductive portion having 10a | ength and mn%t% t hat

subst ant i@hilyctier pegna thah figlchers 8s fapabiéive tunsig cdomeutc tAsweefupbert éxempleT He
length and width of the.first ductjve portion substantially.lie in a
rret pr anadiohi odss B Feofis Bobimlstre Foy MRk PRDE Boreidri St ne o
tuni ng degBactivefingbRitd entaicd MRRApREEnRffof P&tk agmgant enna. The | oop ant enna
al so includes a second conductive portion having a |length and w dth that
subg® ant i[8010] Ehedtdd tag mydieradteehedfto rivebsiantig Hyl non-planansiatece obthpertidlon. The

| ength and. w dt h.. t 0 c tiv ontion. S tially lie in a
second prih ARk oBfsE AR fROEARAT RS BRLY R decona
conduct i Vfre@@irlly Shaptd (abaeitidllgalohyplanuEuetcd sndhgy bé ftsdchedRdiveye portion.
The RFID tag al so includes an RFID circuit electrically connected to the

| oop ant eMiEen of thx BFIIR tag. ber Pefitecn tedtigh temand thegtticonirticei The popetingh and
the seconfufRRdh! haitRarhtAl L hﬁ‘ad]&gfo['fﬁ&lﬁohmﬁt 8eB3badeli §art o %Qﬁh' rd
y endi tu Irst p

pl ane that I's substantli al per ar to the ane and the second
pl apg, t ot @uithawiddhase gr@hctune tha ppanstes flexibthiey.i nt err ogati ng RF si gnal .

10013] | ther enbodi ment, an article conprise electricall
conduct i 3@@&1@@@ e adﬁ<§0ffff€@aﬂ@afd§ﬁmlglgﬁtm 5@5? B OB 4 B8P coupl ed
to the elgehhh aak intnRROL R IYRIRUYE BGRioRhatilE a8 TokiE kit witlguRE! D tag

conprises a |loop antenna conprising a first cConductive
substantially exceed a thickness of the first conductive portion. The length and width of

the first conductive portion substantially lie in a first plane. At least a portion of the first
30 conductive portion forms a tuning element for tuning an impedance of the loop antenna.
The loop antenna also includes a second conductive portion having a length and width that

substantially exceed a thickness of the second conductive portion. The length and width
3



25portion having a length and width that substantially exceed a thickness
of the first conductive portion, wherein the length and width of the first
conduct i weoposwiogni4substantially lie in a first plane. ACTIGS2a600/0336pDrti on
of the first conductive portion fornms a tuning elenment for tuning an

i npedance of the | oop antenna. The | oop antenna al so conpri ses a second
conductive portion having a length and wdth that substantially exceed 30

a thi ckneﬁéh%&ect)%coé@é@ﬁ@ R%Wm%lﬂ?ﬁt@étlfﬂb’rltq iBr¢ seopnskdane thifds ﬁléqfrgmﬁalémd wi dt h
of the s p t hat

i s subst }%? ﬁ)& ﬂgg?%:p}/aﬁf %E %Ian¢| r s@%&f]é ﬁgr’tlxq'ﬁtseeq%de@%ana’%ggﬁg%é |h\%g? S|otort| on
is elect I’doﬁallldtiy(le cpoum;lne(T hb(RHID&ai blss bompmhs @h IRRED cWiCuit electrically connected

2009/ 102714PCT/ US2009/ 033671 porti qQn. 'Lotg EI D tag al o i ncl Lrée@&,an RFI D
circuit dP&RIPPRANFINIIBEREE BErTH! freughdp loamaiiga (% Aoy dhionetshe ditpent
throgigh tégﬁdﬁ& B pBRicag tﬁ@sefcbﬁa’\é&l*aﬁ&%gb trttﬂtﬁt fl rc%ﬁreﬁ% @ﬁa‘t Yi€s ﬁ%rthirEt“ and
the second con tlve portion in a current | oop that s Ina third plane
that is rpianesthaiss antstaatiblly papaidieilartto thehferseplewt anidabé chonabpkauct i ve surface

f th i 510014 th nmbod .
REI D g DA ARo e e Roh i, Fagenty HatieAed TREMD ¥ sE R mpRes "
Subst ant | alchder BA: I U5BERn FREOTRT 10D FRIIRRLy (mmrerds 85d &

substantially flat and flexible base nenber conprising an upper surface and
a | ower SRilDAee. EEb@BHID ¢ag ineludgrpreloop antcarsethatling adirpl aondidtivg poftiandhaningng

strycture fro ower urf.ace. 1

orvafi meriiore R ol HAAH i STt oo H R PO PP BRIy wi e o
cur abl e refileagtPafdSidiy oattﬁrfacpudagdtmk pbitfod subgaitRVy i ik @ fekiphaet @ resin,
removing the shaping tool after the material has cured thereby defining a

pl ur al i t et 2 peienioh ghesfinstecandrety caorédionys £ iuvmselpasy fREMBEYE a0 enpvi ng t he
base merh e&ﬂfé tantlgﬁfmaﬁamﬂ@% S GEsH T8 Gudds AL c%ﬁéﬁtc%ée the base

menber belng sub at an conprrsrng an upper surtace
confi gur g@rtien laetvtngcdtleh@thamd madtihahdtrsebutancayly icdemrtliafthickidso of (hRlsE)ondag and a

| ower surface,. the noun |ng structures xt endi n aomthe | ower surface,
and1%0uplqoﬁéucélr’f§ PO IHo 1 NS tge ot eswaerg%{}wlaeeoepnts 13958y renber .

10016] Irheatﬁ%ts@@crn Cthﬂ%?&ubs@anﬁ@l rtrt&%lﬁre%ﬂﬁﬁ{tt e Gadnatoh Mk tag
conprises a |loop antenna that includes a first conductive portion having a

| engt h arpbriverdis kelectrachllP 0Osuidst @rthé fitst yorehuceedpatiomi ThkaRED oig etlsh)emﬂud@t
conducti ve ti he.length a wi. dt h of theflrs condu rtion
cubst ant 1D @ iR PomaRe oL i ahated SPRNRER second
conduct i Vst @vehaidhhnd th&@bid adtdubiivl fortidiain Sikeharbp #hdt Yieexceed a

t hi ckness of the second conductive portion. The length and wi dth of the

secéhd cdhtndretailv@aptﬁrwbsmntythltysp@md@ulaytq the firs{ ptang ead Hi sgandeplatgato i s

"o ol oot ek Pl RERL i BabdiRe &b LR BB R ARET L o, “The. second

conduct i woom]rlhlaﬁ@thbﬁerﬁtc&nmeﬁntﬂ gﬁeted:ohq)n@@mt @cdtficallycondugivt ¥erfsddrahace of
an article tg which the REID. t is attached. The RFID tag al so conprises
an RFI D dnradip reepetcvrlri%tficeftl dBY & o8Pl & theslectiireln ﬁanctltstlé%rrfaéea

current tp Qéjzg}ﬂcltehg’ g mﬁc% § 1 i fl(Lo(fJV\c’mtt%ﬁlQ WORpHilRe hihstleofi@REVEL | Ve

pOI’tI on, the secon ortron
25 portion having a length and width that substantially exceed a thickness of the first

conductive portion, wherein the length and width of the first conductive portion
substantially lie in a first plane. At least a portion of the first conductive portion forms a
tuning element for tuning an impedance of the loop antenna. The loop antenna also
comprises a second conductive portion having a length and width that substantially exceed
30 a thickness of the second conductive portion, wherein the length and width of the second
conductive portion substantially lie in a second plane that is substantially parallel to the

first plane. The second conductive portion is electrically coupled to the first conductive
4



30t he conductive surface of the article to which the RFID tag is attached
inacurrent loop that lies in athird plane that is substantially

per pendi csbano%iw2tihe first plane and the second pl ane. P@DUS2009/033671

2009/ 102714PCT/ US2009/ 033671 100171 In anot her enbodi nent, a radio
frequency identification (RFID) system conprises a reader unit, configured
to output an interrogating radio frequency (RF) field, and an RFID tag. The
RFI D t ag Nowégnyde PaFl(ﬂ:’b@g agﬁﬂ@m@&aﬁzﬂ IRegdrcyit £loekically perueetcd & Pereeon havi ng

| th i : ial j irst
2 e Rt L Q3SR ARh U o ENERRo A HRIIRR Bl RS |
subst ant ipgirtigh dridethe Becand costucivap@tiod ea bwegmt ovpehatdicalsothinlglladtabatds second

conductive partion having a |length and width that suybstantially exceed a
t hi cknesgloaﬁuhSFﬁ@tlg%se%all%é%&w@éqwaﬁwp@wrlvwﬁwH Bﬁaéfh width of the

secopd cQEHtihuRoREl {rhBiSLRSLARKLAbL eohlrFish LR PR O Rlodftd fghobs
substantially parallel to the tirst plane. The second conguctl e portion is
el ect ri calohfigeodpd mduntah¢ REID itagsdn 4 Qbstadtalty me-plendrisorfaceT Hghesemoniag
conductive rtion.is also configured_.ta uple to a conductive surface of
o art1 o BB S B g S0 A RS Pt e RS Rl udes an
RFID ci r Gifhcdicd loiveRblrace Opp&et @ dppek fRfdcORdANYIGANE JfndhEinge a current
t hrough the first conductive Portlon, t he second conductive porfion, and

t he conduturtuecsuetfudies Gomitheloaversetfacet o whi ch the RFID tag is attached in
a cyrrent th | i I N third 15pl ane that is.substantially .

per fnar daPERpihihg! yffadiaft.h Beliby B SEA AR h @ BB B i e

si gnal i reurb$PRBBEpicosii @ shapify tooldiatd e cibtysto hgde thd BYkS lenhdvigndkher

enbodi ment, an article conprises an electrically conductive surface and an
radi o freHarRing{oal galerthe magariabhas queedsherchy defduipg a glurelity |96 mouBdng i cal | y
conducti vy, t i h | i nt enna
compr s ngSesAafendine (R AbbGhEnbd Britihd e ok RS  BIR oF

subst ant imbuntingxaeedrea fiom thikresisy, tic bdie nfenbet beog sutstantiellypattandn, wherein
the I ength and. wi dth of tge first conductive po(gtion subs an%,i ally liein a
firdd pl £RBPTHRG AIBPSTaN IFhEPAIEEFddB Afirahsia an ga %éra%enemfiﬁyewwnpom on
having a (!R%f[!@% i&g%ﬁ@ aWh i uthal tl%%éﬁrﬁﬁ%‘s%&%re@%%%ﬁ@ing oM Hnews: Qfrathe
second conducti Ve portion, whérein the length and wdth of the second
conduct i wadpounplingpn2ss nixst RD addsyo Hieaipper surkec ofidie phserreernbat i s

subst anti arallel to,.the first_.plane.. The.seco ductive portion is
ol oot r1 e P18 dnF b rabinle ¢ HAL R RReY LN a RS R RS EprRanauct i ve
portion ilgophfenfaAnitiSiiAY o RsCRMBhAiveDorichaRIHGLd KRth Whd ag@nhehatan article
to which the RFID tag is attached. The RFD tag al so 1 ncludes an RFID

cireéuit eubgentiatlaicrgeedarthisknesd of thetfhiat dopdyctiaitertioa. tldicdsasith encawisdte pent
through ttggﬁlrs?g nfuﬁﬁveé“ o"’}ti{sﬁ) sﬁﬂs%‘ﬁ’ﬁ%ﬁ"ﬁ@%ha ﬁ%? 1{a e fid 1%%5 %f?t%%?aceﬁl%]o" e portion,
t he second conducti ve por I on, an 3{ e conductl ve sur 5ce (o} e article to

whi ch t hen&&dd? o REoridcontdt@blredriioh aviidl 4 RAEthlaae BvidthakatlsieBanitialla ckddedd pl ane
that is not substantially parallel to the electrically conductive surface

of the arthicknes of thosogmd/copductiypeertios2 dholasdead wedhoftharecondt ai | s of one
or nore %H@&’Jt% FioR subdtentlaNY §AGH Qe@nd phfik thaid QivkAndidl E‘éifé'i'g)at'ﬂ I ng
drawi ngs and t e%gelsoc rsiupt ig%r? gell OW. %(i%herp a?‘eat ures, o’l:l}jtl e@tl%, an agvant ages
of the i rfustyilaen Mielsecdid cappaatentpoftionns thetridebceduptddan tienfirstdecamductos, and
fromthe clains : . .

portion. The second conductive portion is also configured to couple to a conductive

surface of an article to which the RFID tag is attached. The RFID tag also comprises an

RFID circuit electrically connected to the loop antenna to excite a current through the loop

antenna to flow through the first conductive portion, the second conductive portion, and

30 the conductive surface of the article to which the RFID tag is attached in a current loop
that lies in a third plane that is substantially perpendicular to the first plane and the second

plane.



5 BRI EF DESCRI PTI ON OF DRAW NGS [0020] FIG 1 is a perspective view of an
exenpl ary radio frequency identification (RFID) systemfor |ocating a

pl uralitywofzoewtenkes. 100211 FIG 2A is a schenmatic pePSpaSLIga33siew of
one enbodi nent of an RFID tag in accordance with the invention, which

i ncludes a 3D antenna, a spacer layer, an IC chip. [0022] FIG 2B is a
cross-sectional viewof the RFIDtag of FIG 2. 100231 FIG 3Ais a
schemat i dOBEH Jpapethgecrypadiment, m&iﬂmg?q@ﬁ@ouﬁeﬁ%ﬁ@aﬂeﬂ (BRIREYBScmeggnimises

he. Rt DS Pt B R Bipu Ao B e i) SR ORI RLAIAL i g

rel ati onsImIiD tagt WheRFHD taghipelddacelobp apensethaf haan fast @adactt partiddHabingag and
a length of the RFI 100261 FIGS., 5A and 5B are graphs denpnstrating a
rel ati onshFpgt E@P@v@vé h g .S%%l&ﬁ@}é%@%aﬁ@@k@ﬁsaﬁ s FFS ARV S FOTRED D tag and
a wgdth Wh@s

dem)ﬂst rgltl} Ag‘%éﬁgﬁ‘?“{@gﬁ?ﬁe&r eco&eglgcﬁlzlgr?ﬁ meggﬁ%ﬁﬂgﬁgéggﬁgg of ar?hgntenna
of an RFIloop agemmncdcia iheuddsta smtoﬂd@@%t&dmgﬂor{@@ﬂ&]a Ehg@B.and AvidthdhatB ar c

gr aphs de ratin tion bet ween edance re

ant b, orBaR Ry scaed fisRhe S B RSP R ag 1 (BT g | s a
schemat | Gfihagam &ndacthRSIorich Sibstasimifyaic heslebsd p’;laﬂeetﬁﬁlt i5 m&nﬁﬁuy&n RFI D
t ag. 25[0030LQFI G 9 is a perspective view of an exenplary nounti ng nmenber

for an RAlaplichty tha&rstpreabl d5c s¢venREomluchye p@’tlblelsaﬁtlmcwéld cooplad mﬂkhstﬁaﬁu ally
non- pl anar, S 886 093 LB @R, 400, 2nd. HO8 UL UsHALS @Rogyepl ary

conf'i guract ]f8|p no re‘nd) Sber ?LBB@QT FHE “HEuRS ' 8 %F dview

i Il ust r atdoRguaive sighiccefanptel coNhigh tRIRED hels aatanmmtTh@g{m%mSOBO[ 0033]
FIG 11B.is a plan view illustrating an additional exanple configuration
for a nouRelndry andHiibY circupoleztially gormesdty thsiooprpgnete cAgEMAENE 12 is a

I I t
rember . il ] Bkl s FRRI e SRR, ol I R B ACLoRIBUE "0
manuf act wutfage (RFth@arttia@sto witti¢h e mnttﬁgg anectedrin b lsatrcreriady st fidsan REKIRI t ags

to be attache suhst anti al |
plane t at 1s s stantblal perpendlgillar to the first plane and the second plane, to output

an RF signal in response to the interrogating RF signal.
[0018] In another embodiment, an article comprises an electrically conductive surface and
an radio frequency identification (RFID) tag coupled to the electrically conductive surface
of the article. The RFID tag comprises a loop antenna comprising a first conductive

20 portion having a length and width that substantially exceed a thickness of the first
conductive portion, wherein the length and width of the first conductive portion
substantially lie in a first plane. The loop antenna also comprises a second conductive
portion having a length and width that substantially exceed a thickness of the second
conductive portion, wherein the length and width of the second conductive portion

25 substantially lie in a second plane that is substantially parallel to the first plane. The
second conductive portion is electrically coupled to the first conductive portion. The
second conductive portion is also configured to couple to a conductive surface of an article
to which the RFID tag is attached. The RFID tag also includes an RFID circuit electrically
connected to the loop antenna to excite a current through the loop antenna to flow through

30 the first conductive portion, the second conductive portion, and the conductive surface of
the article to which the RFID tag is attached in a current loop that lies in a third plane that

is not substantially parallel to the electrically conductive surface of the article.
6



5pl anar surface. [0036] FIGS. 14A-14E arc conceptual diagrans illustrating
anot her exanpl e process for manufacturing RFID tags with a nounting nenber
t hat enabwexoe2REI D tags to be attached to a subst ant iPalrlus2e00/033anar
surface. 100371 FIG 15A is a schematic perspective view of an
exanple RFID tag in accordance 10with this disclosure. [0038] FIG 15Bis a
cross-sectional view of the RFID tag of FIG 15A 100391 FIGS. | 6A and 16B
are Snit HOGHYrkhe der?alts of ppgat mateeen@ab@éiﬁwrés pbthginveppeyaiscet fofthtindhicant enna

designs. [0 }geln (ﬁancyja_@&‘ﬂle]d ?cr I%Rf‘so@ Q&& 815; ﬁ”p'e

resi stance an curves araneteri ze of slit

(LsLi T) ofdvaithgstodgheahvdritich.willha appuieﬂt&B)m ill(b&ikidnﬂ%io@%nd Idra&Angaj dnd 8Bmar e

gr aphs deFDnstratl ng exanpl e resi stance and reactance curves that

par anet erf$€late slit offset (Sol.,..Thl) of RFID tag of FIGS. | 5A and |
5B. §£0042] FIGS. 19A and 19B arc graphs denonstrating exanpl e resistance
and reactance curves that paraneterize the slit offset SOFFSET) of RFID tag
of FIGS. 15A and 15B. ZOBIUEZEDESGRIPMONSOEDRAWINGS: perspecti ve vi ew of

anot her t n accordance. with this |sclo 4 FI.G is a
o oss- sedDP AT, | v BB REED g cor iR SYGa R He sRtoR BN
2510045] LEbfa fgyﬁ;c@tm% DpviRlPeeOAcs del y used i n virtually every industry
to track articles and prevent unauthorized renoval of articles froma

prot ect ed082 & 1Gs2s b zaghamlatlcbp@rsgﬁcbve viswvatilong embedin@ahoeart RBHAfagRFI D t ags

used_ in such RFI D e teranu er_of .adye

orrdt e iEotoRce Rt Sy e By £ REIIRL, Soo i er S aBRIL S e
sur f ace. [5012]@1@”@3@5&1&1{)@5 mu@ﬂlamg:vb@fcﬂheamm@g@mmmtlonal RF1D tags and
the 30 el ectrlcally conductive surface of the article to which it is

att ached [RO331rTdGuP 415 rschemats pasRagtivedg v aingeather mbedimentgdraaR FIPHAE fange
over whi d is decreased. WO
2009/ 102%&%%%%%@?6@%&& I<?1100461 Thi s di scl osure describes a three

di mensi orf8024]3MG. 3B apa adtLswedoid aicwralythe BdlDeagofEdGse. ef fects to the

perf or man f suc s a decreased.read range, that arc
at t 19 but 4@5@@&%@&8@ 6%1 ey g@@?%@wrpﬁéﬂ@ﬁ @?%tgp@slgﬁ@ewnépé@maea? ly

Conduct!%éﬁ)ﬁge‘@%a%nmb%kbﬁ)a@éadtaqgngtﬁop{@q@qotlgat i's, unlike
conventi on RFID tags that utiliZze

[0026] FIGS. 5A and 5B are graphs demonstrating a relationship between an impedance
response of an antenna of an RFID tag and a width of the RFID tag.
[0027] FIGS. 6A and 6B are graphs demonstrating a relationship between an impedance
20 response of an antenna of an RFID tag and a height of the RFID tag.
[0028] FIGS. 7A and 7B are graphs demonstrating a relationship between an impedance
response of an antenna of an RFID tag and a feedpoint of the RFID tag.
[0029] FIG. 8 is a schematic diagram of a testing system for testing a read range of an
RFID tag.
25 [0030] FIG. 9 is a perspective view of an exemplary mounting member for an RFID tag
that enables the RFID tag to be attached to a substantially non-planar surface.
[0031] FIGS. 10A and 10B illustrate an exemplary configuration for a mounting member.
[0032] FIG. 11A is a plan view illustrating another example configuration for a mounting
member.
30 [0033] FIG. 11B is a plan view illustrating an additional example configuration for a

mounting member.



5di pol e antenna or other substantially two-dinensional (2D) or 3D antenna
configurations, the read range of a 3D | oop antenna desi gned i n accordance
wi th thi swoizselwsuse may not be prohibitively |imted wrem/ush@oBBic t ag i s
attached to an electrically conductive surface. 100471 RFID tags designed
in accordance with this disclosure include a 3D | oop antenna 10coupled to

an RF1D circuit. As will be described in detail herein, the 3D | oop antenna
i ncl udes [9034] 6. B ircrlen VWbt e A #eghes ckEnpie soBRgITafan for £ hat
substantl Eﬁ%a t hi ckness of the first conductive portion and lie in
a first p ane rst conductive portion is electrically coupled to a

second cdOO3KItHIGS. pdA tahdn3BaNisagteanl exagble wactswiddtnmnufeturbiglisi iBngal | y
exceed a thickness of the second cqonductive ortlon nd lie in second
15pl ane. Vﬁﬂéa flouatngRAMOEt: %Pnaglgﬁ&se BID agh b&r?t“ia‘éh%} aéwaqt@r&a Y §°Bne
anot her. IfayF 5@t is excited in the first and second conductive portions
inacurrent loop that lies in athird plane that is not substantially
paral | el [0836]HEGSI ﬂ%-léﬁc&rsmnptupﬂ dmgams ﬁhstraﬂiugz&mheexszimpid pravesdfer f i r st

and second canducti ortio for ul at e

Nt er r ogdBaTAy TR Ik s M B pgditine Misra E@tﬁw&%ﬁﬁﬁkﬁlﬁﬂi S
t he case ®hciedRassuNEatall gnbﬁ.@lanhpsugg@g her i nstances, in the case of
an active REID tag, the RFID circuit may generatea5|gnal "that excites a

current tIABUJHG KA sonwbemptiepgssneciionsicw[ad @4 8kample RREDMag sgadcerdenest i gur ed
such t hat %&‘6? ced on a surface of an article the first and second
planes ar'e ST ANty ?Iy parallel to the surface of the article. In this

manner, t[be3§]EGe 188 id herosdisdeathal vampot e REFID thb TG heARFI D ci rcui t
exmtes current is not 255ubstant|ally arallel to the article surface to

whi ch t hd 0811629104 apd | G REaSmith Chastnihat Blustraie sxreple fsgldmpedanse of he pl ane

in which oop of the antenna lies may be substantially
per pendi chv:agap%;ﬂ%g%ggﬁasrtl cle surface. 100491 In sone enbodi nents, the first

and secor[d040jridGst i ve apd)ﬂVB@fEngﬁhstdmOaardttmgmxampmﬁastamedmdrda&itamed by an
antenna material includjing one rtiaqn ni nti nuous

| oop® f or HTYRE e PRacterizh Ty lragt OfbdLreRes R%ﬁé %@gﬁﬁé alngdggmay be
defined byogy) qqa;isl DA 88 188 awgraﬁtﬁt&ms@m%ex%pms@an@é ﬁatréac@ﬁicky

conducti ve artlc e surface on which the RFI aced. In the latter
enbodi nmeruyves tigt @hrotetdrizaltheyslit \zi[ﬁs@ﬂiﬂ&#ébﬁ?o"ﬂﬂﬂ@]’ VagJSf (3) II9$ 015365@ Kdhduct i ve

article n he enna rial, define a dosed a current
flow Tt ideoluaf 2B SR e EoPaedfatimil BSienoiiiap inbenna, The
electri Caduh)és@m@h'ﬁ%ﬂe‘t’&lzé i A 8RS FRE) ANREMD B IAGSAN 5 ABMd filogm t he
cl osed Ioog via a direct electrical connection or via a capacitive
coup? i ng.[0043] FIG 20A is a schematic perspective view of another RFID tag in accordance with

this disclosure.

[0044] FIG. 20B is a cross-sectional view of the RFID tag of FIG. 20A.

DETAILED DESCRIPTION

25 [0045] RFID systems have become widely used in virtually every industry to track articles
and prevent unauthorized removal of articles from a protected area, such as a library or
retail store. Conventional RFID tags used in such RFID systems may, however, encounter
a number of adverse effects when attached to an article that has an electrically conductive
surface. For example, the coupling between the conventional RFID tags and the

30 electrically conductive surface of the article to which it is attached may result in a
decreased read range. In other words, the range over which the tag can be read is

decreased.



5100501 A "3D configuration” indicates that the antenna lies in three

di nensi ons, and referencing orthogonal x-y-z axes for ease of description,
t he ant ermwi@ 2bh@g102M4x- axi S conmponent, a y-axi s conponent PCRAUS2@903WL1 S
conponent. For exanple, the first and second conductive portions of the 3D
| oop antenna may lie in an x-y plane while the portion of the antenna that
couples the first and second conductive portion lies in the y-z 10 plane.
More spedPP4ealhiydiselpsure desgtinesot thegeedimepsienad 3P kleep aternbaichax edpet t i ons
nmy l | € aaldg&g E&gct foqﬁéﬁ Mahpeeomn%ﬁlj){a tiﬁ%hfakéﬁ% r@&gd?&ﬁq & giﬂ%t' ve
portions nmay fre a ong Fe y-axi s. e pogtlon of "the ant enna 1 ha coupl es
t he fi r stat@ibdtablaonict @aplin®bawieen thieR FADahfetd theyldctrtdalideomdueangtdifachat | i es
along the z-axjs and a wi.dth that |jes -axis. Sﬁch an antenna

| th
conf i gur &% WHehae RE D ggés Elﬁ%edcJﬁlﬁbﬁtum@sgggwnﬂgléaylimpﬁég% st yiligha as

15descr i beghib Ondobitd élf‘c{t%é?H%l@étén&aﬁ& Wbo-dif&sifal @1 RBDERMMGANTRYnORFARE, | N the

ultra high frequency range, e.g., In a frequency range 0O
appr oxi nehetopd 3@@emé gdhkelobp atvhizd dasgnappr axcorahed witld thys gatlesirz n{a@io) .

However, .ot her. erating, ranges._in the. radio frequency ectrum may be
Used. [ OGBHORPRBED up v HES REMP i el or Ganeatr N RS
di scl osurgragy reduce 20adverse effects to the performance of an RFID tag,

such as a decreased read range, that are attributable to coupling between
t he RF1D [08dy]dtid Datngedestanci smidopraspemiwih ithie disclosure encdwdeshil? tpapretdRPAD t ag

is aced. In,othe rds.. a, 3D..] pop ant enn fiqured,d accordance with
Lo 20 &P oyt 28 RER AL 2l SR G R A ek T B3 Dol a" S

when coupheddds Rt @ndGéthicqaktion IRANGUCIchy@ 84 ffidkehwliubgardialll kxswt at ai ni ng
relatively small 25interrogation transnit power of an interrogation device.
Rat her, tthiskmgss pf thedirstirapdugiive paeiontand ligin p sy plance Aha g gondustivexanpl e,
exhi bi t . T r i -oxi mat el y
3 met er sy S AR Rafl s 6la LA ARBLANATR RN B f GRLLLARRIAN' T0

t er m " r eabatrsabgaitiafig recallaythickiias sf tho sacondreonidhictiat pogionpead ditiimg seboatl ance

between a reader and the RF1D tag. 30[ 0052] However, it should be .
undé? st od&ar%ehgﬁeﬁgﬁpﬁéﬁcqnep s %erﬁug%m wa'faﬁghtowaﬁago Fr- g} @Bt St han

appr oxi makeliyy Qnd BRE andRRLBRY corRBctiNd forBEnsdR 3 CLBRdobNihhNi& iflagkik@sure, the
3D | oop antenna nay be designed to support any read range, such as a read

range of plesghithanotlsdbstyidial@arallobip et USPERONDBIBHG]1 Thepuoxrntaridd/inone

foot (approximately thirty centipeters), approximtel e foot to ..

noor ox, Al Aahsabebd et o S R RGBin bt et Bed R IBrbiing: o1 y

three metgis) thaffs bAEIRRLERTed PR RIDVHCIR! €f Yint (88 cARRH a(pdssprl RFID ta?.n In

approximately three meters). Various de5|82 paraneters of the 3D loop
{0t 8

ant éhna redlerbestengeu steedntleye epshpbyrpaciivd &l ¢ha REHRcipfuit Bihegaseatc a

per f or mange i r ades of e..qgoverned by the particular
appl i cat igna @l(rgt Shefics e gﬁgg"gﬁri’lé%pthgﬁ{”zdrn“@¥? Eor&egsrgned. [0053] Additionally,
t he RFI D [0o4B]dFHsERISIDO@S i@ figercdBdeH thetwiérd placdd onessilrfac® 6f amaréicidehaini ng of
the antenna by adjusting a feedpoint of the antenna. The feedpoint of the

ant enna if&stHe spedinldies atc suhtarialy nemllehiodhesiréice ofithe artidy- Bnibp i s coupl ed
to the a%ﬁﬂl@ﬁ the plane of the current loop through which the RFID circuit excites current is not
25 substantially parallel to the article surface to which the RFID tag is attached. For example,
in some embodiments, the plane in which the current loop of the antenna lies may be
substantially perpendicular to the article surface.
[0049] In some embodiments, the first and second conductive portions of the 3D loop
antenna may be defined by an antenna material including one or more portions defining a
30 continuous loop for a RF current. In other embodiments, the 3D antenna loop may be
defined by a combination of the antenna material and an electrically conductive article

surface on which the RFID tag is placed. In the latter embodiment, the electrically
9



10Thus, the RF1D tag may be nodified by offsetting the IC chip fromthe
center of the antenna to either side. Retuning the 3D | oop antenna via

adj ust i ngwoheo9werpoi nt enables the RFD tag to have a reCatise@dp3monpact
RFID tag structure w thout perfornmance degradation. In sone enbodi nents,
the RFID tag may have a relatively small size, e.g., approxinmtely a
quarter wavelength or less while maintaining a read range of

15appr oxiGeadedtiyc agidestfase aggt bgtastenpamgtesinl s%ﬁinélaw@eﬁémrf@r dEuIGend Alowi )

W thout tHg ngedo{ rcti{fen%lﬁgﬁssﬁgaéeea?cgs d%ga‘é(ﬁft;le %ﬁ%ﬁfeh 4"y eétﬂ?zﬁ%ﬁnt enna nay
further be designed such that a portion o & antenna functions a tuni ng
el ement toondwmitivh samfadergpd didnaecroh dieriAmiagrtoan tle dosed ipedaaadieét the |1 C chip
to which the antenna.is cqupled. As an exanple, the conductive trace that
forms 20tHEHB! FHYISCUM ¥rria2 FeBACINEICQWR e or nore slits that function as

capagi ti vgo4¢{M *Epeb Lfon”ARdiaeL A& the éﬁgﬁlaeﬁestiﬁ eraPdinRARoAN AN MRy

have overl appi ng conductive portions that nction as a capacitive tuning
el enent . rérancingrarthegomt ampk exestthecaso nlidesciipteornt, thwcamtdnnahas ar xexishe 3D | oop

antenna may include a region of interdigitated nductive fingers to
enhance tRIRORFHGH YANSSORBPNEEL A £ 6HF Y POICh LRI PRBICGIMEFERGRE ¢ uni ng
dement 23desidaidad@dtie Peffink BEthel STSRBERAARAAL May 1iBEn SDxlyqMMmANRIRNRR MBY
utilize nore than one tyge of tuni nfg el enent over| appi ng conducti ve

e' T . .
port i ons nemigoneoishé antefigB&]copples thetfirpigpndesatomd qogglmtls'o pdeivorlich avthe orz
attaching,an REID ta ch as t.he D.tag described.in this disglosure,
Fo. 38 cubdiafl e RS neaaihe Monelir s R n B0 AR T Fh Rl ot o RSB °%1's o
limted taorpStBe Wakhs MREIR: el of thelflistiang s@dank @eRd R E pHdisns By tiesthigbed i n
the present disclosure, Rather, the nmounting nenber nay be used to attach
any sui t db¢ ¥-arpi Dhe fgrtioy of thasenmahadicpyplpoie pirdpad seepd REBIONTHEOpuUNt i ng

of 1 bbed gl REHE T B oo R YPHBREHE s Tk bidh B B EfuRang o Y
across t haisRubh tagnteanpéanfighiatipn ofoufl ¢duas thetchatntdoep waciedhapamplarcrasm each
For Tai t achHIedHE HBAITAb R dHORD HoBaF Fak BRY Prrgsdl 4R Jrehided
(subst antdalbyc fplréﬁg%[ é.g.s'ﬁ{ h 8CGucntQPafzt o'f(h ro Din'aa%e@ 39@&%@%&\(@@’2 ew of

an exenplary radi o frequéency identification FI D) 5system I0 for |ocating
a pl ur al itb ypobxamdtély Besgdh2Az (GNz). cldd et ofldryoptating cdngss bahg radRFD syst em 10
i ncl udeséRFI D tags ,14A- 14N attached to articles 12A-12N and a portable RFID
reader 1 Te%@@hs%pgt%gwggw% ‘interrogate and obtain data from each of

RFI D t agg0d34! ABD(66) Aﬁ@ﬁﬂa\&hﬁﬁuféﬁiﬁi &R cbRfificoldith thiMdistieh e mbg rBdiccbe, for
exanpl e, both electrically conductive and nonconductive conponents. RFID

t ag80 14A-atlaprsealderts indhanerfermagegefrmRi ihtagi sichesas deeeasall ovig remes, thapxes, a
O Nl BRAS ST R e KERY o A0 RRLAN L IRl S RASHT o

al ong the z-axis. ogona Z"axes s are referenced

to aid deslgch fciRINDOGg ieadddl bh begr @brdsha SDdogCASIHa&onARdc@ie Not i nt ended
tolimt the scope in any way. A surface of each of REID tags 14A-14N in
the x-y pceerdancs vad) thissHeclosyre may priians onpossiblyi iBgraasepiss reofragd cHet i nes a

"cont act ﬁﬁgnfc%ﬁﬁlea'i&gn gleétﬁcﬂﬂﬁconductive surface while still maintaining relatively small

25 interrogation transmit power of an interrogation device. Rather, the RFID tag that
includes the 3D loop antenna may, for example, exhibit a read range of greater than
approximately ten feet (approximately 3 meters) even when attached to an electrically
conductive surface. The term “read range” generally refers to a communicating operating
distance between a reader and the RFID tag.

30 [0052] However, it should be understood the invention is not limited to a read range of
greater than approximately 10 feet. Rather, as will be described in this disclosure, the 3D

loop antenna may be designed to support any read range, such as a read range of less than
10



15enbodi ment, an x-y plane of each of RFID tags 14 is attached to the
respective article 12A-12N, such as with a pressure sensitive adhesive,
tape or fwearepossw2Aaay ot her suitabl e node of attachnent. PCH/USRNR/033671

enbodi ments, a nounting nenber may be attached to each of RFID tags 14. In
such enbodi nents, RFID tags 14 are attached to respective articles 12 via
the nmounting nmenber. 20100571 The pl acenment of REID tags 14 on the

r espect i \APPERiMgryone faot) (apprexgmily gty pereegies), tpprosingdeponafeot &

descripti : ' - ' I Lve: 14N vi a
radio fr e%gléo(r?\{l:ri}gt? E@%ﬁ geﬁgﬁdgf’@i“é%giﬁm% cteﬁg?le%iﬁtﬁ;aﬁ)ﬁ(&?ﬁ@g Itfé%g r?egeﬁ )bf RFI D
tag 14A an gagatdrehan dppfoxématelyesn ool sgeattothuid appraenfassigthetdmBetd) Vedslsr 16 to
associ ate, a descriptiop or._other information related. to article |, 2A with
REI D tag dfgl&ﬂ@ﬁ@ﬂmogih@ﬁg 'gon gnighes pay ??\dJaﬁe‘_%aYot iFaP & deriEAds ‘ﬁ%’r?rO,Af\f r eader
16 My DéohpeATRAbAhLelaAl i8N TR AHRL Stk Aoy R TovabORR LR RQRGSS and a
user does not necessarily need to utilize réader 16. Reader 16 may

i nt er r ogatpeli&FEoD foraghith thdBD trepenamnacg desigaednal 18, which is recei ved by

t j d wthi D t. 14A. Th i =Y typi |1
o i s DS BEERSally B ReTTeR GiBRarnts wh ba e R B R T Ve (e
RE ener gydcaMimah@ahe tnteynd 82 stih adBipoink of I ahtcBhsl Phd RBGIIINIQIf thdhe RF

signal 18 exceeds a read threshold, RFID tag 14A is energi zed and
backscat tastenng krethRiDcgtigmat wiigh i oviegrited cisewst (1€) cliip dudaaipled te the antdninde

informatign . r (sl { he,obj t.0 ich the i.s attached..This WO
2008 100 7R BEIR08 A5 65 Mo sdaf Aty i Ao oS 2E0EROLAS R 1
as RE si gmédnnd ® cifRakide.sRetufithgahé 8DNeoeaadngs/iRidjitingdhd fAddintcabblest
energy sufficient to power an RFID circuit, e. | C chip, coupled to the

¢ g., 1!
ant enna. thoBEHA taptgihasg p yelativigly cuppass RF I tagpdrugturgrithowt pefamepsice t he RFI D
circuit r . i f . ters the
nodul at eﬁgﬁg#é '\%gbﬁﬁgﬁla%ﬁggfﬁ%gg%% ou p%g%gaﬁﬂﬁll—zg?Zggtéﬁegggﬁgﬁ%%&&%’ect ed by
reader lGppidxémitesponmetcimayvaiansh ot leef while ikihRitiag airckeithngd € , whi ch may

match an identifier stored within a database of RFID handhel d reader 16 or
an FFI D rRREFERUAY %_é?%g(?ﬁ&r RSORTAtoNy § Brctert P@%ﬁeﬁﬁer)twg*%gﬁdwgg?%y

consi st qﬁc&g&dqéﬁgﬁme}‘t al of data fromRFID tags 14 to reader 16. Reader
16 may interface 10with a data conmunication port of the RFID nmanagenent
syst em f d00%4ritheriX kiop @nteofia thay durtet e desigine suelathet a pértianaf theenREnD
managene system .The user (or .an autqgmated or sem -aut onat ed i ne) may
i e Reestiog Adinide bR o abelb i AR 45 e (G5 BISBRATIRE Rel
reader 16¢adhip ewhies BRGkdRa RdodipleddAshd cxdinp R halcb¥@lcyive BRE Rht fARNE
articles 12 may pass in front of RFID reader 16. 15[0059] Wwen an RFID tag

t hato i ncltheldR leep anienmaraayonclade gpeoryapic skitsohpt finrctiones gapacitiye tuning
elements. As another example, the 3D loop antenna may have overlapping conductive
portions that function as a capacitive tuning element. As a further example, the conductive
trace that forms the 3D loop antenna may include a region of interdigitated conductive
fingers to enhance the capacitance for better tuning. Although the different tuning element

25 designs are described independently, the 3D loop antenna may utilize more than one type
of tuning element, e.g., overlapping conductive portions and a slit.
[0055] A mounting member is also described for attaching an RFID tag, such as the RFID
tag described in this disclosure, to a substantially non-planar surface. The mounting
member, however, is not limited to use with RFID tags including 3D loop antennas

30 described in the present disclosure. Rather, the mounting member may be used to attach
any suitable RFID tag to a substantially non-planar surface. The mounting member may

include features that promote flexibility, such as a plurality of ribbed structures that run
11



attached to an electrically conductive surface, the read range of the RFID
tag may be substantially reduced. An antenna of a type well known in the
art may bEOai®Doeiipol e ant enna, another 2D antenna, or @®CHArS2@@oassrennas
known in the art. When such an antenna is energized by an interrogating RF
signal, e.g., RE signal 18, the interrogating 20si gnal induces currents in
the conductive surface on which the RFID tag is placed. The currents on the

conduct i \aongariageass teddilP tag ehloifoefayias that pregpacedpppg fompeaghsthareast
partially C O i

D oe C]hg%{k?r%i &Eutgﬂlg% ;rﬁ {5 st%cgﬂ%&& %P{] It'eeﬂ Blﬁw]ﬁ){ atl: ‘?ur tﬂg ggoﬂrﬁhﬁﬁ%

ori gi nal rdtﬁﬁbegno uahued oirheagamrlfytshqiedt(htﬂ)smhelrhy\ﬂon maﬁa:lasm&cand reduced
overal | di ated by the antenna may. be red ced 25such that oes
not exceelastfﬁeF Pedd ¢ RFraRISENE Y Qi mﬁ%@ 1 e RS dgRfHifatiop ﬁ%FerS
rangg of P&@nﬁ'ﬁ' figr RGBY Pﬁ?alftggf'%g leSYER_ fi}@g otllQ@mBg)J Bags {#) Rpfisr ed
usel ess, , cannot be y rea m a us di stance. For
exanpl e, sasteﬁHIODntlagesn&E/ID)Egaﬂ4ﬁel@ﬁaﬂtaahai tooarticics l%lQNra‘nd(aqaooﬁablarRFeIDtl cl e,

where the arti Iel | ocat or des gnd uch that read t
bost ti ondavet dEeriER B S Mty ParoRULSa 55 e A RETY S30Ret or s) to
the RFI D uag(cBR6ANSE, SRFIMMLSS ¢&h). |Arfteal2 8RS bel fdr bXtndpl6 B0 clebtrithlg, fi el d
strength is reduced such that the read range is |ess than ten feet

(appr oxi reendugfivg ang nercondugtivagempaieniyR NG tape [ 4 [ Ntqgch emthdelsdemRh D t ag.

WO 2009/ 714PCT/ 009 33671 10 n_acco nce, W th.thi osure,
noudber . B GFeerEAGRE eS¢ A0 e DRSS REAPEE e atind p Rl

mtigat eshatis hﬁa@te@aaﬁg ok ztdxes. Priyréivgotlil XCHS 06k sehbwen WG h grespect to
reduced read ranges in the presence of conductive surfaces. As discussed

with ref delrmsced B @crlntlarhaf e iRF IR temelthisqschasure, ppdargmof wigdadhienna

i ncl ud £ th

subst ant i1 SboREa Y st B BRERL BREBGAIB &G0 M0 Wk ol o
a first pldpuent tdhie febpestiveandieciavi2peand definek & “edietadtsindadel aycacOUpbed to a

second conductive portion having a len nd width that substantially
excédd a ef"ﬂ@@l(ﬂ@gsapndf'ytp c9 eﬁtoofcRoFﬁﬁtfg V@Sﬁttﬁtheéﬁo disdetneeyGariclgecond
pl ane. The A i5§ts2Rds %@cﬁ%’lﬁes@hﬁ%@ﬁslﬁveeacﬁ%% YW @b Ftﬁraﬁkz lofler Tslﬂta%[be

another. A current 1s excited through the first and second conductive
por ti ons medesofaittachendnt) howrmetmnbddlmsnts,m mourttmgdn@h‘mmnayﬁw atfaghaildtp cach

The o i raEARBSREY! o stttk S0 BESE esPARORY ¢ rlrfiEer it Secona

pl anes. 10064 theThoundiRgln@@beant enna i s configured such that when placed on a
surface of an article the third plane defined by the current |OOEIS not

subg® ant i (8057 Twrpdadeaient of RIAD ey HCD@ﬂ@lIﬁmé@Vel@tl@iveéHth@abdﬁ HRg is
attached. reJt({% %8 rroeases\gé)lgtgla%nér pt10%1 %hftlrcfle PJABI 1th\’\{ftl1I %13 %(QIVG betné ! oop of
the antenna 1ies Ha af 1y Ser en W'ar P | cI e°surface.

I n ot her ModsN V(Hl@diMquhBﬂldyk(R@f) sigh@lstlblaﬁamessem@hlpe@@ﬁb Shcdntedt 6oNnduct i ve
portions of the 3D I|o agg 1antenna defi ni ng pl ane that is substantially
¢

per pendi & tag d4 6 agtiele 4R capbleseaser fq u%lwdtaadlb‘%d BRH2readsbld tohowever ,
h h h
that the §§§ AROP d@&ﬁ@ﬂ@@omxﬁﬁﬁf 9@%@& fetiiatéd‘tgaa?t\( ggﬂg%ﬂﬁe Cur% M8 i@ the

article surface so as t ane ent | oop of
t he23D | Ripsigndleh®and $9 nbit armlteﬂtaaamtmbddlmemareadd:re% hay bdnmcanpbraﬂ:éci'ﬂnmmf ace.

automated or semi-automated process and a user does not necessarily need to utilize reader
16. Reader 16 may interrogate RFID tag 14A by generating RF signal 18, which is
received by an antenna disposed within RFID tag 14A. The signal energy typically carries
both power and commands to RFID tag 14A. RFID tag 14A receives the RF energy

30 radiated by reader 16 and, if the field strength of the RF signal 18 exceeds a read
threshold, RFID tag 14A is energized and backscatters the RF signal 18 from the receiver

modulated to include information regarding the object to which the tag is attached. This
12



10062] In sone enbodi nents, the antenna is defined by a two-dinensional

(2D) piece of electrically conductive material that is forned to define a

3D | oop. Wheo@/wetini cal |l y conductive material has a | engCh/tseaomssvh t hat

substantially exceeds the thickness of the 25material, and may therefore be

viewed as 2D. Wien forned to define the 3D |l oop, the electrically

conductive material may be viewed as having a first conductive portion with

a | engt h tagkpcaiteredh sigyalngrapresanted psklG |l s R Favignad 18 e dbads.dbaafernacaablss t i on

havi ng a j ' &N [ iakly

par al Lot VaTHRd 1#RHo thRE A DRHER RTEARELPRRNS chlBh o IS EOHAE

ant enna its tlebednter@d. by a 2D pi ece of conductive 30material that is forned to
tion.of a |oop and a conductive surface to whjch t RFI D t ag

define a r

is attac B0 cFiniRedy g SwoRs RABF OpMOrhieoTHaYs, PRI %Céﬁée%?é]@%}%@ét i ve
nat ef | al I@I@H@léﬁ%&ﬁ)réati@r CRHIULEL 8 SHH ARSI Red ﬁgﬂélt\@@thé Qnﬂeﬁﬁ’zpto oul?llg.rt_
coupling may "be an WD 2009/ 102714PCT/ US2009/ 033671 el ectrical co i ng,
e.g., a dinrRictespimssitcht detaed by walerclkon nBetresponscomay poresise of aroRBHM 6t ©
coupling..,In.this.manner t least.a portion of,the el i cal conductive
ortPol o ddrisien Ty maedtm 55 i Bt e Lo S ISR op "ant enna
forms a ghagedeel ke RFID Trﬂh'hﬁg’egﬁbn\ﬁ/@%s@é}n ehRGhéwER|AlGdtRREy, BRNEipIHUSLY 1 ows
when the 3D antenna is energi zed by 5an RE signal. 1008h] I n this way,

unl i ke diqoosist Arthotrinsmiteeh ofdete dreas RIED tageidwm réader He Readet H why eterdager ent
flo in a.plane that is .substanti arallel to t article surface to
uht &b ¢ ettt AR <o Bhunl BudinBa St Bl RamPls i ReidBe AbinbGe S ha
the 3D | qhm b esinie iRen arkiXpe RFED e@nhpenad yaitar. Th asdrsoddnt sutdrbiitadpl e to

an electrically conductive article surface. 10The 3D | oop antenna, for
exanpl e, QragmidttomRisdmmache) may yhieaRFIR reagerd) hiordpetens @aaote aHidcsiten

attached . i g 1 n I I uctive
ot ol o e AR e B e b BT T he
3D | oop anmtideni may passdu €eni oERIE Dereaderits i n t he conductive surface that
enhance the_r ran of the 3D | oop antenng, i.e., create a .

ol odt r omdgied @b & BE0S et %tﬁgal»l@ﬁéﬁn@@reyn%aﬁ% 06 “thknor 18 thfetbisat ed 15by
the 3D |0a@rﬁcl?c'att§'aﬂ%lecfm§fl¥ bSndudiesurfige, 3 1R ParBRLE IR D taf nflyRCt cont act
or near contact with an electrically conductive article surfacé, the

articl e substagellyaydumed. As aategnooftypk aed knloah imitheragt mapbe h BBgdpole

el ectromagneti c denepts near it to the orientation_of RFILD tag 20
el at ve T hemORRUAR AP TE e PHICE Db ke PGS ET Al an FIFHIGS, 24, 28,
3A and 3Bntdnh€ id8rRr@rRthyodn ihi¥RGest F 6ighaldees RFigfa@ g &he (@ rddagh _
radi ated by 20t he | oop antenna, but instead, enhances the field radi ated

by ehe 3Digngbmduersenrants Thihs condustist swface oalwhick bdifdbitogisarleded) dhsur f ace
mrrors the gleglfd §o%'d SN S d ér%{]{‘e 09 LU ettirc“?’eﬁ{? ﬁﬁ?ﬁeﬁ% Ea’&&a.
resultingin a "vir ual“antenna af" s appr X1 et e y tw ce the size of

the 3D | qupidRtansds thEfRlds\prédudad b fHetinbanal Ma¢ bstricliviesudfact dlepnapt enna and
the mrrored or inmaged current |oop. 2510065] .Regardl ess of whether the 3D
ant enna iQugfdhf Hapedsycoighearcyta te shidiulsem ke originglidgsigepalyg. Fheplfof of
conduct i i i | I 'S
pl aced, ﬁﬁ%gg%ﬁﬁgogegﬁﬁg%ﬂgﬁﬁgéghhﬁﬁﬂfﬁﬂﬁ2%ﬁgﬁgg¥@%%@g%§§gE&ﬁ?f%?%ﬁ% in the
condact i waclsthaf adecd tatexceddled wad Heedhbkidbfche RFHD tdpy 1h loéhee wiordsnthelreab, 1. e.,

Al TN EREC AN S N PR
cannot be read by reader 16 from a useful distance. For example, an RFID tag may be
attached to a conductive surface of an article, where the article is located or designed such
that reader 16 cannot be positioned closer than approximately ten feet (approximately 3
30 meters) to the RFID tag because of physical limitations. In this case, if the field strength is
reduced such that the read range is less than ten feet (approximately 3 meters), reader 16

may not be able to read the RFID tag.
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30 created by the current |oop forned by the 3D | oop antenna. Consequently,
RFID tags 14 may have an increased read range greater than woul d ot herw se
be possi bWve 2eewt2ather 2D or 3D antennas known in the aPCI/Us2e00083671
significantly increasing the transmt power of the WO

2009/ 102714PCT/ US2009/ 033671 interrogator. The read range of RFID tags 14
may, for exanple, be greater than approximately ten feet G& reater than
appr oxi md0868] I8 ageardsney withi this digsdosprea heweer prger msre phBE] ?aérs A6 dealede
remains r el - t b at ot her
read r angagisﬁgdroéeaggeg g?@?‘ té%aﬁéesratZ%gtlrgﬁﬂg O&égﬁgﬁg%égggﬁch%%u E&E’f VrV%élgd range of
| ess t hancgepipoexdurad eday ranpes frott ptapprcoficondietiye tinfacty. Aedistumstédwith and a

read range.of approxi mately one foot t oxi mately ten feet
(appr oxi HALENFe m@é_, P LSS dﬁaﬂa%ﬁ%%ﬁ\%ﬁa@%ﬁeyn% Hebdcwe ey s). 100661
FI G5 2A 13 é&@%ﬁﬁidnqla%{%%ﬂ%g th Yfd Wit s@LeBNaHIPL & RFL %i&lﬁ&s@@fth@%t

i ncl udes 3D | oop ant enna acer material 24, and 1C chip 26. RFID tag
20 is pl dostconduaiveipottenlddlicfinedir@g$landl (Thedyst cooducsivopnrtion iF¢I&trizgdly RFI D

tag 20 may include an,outer .l ayer. that. hel ps . to protect |1C chip 26 and
antenna 3ouplRin e soaneandiea it BVun g B adRBh s R GRe B ayer
may al so HBidkhelsSf iR R4 PdhAE@FL pbiidhting 1#8n aRECoIR plARP TABRARAI22 from
physi cal damage. The outer | ayer nmay be formed of any suitable material,

such as acednglirdanpa ey julibtaiitéally, parglehpsonsrangden m eyrrent 1sexcited thspwghrthe er i al
(e.g., p imde). In other 15enbodi ment t ut er l.aver al so extend
et 5 oM Bagonddafidih b RIRBEL FERAT ookt B A Bl RN B, ) &
chip 26 issbehebllyipaalleytoahefitseand cdld plaag. dAkEms as2Acyy, theahROpiane neRds 48A
and 48B of the 2D strip of conductive material that forns antenna 22. For
exanpl e, becubsppiafy pgipndisulepipfhe firt gndiprcenhalapss. i . e., ends 48A and 48B,

ei ther di I | Vi

i thin rePEF It Boalcn i BRndired A AR R o T G B 608 1
chip 26 rhy thirdglladelctinedivparie andhoboeismotsilisyantiollys pankelwd thei antidREkidficag 20
uni que identification and other desirable [.nformatiaon, interpret and
process éa%ﬁﬂd@eﬁ*e“i Gl aftp tﬁ%_sqrm EPPRAEe ST A 41 HURIFE MPBRELHG t o
requests d,0tnf B6QbMMELARNEY 1iERay? B ﬁIb@fahHQﬁIIi?elrorP&ﬁi&ﬂar 16 BRAgfcId BufccFl G 1),

and to resolve conflicts resulti'ng from nult e tags responding to
i nt er r ogdniogher siomdd, bammey $hiyk obt itlonlaldsses of Gaahmfph@@ndaytiveeoresparishoe t o

d d/writ ting.the inf tion st in. an int |
menory as ThipBabn b befuies §BREs RNl S huk Rl mrnen g er ke Rie Rt egr at ed
circuits siidubbeuddRistdte hbWeldk; thlditRe 36 1@$CF b dAatrg; Bloridheddutl @ny hRsBer

avai |l abl e from Texas 30l nstrunents | ocated in Dallas, Texas up@e. , the Gen
2 1 @ | i nachiivpioobaerts)e suiere Selone enthedhiod planedefined byrtheryrainglaop, of the

Net her | a i. e |- N f: ST M croel ectronics
ocated 1D Rafienmd el st anflio ) AEAEEAL sy ABE DTl B Pag 50 1o
descri bed0062]ilAcbiidichBoditndnés, el fpten@h edefiREd By aitwedithensidiay (2B pisedfi n

addition to, or instead of, |1C chip 26. For exanple, RFID tag 20 nmay
i ncl ude lectiigadly condustize matapial that isAgymedtn dgfiganiP lepn-clihe clegiicadbher " RFI D

i dentifi C@Fé?d?g%}nﬁg%fhlﬁ hadd leﬁ%&%'i{ﬁiwggﬁl: t04} sh@ﬁ&ﬁ&il%ziegée%g?% &hi@kﬁé&?o?ﬁh@”p' €

shown in oop antenna ncl udes a conductive
25 material, and may therefore be viewed as 2D. When formed to define the 3D loop, the

electrically conductive material may be viewed as having a first conductive portion with a

length and width lying in a first plane and a second conductive portion having a length and

width lying in a second plane that is substantially parallel to the first plane.

[0063] In other embodiments, the 3D loop antenna is defined by a 2D piece of conductive
30 material that is formed to define a portion of a loop and a conductive surface to which the

RFID tag is attached defines the remainder of the loop. The 2D piece of conductive

material couples to the conductive surface to form the 3D loop. The coupling may be an
14



portion 40 having a length and width that substantially exceed a thickness
of the first conductive portion. First conductive portion 40 lies in a
first pl anoe2d®A0211m the exanple illustrated in FIG 2A PCirruskooploassel 45A
lies in the x-y plane. Loop antenna 22 al so includes a second conductive
portion 44 having a length and width that substantially exceed a

10t hi ckness of the second conductive portion. Second conductive portion 44
lies in e?l@éfé%‘hGOlmhaﬁee-&-SBdtfPﬁtPhV%C%@E’@tﬂe@lﬂll FQANptionapid dpctiamagnetss pl ane
45A. Mbre i ficall I i [ i.akly in the
oy pl an R s S EARE BB AP BR Roop By SHESEAR ML o
conduct i ermothti3dnlodd anteanaC dndug taseethp G loop an#éZnafodmd 6 clobbdisircuitonduct i ve
portions 40, 42, 44 and 46 arc electricalJly coup]Jed to forma closed | oop.
I n 15somenioNER diidRIcctrica ﬁwta@%tice%ﬂrbwlvgiwszm}en 42?912&}1%&&%118&@%&7@(1%& med
froma Shﬁﬁhﬁg%EM§trip of electrically conductive material wapped around
spacer material 24 to define a |oop. In other enbodi nents, conductive
porti ons [0004]42 thid 4ay amdiké 6lipras obathersdd2 atbnmas veel lt knamnan éhe2ddt sitwhiph [ 0070]

The exanple of .FIG 2A illustrates .3D | oop .antenna 22 as hein eneral ly
201 cot anguiaR! O COMAILE > U5GRE R ORETABe! Thg1e Hacle sHings abfsinia®

r ect angul AtenBRACLtabNAL tHeSSIP 10Bp ladithhals|arichick|sgch Yt HB3PAboRAEAAEhay Aot
Conductive portions 40 and 44 arc substantially parallel to each other and

gener al | yexgefignge thy agvsrse tifedipattnihgatdeta anl ¢lgetriendlynegdiciive howhe sutaduct i ve
portions 40 44 have lenat h, which is. neasure l.png the x-ax|s
BT dbct o M5B RaGANE o hERRIE malHl Pul TR UG n R B b B P e
exanpl e 2ahdd whd atacked to o bEitidfsd i6 aBaDhiaewb ah cRbtriddllpeshdoomdustitiv e
portion 40 have the same | ength and w dth. However, in other enbodi nents,
conduct i verfaes tRuberaphemsnenaizedbyet infaiEagatemBh stangk tsotl? foon aaenng BYuct i ve
portion ﬂﬂg . Cli I ti ipon 44
may be mﬁﬁgg%ﬁﬁggaéon E%Pﬁ@g&ﬁgﬁgg%ﬁ&ﬁ§&%@g%%ﬁ'ﬁﬁﬁﬁ%gﬁggr 5ﬁﬁ%bﬂﬁg%bbe

wi der t hamtanaaducicraste polettranaghdtic 86[dabat thnardudy iadds tpahd fioldgecddamdd 46,
whi ch couypl ductive portions 40 and 44, define. sides of the rectangul ar
| oopP t hatbvahe DB arimal IQT;}lab’ér?SE%‘ihE EigalPOE BRIERIS &t HREt GAMEGIOREHO and 44,

and thus plapesiftad RBGicAPPomdudSR AaciRRGAL, AarRUOARE hally faral lel to
each other and each have a length generally equal to the herght of RFID tag

20, whi clgrosnd@asuthetdnatangr inkgcy clastr@anagBondeleticrts nparit.i Bnstodic and 46 al so

have a w dt h neas | o he y-axis direction. In so enbodi , the
angt - arfieon ob kT IR s e i O snaduss e e lksihes SUBLSERET 41 TH S ar ger
than a thighmesa Hi IB)end QERAEA bVienape® Beke& Y& RAthiRNehe fleRPrhdlated Byhough
described as a substantially rectangular | oop antenna, 3D | oop antenna 22

of RFI D tthg3Pdoemsntermanbdiingtead, enhencestibe figp radieiod apithenta lovp adehinpes a
greater f ewer, n r.o i. des.. us. t aki n di es. For
et e, TS EIeDBBEY o i oTarth sy 0 A NSl SR IRS e &l o1 10
one anot hifough tHeBT dbiavenpP FdsulBing it i alldddnaathanBtappxafisyanideal | y
parall el to one_anather or both. LOOZ;L Regardl ess of the nunmber of sides,
however, tBesigeebths 30apR antoniegyThey iystushentamay iydedasdha3R lepperntengagnd hr ough
whi ch el J: i usly flows to forma dosed circuit when
ener gi Zegﬁ%f;ﬁ%ﬁ%&‘é?gﬁ%glcﬁﬁgﬁtg@éﬁ?RF signal 18 (FIG 1). In particular, 1C
chips 26 €R863]dscgardiess oénthethhr tiagid anaohiadt defecd biytai poere of@pndiizfivdmatonl 46 i n
20513{;:? In E;)élbggfﬁi%cgarpgf cé?dcﬁ% Imglzp%g Q}{c{;legco%ld?lgt?vedfs%%ace-r QI? wﬁycﬁlrtl?enﬁl:]ﬂg?a% ig hrough

placed, the 3D loop antenna does not induce an electromagnetic field in the conductive
surface that cancels the field created by the current loop, i.¢., the 3D loop antenna. In fact,
the image currents induced in the conductive surface create a field that enhances the field
30 created by the current loop formed by the 3D loop antenna. Consequently, RFID tags 14
may have an increased read range greater than would otherwise be possible with other 2D

or 3D antennas known in the art, without significantly increasing the transmit power of the
15



is represented in FIG 2B by solid arrows in conductive portions 40, 42, 44
and 46. As illustrated, third plane 45C in which the current loop lies is
not substwotneldogy7iparal lel to first plane 45A and secon@Cplisa@943i871 | n sone
enbodi ments, the third plane 45C may be substantially perpendicular to
first plane 45A and second pl ane 45B. 20[0074] In the exanple illustrated
in FIG 2A RFID tag 20 is configured such that when placed on surface 28
of arti cliaegogatphellfq read raﬁgaﬁéRﬁﬁlx taghd4 segefrd eps@ranlé bsgegtecthaybst antial |y
par al | el at

defi nes taﬁ?&%ﬂ%%tgﬁée‘ig%?{%@%%ﬁg IF l{ngtetl e? %1en ﬂe t ‘Erra&%u é(?\g&sc{ﬂ]f ace
28. Howewubke intérh%a’mraﬁﬁ&'nslﬁa@a,tlvé@&oamnﬂﬂﬁhmj,d Mumerwudeﬁowme@ttharotma tions
such that third pl ane 1%\ E’ 2(£current | oop t hat deflnes the third
pl ane 45¢¢a TS fhtC?t £11 S} pRICAeREranges BPleh Eeaddrhescl 198 T whi ch t he
RFI D. t ag urface 28.
Tha'lt:)5 IS, %Er&gﬁé%ggﬁ&enna Zgﬁr bJﬂlmaftég& g@{tgg%@gﬂétﬁsﬁl@dmc%ﬁé gggf ion such that
pl ane 45@ppmxmoiteluinstiastttd aplbry)xmmtd}y tenl fetto(approkiphately t[hlft&(centﬁﬁeteﬂstto may
general |y be desi Zﬁl e, however, to orient 3D | oop antenna 22 such that

pl ane 45@pPE°X§HBt§y ]EeeéIth?V\ﬁer pendicul ar to article 30surface 28 because

thi's conflo@sl)atiGOPA By schemhBY Berbhtiv @l BRI dRKEMPRITED (6 DO Mt gt ’fds | oop
antenna 22 such that@gl ane 45C i's substantially parallel to article surface

28 may noiD la0p20©9Nna B2 ApARCTIlGR2H2Y/0836 Thihds. dREID @kl2e 1@91@@@5@ atieh a
conf gur at not i art| cle,surf
consé ruct veﬁ/?g) cf%l ﬂ%oélg%l |n8f1310§vélnlgr a?cfdg by ?% 28 ?CIH%G alb(ﬁu g gﬁ‘ﬂArti cle

surface 2gigyay phed 1QIcBNAG6 Hid aheAn L2 MBI édnﬁ?frﬁl‘ﬁ@nt@fsuaﬂﬂa%ﬂw&hﬁlenﬂan t he
exanpl e shown |n FIG 2A, article surface 28 is a pI anar surface. In some

i nst ancesiebnat The ertcislayerapyy 3 basrigd te pelerroted Cyrhyotfiond 31 bopenianpal | such

as, but t | u
et | o e SrL i Wima g e ol TE ) R e U9 SORRE kil TN o,
and ot hera nigt efataiad (¢ faglasy @ cetaadity orcafldxyble anatkired (og, pdRFinkddé)adn dtheray be
attached tq t tide surface 28 by an adhesive (no wn The a he5|ve may
be fior mecd HRYPLSURT ABPTE AR 41, XA Shreil e %‘Hﬁch))?”ﬂ Hes gromn ?,tﬁllyar

appl i catiQg,LqafipREdBytag 20. For exanple, in sone enbodiments, the
adhesive may be a pressure sensitive adhesive or tape. In alter nat e

enbodi merf0867]RE!l ddip a@iszﬂ)eqmmallg@oaplbétmﬁﬂ laap aamtenni @2 veusfpasiee @8ls Wl Ahnd

ti t abl f ttach . FI GS. - 12, .
st 2 B he 20 St son B R it ol R Pyl RGN 2 PRI A RBIDAS D ¢ ag
20 10 2 GRAeERaldfIaaDapkARAL2. SUL LASCISABIORIOLihe AMKICos ufEl Dl 8g 20 may
be attached to article surface 28 such that 3D | oop antenna 22

el e@® r onegPreoy e lang maythsreaghedded withiarRE1E) teg 20 of a@@ntzé as p quifdag mayntedy
CondUCtlchevﬁgra?ﬂ%i may be used to attach RFID tag 20 to article surface
28. As a resul en 3D | oop antenna 22 is energized by an RF signal,

el ectri cgboes] rIC&Jhﬁ}S2@\/hia9 ilﬁtlwdetfihﬁ{vears ufid/acEircdBrymyst@o hamieR FiTe tafgizﬂ d
radi ated by antenpa 22. Eal’tl cular, the current excited through 203D
| oop ant éwwezéeqtﬁmfwsa@r@ Grdepisrbie mRTMaHPs, 1B1TRIPY andInEocs ST @%@a@t@ on whi ch

the REID E@EQV dsfr(ml@f?eeiqterf %Emcgﬁce Y Ciﬁe%n@f{) lf&gl%%tlg Etﬁtmifohﬂ e 2 Eg

conductive portion 44 may rent on ar e sur The
cur eent iinguogdoofe. ga,rrbadrlr%snﬁFI(acle éiﬂitosesoﬁmmﬁrﬁeﬁsulﬁnffr@m rﬁﬁitﬂpyz t he

dashed arrows WIthln article surface 28 077] . The, i.nd urrents on
article JBEYISRONIBSLYLHtGHREEAN &) PP%‘?%B’ne(?H’ttonPl ?élh'& ?ﬁ"c %e

responsive to commands (read/write) for updating the information stored in an internal
memory as opposed to merely reading the information (read only). Integrated circuits
suitable for use in IC chip 26 of RFID tag 20 include those available from Texas

30 Instruments located in Dallas, Texas (i.e., the Gen 2 IC line of products), NXP
Semiconductors located in Eindhoven, Netherlands (i.e., the I-CODE line of products),

and ST Microelectronics located in Geneva, Switzerland, among others. Although RFID
16



25conventional antenna configurations in which the induced current cancels
at least a portion of the antenna's field, 3D | oop antenna 22 is oriented
such t hatwoheoswmnemuaed current on article surface 28 doegCmatS2@a/083sh71
portions of the field radiated by 3D | oop antenna 22. Mre specifically,

t he i nduced current on at-tide surface 28 does not cancel the field

radi ated by 3D | oop antenna 22 because the current | oop that defines the

third pl da229 & deseritedss braluding an 14 chiaretherdf FiDcirayirpman be yseddpppditiensur f ace
28. In fagt, :j ! C fi r.adi . a 22 may
ot ual 1 y Beor dhfle BRI i BB F5: bl RepLAChOLER WA SGRE AERET
articl e suvedSAWSanuszahiy difeeit,asriohdr RHIDridaftif3Ridrodpmartt emen2@natlear WO
2009/ 102714PCT/ US2009/ 033671 exanple, article surface 28 may act as a

gr ound plt ﬁ@oﬁhat mrrors or images 3D loop antenna 22. As will be

desct T bedogh Mk AShHd i inFIEPECI3 RoblyfenPr2 IIRILYS S ohfiRtyd OF Med
by 3D I oop antenna 22 ‘and electrically conductive surface 28 define a
"virtual rentierdbHavitgd lengthagnd vorihhatestanmtiatle ekbeedachigkhess of thedirst3D | oop
antenna 22. That is, t 5magni t ude of f.ield creat ntenna 22 is
ppr ox maeRyF NP Blased o gaaayRpopren db i p Sy R hEF SBT3
antenna geEARIId RFIOEIA, fBiPihd 45 A R iafilie XY hilBbp apteRid 21 Alky Blcludet m t ed
read ranges when attached to an electrically conductive surface. The

el ect ri cal seeend eomdyctiviedweiean 4hhaving &leagdhuantl aodthaBatisybgmtiay gxeasti@nna 22,

ho er, .enabl e | D tag 20 .t 0 have. and ncreased read range.conpared to
Tomhy ot ReFremobfhs Satst s S Beiofr ssEi S e Pret APt ERTR Rl o
resul ts desmsl @bi iDguishatibBRgarh BEIge Sirdt planBELR. tM@S spedifitalky, §ceomFplehd ag 20
are presented below in Table I. 100791 The | ength LANE, wi dth WANI and

hei ght H&B dso ke ip substantipln inthe x-wpking eFiss cardustve portine Al aselcetriealt f ect of

t he enha i . . . r rds, length
LANT. v A RPALE ERBE P netihl 2P PiadBh AR porichE 42 300 HE T THE 05 T,
a parti cuoadudteagortngd0.0f2, 3Dahd dp arendl @mrieal 13 2Zonplyd efoomta doseddogt Ta
particular range of length LANE, wd 1, d height HA 1.  In_sone
enbddi menPgl e e R PR i4?ﬁ>‘%iaﬁé?‘3§? o FarchBeslf 2Hesi gn
par anet ergyjl Gﬁeléﬁﬁ&ﬁg doANTctRRYNRE 23 %Jr@[ﬁieﬁ%&ﬁdQﬁade?nﬁte&ﬁﬂgﬁtoo&eﬁne a
approximately one quarter of a wavelength to approximtely 20half a

wavel engtlbopf Intdikergpeodinaengs, Comtpeene portibng 4y 42044, @sd AG ngiy/Devrirdead naare
exanpl e, éhe I tp.LANE may be selected to be in a range of approxi mately
0.5 inchd ml@“%g%?S?inately 6 i nches (approximately 1 centineters to

appr oxi mghere] R &embldBHrRGSIA ilhREatds dbhoditedR208 M3l genbRIISE! ect ed
proportional to the [ength and/or with other EU|deI|nes in mnd. Again,

usi Ay 913crpsudar legp. ekendyreve pardons ARARE. 4faynded delfinect watapgulswaeaihgels of
: "B i el . . > . |
P et B fug ldRISaded BRI TEORN e PorkBET AT AP RELS KRy S

| engt h angraMctiiochcadh otheadgsheilliy\dRefipOsitlesrhé hedstahaaly @Brah@@pr l@0p.enna are
substantially | arger than a thicknesses of the conductive portions. In the
exanpl e i¢andaetiverotions 49 and 44 have a fengé iwpachyis maagied plogg dhessariave a | engt h

equal to cﬁlt&ﬁ&ﬂ Ankl QQ\QH@, LAN iondadrd e ?—gyﬁldigegti(ﬁptlﬁ'?ﬂeaexample

25 illustrated in FIG. 2A, conductive portion 44 and conductive portion 40 have the same
length and width. However, in other embodiments, conductive portion 40 may be longer
than conductive portion 44, conductive portion 44 may be longer than conductive portion
40, conductive portion 44 may be wider than conductive portion 40 or conductive portion
40 may be wider than conductive portion 44.

30 [0071] Conductive portions 42 and 46, which couple conductive portions 40 and 44,
define sides of the rectangular loop that are substantially perpendicular to conductive

portions 40 and 44, and thus planes 45A and 45B. Sides 42 and 46 are substantially
17



30w dt h WANT. Exanpl e thicknesses of conductive portion 40 and 44, as well
as 42 and 46, may be in a range of approximately 0.00025 inches to

appr oxi mewel2909002A4i nches (approximately 0.006 nmto 1moj/Gseal9/0sasre
preferably, approximtely 0.001 inches to 0.01 inches (approxinmately 0.025
mmto 0.25 nm [0080] Height RANT of 3D | oop antenna 22 depends upon many
factors, including the height of spacer material 24 di sposed between

conduct i argist to eseB othor anicagh hayes wheth Enegallieqyjo te hswhpet REIR (30t hat
RFD | whi ch
tag ?\%891? §s[g grce afl rg‘fﬁglz_é%c%n Uoh&%*\zp}éoﬁ{oﬂg‘ﬁr Lhd 96§ 8‘1&5&&?}?%(@ to whic

RFID tag &d, es signi |ca
articl e stedaecd alig tRF&@xis&@;eatﬁbmﬂd/smheantbedmaen&Z tlmalynglb aﬂdﬂwﬂt&h able to

damage. ht . HANT. may be s | ect such that 3D | oop antenna 22 does
not int er%g t@F@ﬁﬂﬂﬂéé%@@gmqﬁu zfiléﬁfrgerttha@a&}@qeﬁﬁ %@E%reap%vm ty to

RFTD; t ag 2 uﬁ@e%gﬁﬁ;ﬁgrrpl e, height HAN | 10may be in a range of
appr oxi mate 2 1nches to approximately 0.4 inches (approximately 0.5

mllinet e[ﬂ@72z]oAl&pxougb)dem1ﬂoe<ﬂ ¥s ambstahtlaltseteetasgulaﬂ toop hughich, BB looplentstmod t hat

th hei ght bl t t th

815ekn-lzelmhgtﬁg8§%ﬁﬁ o RBr e i A Tl RS AR & Rt %Su%fr and for
oper at [ nQG$v5@ﬂHﬁ6&'0?§1dE§$1§Jsttﬂ§ﬂg 94 aifdrint Sﬁeﬁﬁs | F&gixﬁm%@—&%'au@ﬁde {5&! I at
00 a

, crease accordlnglé Therefore, it shoul d be unders
t hes e val ﬁigﬂe@d#énmwlby sebsganbiady paatidl telooe kuebthetorisenduckisa persions A2 tiichg t he

scope of sgnt i.nvention her although it is

geng(‘r?al I y4f6cr8arl?g|§ gﬂb%%nsnlar Xlglarall]eﬂp % %}‘%W 6110 be as small in size as
possi bl e,[08F3] RdpagBesd @S ee fa@tbet Bf §ildss h6lv&@, BN fodp afiteha 23 niAyIsbbdiagiaBP, may
be constructed of any size suitable for the applicatian. 20100821 Spacer

mat eri al dEAngaylased foop Hequet W&l@&lqcamh@lé’fqnépmmuau%ﬂewﬂ @Bstletedng of
mass part r 2 vel y

l'i ght V\eldllﬁpt%ﬁ% gﬁ& ?Pfulﬁ%{%?é a%c glrll fG lé Tﬁﬁ%{ggﬁ%ﬁﬂ no{p
limted tmﬁ expﬂd:sya:arrhmn&fr@gh/\mndﬁmwwurttoabme élﬂoaaend Aaires bm’remdnﬂpdhdae a |l ow
| oss magneti.c terial |D ta al so be construct d t spacer
ot &% al” 130 AR plane 1S b oon areeh Comlacs n%%%saﬁh é?\f:n a@ﬁﬁé may be
filled wit ?bp?és%nﬂe@%ﬁﬁﬁg2ﬁf r%boﬁ@'ah@w@% %ﬂd%l:mvé dﬁbrﬁms%mﬁ@r@lranda%r A@y act as

a spacer material 24 desirable and particularly advantageous in
appl i cat iilbngrasagc thnaisplamrﬁtﬁfpmodnalmdlewhent lbo@mhepio mpasubstangdfyl pacaltel ans

because of its relativel ht ht conpared to soli

par 1ol e T S et ek B SR Bt rse Rt benna 22
depend onyubiignt@§ipeRdn@RehAI MGt HORd LINEREKCcORd plage BBD tag 20. Antenna 22
receives radio frequency (RE) energgl radi ated by an mterrogator (e.qg.,

reader 1d0074IAnche qggampﬂ:@ﬁluetxqgcbmeﬂ B, REIL fagr?d is epnfigusetl sgh thee when

Ly cal 1y et Rt A g P00 HERRERS ot bes o PAtay Tn o range

of about saﬁﬁaﬁfﬁigt?ﬁiﬁfalllél foluizthed I8 @thwtitle Sogihgﬁlmsemlzne& Gozknt [66p thaRefanRer gy
carries both power and commands to RFID ta 1%101@ I n one enbodi nent, 3D | oop
oY

ant enna 2bir¢ plapg 48 ixgubsiptigly Rorpspdiqylar it Heer 2andovpwardheslepes conver t

th A t ect ed
byet ﬁgerg%ée I,%gg‘tﬁgﬁst%]%m&or%@ned%'oﬁﬁrBBQMbﬁ’ses%cﬁ bt eSS0 Re et ect e

25 current loop that defines the third plane 45C, is not substantially parallel to article surface
28 to which the RFID tag is attached, but still forms an angle with article surface 28. That
18, 3D loop antenna 22 may be oriented in any configuration such that plane 45C is not
substantially parallel to article surface 28. It may generally be desirable, however, to
orient 3D loop antenna 22 such that plane 45C is substantially perpendicular to article

30 surface 28 because this configuration may achieve the largest read range. Orienting 3D

loop antenna 22 such that plane 45C is substantially parallel to article surface 28 may not
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5the properties or characteristics, i.e., design paraneters, of 3D | oop
antenna 22 should be matched to the systemin which it is incorporated.

[ 0084] Mowe 28peefidcal |y, in order to achi eve increasedPpdaseomnadssfer, the
i npedance of 3D | oop antenna 22 may be conjugately matched to the inpedance
of 1C chip 26. Cenerally, silicon RFID I C chips have a | ow resi stance and a
| ar ge negative reactance. 10Thus, to achi eve conjugate matching, 3D | oop

ant enna 22 desijatieberayscyivel a configtyetienasy npianEnimage shenth Beartiflg sufaequal
and opposjgf t'c%h&&c@g@k}a'tdwo FERTLRAGRA b \rf:)zl\éﬁé’an%&m D loop antenna 22 is

brought in close pr ectro tic contact (or interaction)
w th an g0ets|rAciald syrfacnziumiti be aphinar dalon-sluedt safadrifahsrtoole.| ingbe ds, t he

i npedance of 3D |oop antenna 22 is & uyped, resultjng in a | oss of power
transfer .GXWIPE? SfSW@é%E&‘tE- a@ts‘%q %ﬁcsﬁgwa@%ﬁuﬁﬁcepémw@a fngfancese

| npegdance, qf;. 3Rl QR ié"E&}] ﬁg&ﬁc%& ohdGORRARAM CRch b IRt AGLIRRRG 0! Refilic

conducti ve surface, suc s artiicle surface 28. 100851 The di mensi ons of
| oop ant enatarid® jncludeng cdppng tlundiviE, megrdtib Mtk andamdtahaliayist suelAdE, nay be

adjusted to tch t i npedance qf .3D | 00 tenna 22 to the inpe e of
1S b o eRfS ol hORESPES G oy et R Pelict (et SRS 185 Toop
antenna 2dg a n%?‘ﬂ@ia&@cﬂe@t& Biti1c2firfade ESJH% hie8dhelBRY (ﬁdt%ﬁoxbﬁ). adicugh&ghvd 0 change
t he i npedance of 3D | oop antenna 22 to better match the |q|$;dance of IC

chip 26. may be fonmed af @ Juitalle @dhgsivet whicherapdsipand GANE pagiowisaspplecdtibet ween a
center 34 | Dotag 20, represented by the vertical dashed line in FIG
S8 S rorHEIBR a0 Bef e L SER FomeNS S SR eSS kil mi Fane
may be adihistiedadhdsibe bhape.l @ ARimutenbsdislichte RN Reroecdyast dtackidtoc! e
25surface 28. In this case, 1C 26 is directly connected to ground, If the

f eedpoi ntarfAKNPURECS 28qyithse B@uniing MERboegy other shiggblomods of tsichmon. KdUPdbe
illustrat I N i Y T i

mat chi ng. o Ao ey HekhOHe AR R e oS Rushd £F R PERITREDNES | s
"tuni ng" geherdDy howplaant @mfaac.22. [0086] FIG 2B is a cross-sectional view of
RFID ta in conjunction with article 30surface 28. Siml|ar reference
nuntr sgrlﬁgﬁl JAaBY &ii 13'5133 fa\gaQtOJP@é]gel iachie Rrartide S%réwe??' Speh %ﬁabﬁaﬂwps
excites gngihhen %le%ﬁéﬁb!@zibti@@bl B%?ac'i‘ﬂvﬁg Bﬁhcﬁtzsauﬁfgbﬁ %S.QW@QADQ cEhdudfivE€nt

| oop t hrough conductive portions 40, 42, . The current | oop
t hr ough 3Bhtvopmanbensea to WrGRBIDLAZ 204PaTicliSROR ¢ DB 367 4 r@ltj whéd 3Idst r at ed

surf ace. 285 SptcaEnGEvar B Be Rl s e el ey Bp At v of °
el ectri cahay@hghcohe 301d 12@RtAVyRRRANL 22 C BNpRBcdAC Be@reMxBed fRfoughect ri cal
model , it can be seen that due'to
20 3D loop antenna 22 induces one or more currents on article surface 28 on which the RFID
tag is placed. For example, the current that flows through conductive portion 44 may
induce a current on article surface 28. The current induced on article surface 28 is
represented in FIG. 2B by the dashed arrows within article surface 28.
[0077] The induced currents on article surface 28 radiate an electromagnetic field. Unlike
25 conventional antenna configurations in which the induced current cancels at least a portion
of the antenna’s field, 3D loop antenna 22 is oriented such that the induced current on
article surface 28 does not cancel portions of the field radiated by 3D loop antenna 22.
More specifically, the induced current on article surface 28 does not cancel the field
radiated by 3D loop antenna 22 because the current loop that defines the third plane is not
30 substantially parallel to the plane of article surface 28. In fact, in some instances the field

radiated by 3D loop antenna 22 may actually be enhanced by the field generated by the

induced current in article surface 28 due to the orientation of 3D loop antenna 22. For
19



at-tide surface 28, the area of the current loop is approxinmately tw ce as
| arge as the 5physical area of 3D |oop antenna 22. In particular, the
article swof2a@e10284can enhance the arca of the current PoDLS2490B36CEN
enhance the overall radiation. [0087] In another exanple, at |east a
portion of the 3D |oop antenna is defined by a portion of the conductive
article surface on which the RFD tag is attached. This exanple is

i |1 ust r atEdample, piicterarfageiGmay et asacsouniplagrthatpnirn oogsRebloda i s a
schemat i Chyl i - 0, r i i FID tag
S0 that FHCTOACE 4> B RS ReENRBETEHAE RhaR B B8 B dfenBpfies 5D
| oop ant dbirmacdRy; 3 Isgpeaesnnaal end alechbially Corchctvayfaands definecd ‘evisualf ace 58.
In general, RED tag 50 operates.in a sinmi|ar _nmanner as REID tag. 20 in FIG
2. Howeveinteniiy gthebﬁ@p@r@ﬁgwam tyoe g @tlfag]@lzsef iPrlper antenngr2y Eft%RFI D t ag

20. 4n p%&én%h@BfthE'%lszeftEJBfat?cgmﬁlﬁci%g%ﬁ%kﬁﬂatél?' gied i ve material 60 in

FIG 3A does not wap conpletely around acer material 54. Instead, 2D

strip 60 [0088]uslesresipnsly dosceded somand &iB3 10 anteppogtonetregsdscl bfnavremn2ie stri p
60 that couple to article surface 58. In this ner, at-tide surface 58
Forms at Teaer o pEPiondTedy SoTRE i danps e sTopE080 1T FROGHE Exanp! o,
struct ur epnddAivaRerfatB THRe%IReid sfhtyindaRaesheldidwratd 28be3B80ssp f ace 58,
i.e., electrically connected to at-tide surface 58. |In another exanple,

st ruct ur estBA23MdvEVE:, reabloBFII dhigr XctoIhpve eninetssad reed wangé edrepyrod foace 58,

e.g.,, connect tw,article surface 58 via electr netic,coupling. That
"5 219, £ oobpeiarb il S iRt ARfRG A R dh READ BB L B Pl e %56 T ¢ e
former exrMnSratiigGhe rodll aneS QRIADI tﬂ% sl &:Sto \RF1DAAE 20 it 6dented e REEInS 8
t hrough el ectromagnetic coupling in the latter exanple, e.g., through a

25gap | ay®ble fhe gap | ayer nmay, for exanple, conprise a non-conductive
adhesi ve r el ectrivcal o ﬁﬂp"- we t B and
article s[gl??éalc@%é?gtﬁgﬁ% g&sri%hﬁli N Bot ceé%lggi,m&? ??@e{éw%ﬁ%%%tzl‘%ﬁh yol?r’GIBD | oop
ant enna 52lecdftointedsbdthcaffettalfehsenhhace ffdd wleetod BF 13D loap amb@nnas22nar gi zed by

RF si | . ifi . electri I t ti Iy fl
hr Otigh. (HEPr3r9!dr b EAcoRHIEIT e S ElEaH G0r A S TDDAE ol e
30sur f aceB8hg f Qi At RPRACHE MY idop Jn%%ghzﬁ%ys&%lﬂﬂglfbggdt @paitftulsD SUIip

60 may conprise two separate 2D strips electrically | C chip 26.
However , ramgeadfdength erestwidth Whar atdyheight élwolns®par @b ddbegs rsupsastay WO

2009/ 102714PCT/ US2009/.033671 be col lectiyely referred to "2D strip 60"
“n thi s GROSKUEHRE YHCBAHGH B QAR I BEPHeof SN ot VESHE o f ol
60 may CcQRREicd®o Be il NEinBe EPLIPPrOURMERIPIRCAIaAEr SONFEEI dnteh RlpBFdx@hately! G 3A
illustrates 2D strip 60 as defining three conductive portions 62, 64, and

66 ahd sthalfcr wieeetength of thedpaamg frequeneysoidipg @0 obising 91§tMHbe aspeexanla, and 51

conauct Vi FoFH 5k B Bast B BEMFRNgRe] ogflim EE ST BP kNG spacer

mat eri al apfroshrhhtelyl Eehdddapprexibotdlp Mepitirhétor 1o hpmpaEeitclyab eentdhetdd) exposed
to article surface 58. In this manner, conductive portions 62, 64, 66 and
article surradth Wangary gengalipbe eeleqtet proporsigna e Hci lengty and/pr wih pihes pacer

mat eri al g;nl‘l‘c}efl’iﬂgs ﬁl%(i{gfg&églglf RAhS bPIR1FELa AL RAGIASE | N6k &S AL are

subst anti y perpen
25 a range of approximately 0.25 inches to approximately 1.5 inches (approximately 6

millimeters to approximately 40 millimeters). In some embodiments, the length and width
of the conductive portions that form 3D loop antenna are substantially larger than a
thicknesses of the conductive portions. In the example illustrated in FIG. 2A, conductive
portion 40 and 44 have a length equal to antenna length Lant and a width equal to antenna
30 width Want. Example thicknesses of conductive portion 40 and 44, as well as 42 and 46,

may be in a range of approximately 0.00025 inches to approximately 0.04 inches

20



to at least a portion of the plane of article surface 58. In sone

enbodi nents, article surface 58 may also include a curvilinear portion, in
whi ch caswocoeduetitve portions 64 and 66 nay not be sub®CantSeeiviog3671
perpendicular to the entire article surface 58. As previously described
wWith respect to FIG 2, spacer material 24 may be air or a solid dielectric

material, such as, but not |limted to, po]gglcar bonatc. 15[ 0091] First
conduct i erpseximaiiy 8006ty [ Hap aaft Baisreorablys apprpeiptdly 8981 wadehta hat

S“bSta”ti(f"(l)f%c?@%‘i@&%ﬁiﬁa@éﬁb%%ﬁrﬁ&of).izg% );onducti ve portion 60. First

conductive portion rn"a first planeé 55A. In the exanple illustrated
in FIG Z0080]rEsight lane o3P lbbge snteimat IPedopeydsplpapnenanyiagsrsoihlluding thd B of 3D
| oop antenna 52 al so have .ength and width that substantially. exceed a
t hi ckneséleeﬁhtﬂf wgserIacHsl 291435.130@9 Y wsencoRductiyPRoriiQnsidy agd dac @izom ane
55B t hat i %H%S ial4l ' : ifically,

g B u Bﬁegﬁ%iség?e:d cPHaPRERD tatgchO}( (%/ore?hot Bdes llﬁé@ft@ PR GHE )

second pl ane i es substantia e X-y ane. "FIirst conductive

portion 62rfasc 2 eovhick RFIY tapoi(pis @ttathed wiliRSIDBthA 28rpdotiiidss vigaifremdufomy e
portion 66.and 64, .re ively. [0092 signal, 18 excites a gurrent
Phrough caridncyriss 2SR NS e D anizige Sbnit i eeral Subriet B8EM"
current 1900 rRAfulldBd sclldc@sl dubh hat BDNEoPAAGHaD2 GocdBotl ihlcHSter s@dBfcantli 1 d
25pl ane 55C in which the current |oop 57A lies is not substantially

paral | el wigh ¢ampancpisadhes aB5iA ciosd psedony tpREH tg5H). AvensawepiarboighhEnts, t he
third plane 55C may be. substantj . perpendi cul ar, t irst plane 55A and
secaha’ prere sy e BN b L R PP R D B 5 T r
pl ane 55Qappresiniately DS miilEmpleans apploikiiattly 10ehipignetesy! Rishéidd bBanderytodd ane.
30[0093] In the exanple illustrated in FIG 3, RFID tag 50 is configured
such t hatthafiesher prighsqreposils.cl e surface 58, the first plane 55A and second

pl ane SSBASiBRLANN Bl enDRS B 1h ASNIBL SN LAEFnd hiighbhig e

current |oop I'nes r ane
2009/ 102 #i4yPIettddS? 00D DB G, Ahdifer guebaingritdqathgiesdesspradd CuMalz, the lardth cl e
surface 58. Ho

ver, the conductive portiaqns y .be orjented in ot her
posi't i ons-suéh e et InFseis A Oinsty BBt %HH Bunderodtaatn o
subst ant igld-¥aRAL l@lielrﬁére#‘é:x@ﬁlbla% ?n@ﬁfohﬁﬁ?ot%@ték%n‘é’ﬁ'ﬁ?ﬂiﬂﬁl@g S5 i a0{f b

attached, but sti for an angle wth at-tide surface . is, 3D

| oop ant emesgnGidverdionbe any vent Edrthian, aihgugicionf gaparadlyiconsidaredhd¢sirablegbiaare 55C

is not s ant i I arallel to art.i surface .58,.. |t. ener al | be
tosi s ant EIERE S & SRfnsre Bt Rk A65680n bin ¥R ERendhel; |

S UbS_t ant i@l@ta@@b%@ﬁb& Hrdtruéted af &ﬂ;ﬂdi& subbiRagsr th8 aﬂﬁfc@ﬁ&@ this _
configuration nmay achi eve the |argest read range. 100941 As shown in FIG

3A, 2¢ondU8982Snsesrtmaserid 24magy ke foaned of 4 gplidaneteiial os glyeatentl icansisfing®dar al | el
0,2l G Sy TSy YR BRSSPI ST FBad” 20 P18
exanpl e, dd&trically nonconductive materials, such as, but not limited to, polycarbonate. Another
suitable spacer material could be a low loss magnetic material. RFID tag 20 may also be
constructed without spacer material 24. That is, the center or hole of the 3D loop antenna
25 22 may be filled with air instead of a solid material. In this manner, air may act as a
spacer material 24. Air may be desirable and particularly advantageous in applications
such as acrospace and other transportation applications because of its relatively light
weight compared to solid or mass particulate materials.
[0083] The specific properties of 3D loop antenna 22 depend on the desired operating
30 frequency of the RFID tag 20. Antenna 22 receives radio frequency (RF) energy radiated
by an interrogator (e.g., reader 16 of FIG. 1). For example, the RF signal emitted by the

interrogator may be an ultra high frequency (UHF) RF signal, which typically refers to a
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approximately, 0.5 inches and 1 inch. In the exanple, |engths Lp2a and Lp2b
are of substantially equal lengths. In other enbodi nents, however, | engths
Lp2a and w@Xpowmay7ibe di fferent | engths. Conductive port iPOmAISBeDIAsEs766 arc
substantially parallel to each other 15and have a | ength generally equal to
hei ght HANT. In other enbodi ments, conductive portions 64 and 66 nmay not be
substantially parallel to one another. Conductive portions 62, 64, and 66

and wi ngstaEAmGTE agamerf o 00aneaahra (MHANE abeeislgiaehealzdRiz) hEhi Rl s
oo ons a5t Sy IRRA TR MRS 0, B 05 O il O LY

portions or W ngs vary
ext end beyenda 20spihaey RFrahc&gy ﬁion%e Me@ogdm&fanaloqjera&lsmgoﬁdeﬁ the axcirgy to

di rection, anddrectl r ctromagnetically co e 2D strip 60 to
article digealec tq%.pé divib resppmigLo a dissied g&@@d&&eﬂagateb&%t poi nt s

that, COUHh@g%EeﬁﬁeE chlﬁl(Pacttéhsﬁ% '1%' ﬁeﬁ%\t %?r&fﬁeéﬁ o%%@rﬁ&ﬁh%@ﬁoﬁ&@e article

surface 58 el'ectromagnetidalTy ¢ l ed to each each wng 51A and
SI B ser vegclasl tonlee gistten infwlachpanaincetpopitat e capacitor with the ot her side

being for t he 25under|yi,ng portions of article surface 58. Wngs 51A
ond" 218 B et Bl RIS in e aBehin SR e S e LR FuRinec el P cur

or such t3mfoo Ptanfeﬁﬁé@2 A9 1R RbnjubRENaNAEhddUD Dindlc8aRRIf IAThHeRCT | bed above
wi th respect , conductive portions 62, 64 and 66 and/or wings 5 | A

and SIB Giw:rathlazv@lhm &F%Iwmphba\mdlovvemgsthsce and@%l]gemgatmezr@ac@ncw ngs 51A
and 18, AN BALELEHLANLe LRy SYr 1BA8 Aloa L hal, SONt Act 8. PRALLLghe surface

58, hay be EYesi capaC|ta ce or “exanpl e,

Equat i onseqhivangt 2sighevaitbsh Qpaldricbpposieabgelpatitve kacehee @éwwengshdlA, 51B
necessary to achieve a particul ar capacitance val ue. The operating

f r equency’Drgppiatenapat is tipeshs 51 deponimit: 744 Ferrumsmgts o38e? {oEquat i on |

al ong wit; Sq ieving a
short ci I‘Qtl? Cﬁg@qug{l ?%%lte?t%giélﬁpfﬁgﬂ&gve Frlél org:%[fe I(t:ag%&olrc]ifi(ﬁﬁ%sgggval ue C. The
cal cul at dthpeddnge of 8D lbckleamapla@ztladaenacﬁmseltﬁgml laskefipbvect trgmgfer.i Miith

Equatlon 2 Wth the value f the dielectric constant and a distance, i.e.
di sfance "BRCGER bioaP dRtchRers & PITHCHAT SgE mpedanchof 3@&0%6111 §E§Ut Son 2 can

then be Sc%%{g‘é& iR if ReaERa WAIERLaDe E{ﬁfééées%cﬁ 9s H531c S S Ze of wings
51A and 51B.” Using an operating frequency of 915, for exanple,

capaci t arl0884fThephmondiomstf13) BOp pnicond2l, ads lqng) Laovr, wuithmy i hd@bt rabl e

to appro a,sh ircu 10E atlo Z =1 tion 2
(Can 0y S faf e Odioraf o elehises i 28 3Pl g o wieresianoy fn
radi ans percheLeeN, ad@nio% afcapant chﬁhlcﬁld the dtafib®an 8D 180 aRasitivg pl ate,
D is a distance between capacitive pi ates and E is a dielectric constant of

a gap. 15}11@919&1cl@ﬂérlapwpledamamaﬂsadoe@(dmm@lrta@b@gprﬁh@nmdme ofBHiloep to REID
tag 20. Th; %? "‘@efi%r %%&g%%ﬁ Y @n ﬁE b pqﬁ'é' As AL&RALY $ F1E 2R

conti I’lUOUS (2)\}\/05 Op an enna
feedpomt Fant 1s measured between a center 34 of RFID tag 20, represented by the

vertical dashed line in FIG. 2, and the location of IC chip 26. In some embodiments, the
feedpoint Fant may be adjusted such that IC chip 26 is directly connected to article

25 surface 28. In this case, IC 26 is directly connected to ground. If the feedpoint Fant was
adjusted in this way in FIG. 2A, IC chip 26 would be illustrated as being positioned on
side 42 or side 46. The impedance matching of 3D loop antenna 22 to that of IC chip 26
may be referred to as “tuning” of 3D loop antenna 22.
[0086] FIG. 2B is a cross-sectional view of RFID tag 20 in conjunction with article

30 surface 28. Similar reference numbers reference similar features. As described above, RF
signal 18 excites a current through 3D loop antenna 22, thus generating a current loop

through conductive portions 40, 42, 44 and 46. The current loop through 3D loop antenna
22



52, e.qg., 2D strip 60 and a portion of article surface 58 between w ngs 51A
and 51B. However, not only does article surface 58 act as a portion of the
3D | oop awDeneva02A4current is induced in article surfaceCais20003zganpl e,
article surface 58 again nay act as a ground 20plane that mirrors or inmages
the current in 2D strip 60. As will be described in nore detail with
respect to FIG 3B" the current |oop relative to article surface 58 results

in a mrrerisdlustipted by thaeawes myticliesurfied B8 manpeiasd gyumsiplinsop adistenna 52.

In this . i.f ] i I W ce
the si ze ity 53aRgRF AR, iR RE Rk IRedty s iorb ptiiFe SRPE R MR FoF b

resul ti ndobp altehria2i qaabeasscd. tUvdiethy cleoticebmbdd, it ben besdn ttandeac @50f 3D

| oop antenna 52. 100971 Again, a particular |ength LANT, w dth WANT, and
HANT may Bcle élﬁr&%ggf b afq&r?é_ﬂsfmr@abfoaﬁﬂ%%ﬁi)é%@?teiwvaﬁrd?% g as{life 1 engt h
and i dt g)hglgicgl%?%tjlyﬁ)og%Hehﬁ@ﬁzfsﬁl ﬂa éltl)lar, §4 artfiids LB.cAPY W BfSnalfe and 515
(Lpa, an p2b) may be selected to tune 3D | oop antenna 52. Spacer materi al
54 i n RFldea @dghSOumay ldep wineh samenbasceshaoesraliretdeationl 24 used for REI D 30t ag

20. Addi t,i 1y eedpoi nt NT may.be [ysted to achi eve the same read
Fange. butl V0 200y bES RS b adrpisteerdin Do +latban Ty Bgon _
LANEt hi ckiessn 6N cofdubiiee RGP stdioe3fh wilibh shd ﬁFI@ﬁg hd hedndd) s Bhespldet ai |
bel ow. [0098] RFID ft;u;g 50 may be attached to article surface 58 in a manner
simlar tipilRsirged ayfupher datait i IGSapAzddesi. ve, such as a pressure sensitive
adhesi ve, or ,toa may be 5. .attach to the | ower portion of RFID
rag Zo" T HObREnC A LoR TR PEonsiPL BT dnbflel St Bineliabiot ol

adhesi ve REY @pELitRM iddudpacer lobphetkhid 5HAnad, WA 'RIBITHLA 58n6clbdds.30 n ot her
enbodi nents, however, the adhesjve mai% be applied to spacer material 54

only. As Iperditeing 2, asricet mawriak 3b 1q ¢hiwsity andrajiclssueasradic tingsn¢rb REBY

i . rical ! s _ e
R e R R L
capaci t i wéf RIEIDphg 6@ difEsrsien tBID of REID t&O2@N0 e tidutdreths ADf e obdectrically

Al 't tively,. th i cal b dt
a1 den ReDivcas sttt T BKE SaplochRO G ASPE DRKEI MG RO GSber | bed
bel ow. 100384, R dRif 80l utic@GER% ﬁ%ﬁ?PA‘éh& 5118 BR ofpSiik QAW &F (IBYDAG 6P

useful for applications in WhICf% there is a desire to Increase the read
range andhiticoipledo sp@besuifiacad.cln ths nagmpky attivge suifaciRB$ Drinagt wasttawrigort i cl e,
regardl esg g)fl whet her e article is conductive or nonconductive. For many
appl i cat iBnY 10PP M- apl e to shorten the | ength and reduce the width of

RFI D t ag [8089]Nn®he ekarhlec AGGCANRMANCA F18Y hay Be 8ird®@ RhhdEddroQktidl® ot herwi se
limt the anount of article surface arca consuned by a RF1D tag. However,

modi? yi ngutfies &, ien slcotisaldy cennrptedtq argiclesutipgos> Srdnnapthapgragwle sEuRMCD t ag

for UHF | i i . shi fti 0 ance 4.0 i f ncy. The
det uni ngasg% Aa{l(rzliastl‘«lﬁo%% gélndéﬂeéstﬁ?’ogﬁm%ér}&?—'%@ aggu&%ﬁ %Si%"gﬂ%@é%d té\sgrqlcu??escussed
bel ow W tdirfa&f §§ €acRctrombgiStic c8dplidB, THafs, Sfticteés 5108and’A.B Aag “ditectly”
experinmental results indicated that RF1D tags .14 may he retuned by

adj ust i ngFopRet #riglgpuifpge Farrthe fgrmencxag e sLurada petdystre adhesiverfdr of an 1C
chip and e ( Whj i j r,af the
A1 b ¢ ag) CaFEnuFrdSs Mrotd e ARoERORA bt bV RIEE iR £ Ly
Theeef or ezap 38y ck.0Ble gapt leywranayaforleeamplor ¢emethe anwheaondude ¢ tadhesnerthathi | e

mai nt ai ni a relatively ]ong read range, e.g., ,greater _th pr oxi mat el y
10 feet (8 B Rty e er@ﬁ‘@?%%“ﬁ&}‘@%]%s%ﬂ%@“ﬁ%@ Lp? %%?-_ BRReYr B Gs
7A and 7Bgh bast heate8sttaRriRGl SOTTRRG Gnfhn@ 52 B':fbgn&ﬁlgy WhikR s‘dﬁ‘éé@i%when

f eedpoi nt s. 10100]‘ I n sone enbodi nents, an RF1D tag nmay be size
appr oxi mEtEDytag §Qad crtergioed hyewsRBOtgnaln Momguspedibeallyaslettangtchrroft t he operati ng

fr equencydontlijglllorlllglyaf?ov%p tﬂo%%h Mk 5]5 %gllf)eoqcc%nggctive material 60 and a portion of article
30 surface 58 to form a closed circuit.
[0090] As shown in FIG. 3A, 2D strip 60 may comprise two separate 2D strips electrically

coupled to IC chip 26. However, in the interest of clarity, the two separate 2D strips may
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915 MHz as an exanple, RFID tags may have a length equal to or |less than
approximately I cmwhile nmaintaining a good read range, even when attached
to a condwotzomerogunf ace. 27 WD 2009/ 102714PCT/ US2009/ 0386AB2¢00083b1 FI G 3B
is a cross-sectional view of REID tag 50 in conjunction with article
surface 58. Simlar reference nunbers reference simlar features. As

descri bed above, conductive portions 62, 64, 66 and conductive article

surface 38 ®HeHvalvcichsed to 8p 2D REpLi0gaa this disdeuire. ek athernambodimenty. lyh
conducti ve. i . 4 t . 3y Article
cur face SRS SchBS; Ao o8 dnay ARESREULRIS L Ao R T BARMR Y T LT

| ar ge. Ushatgrialn®@®6. IABloktyatas 218 ptrips@ndsadciivithgahee condietivepeiebnob2, 3B, drabp
antenna 22 can be created. ing the electrical nodel, it can pe seen that
due to s aé‘ﬂétf&EIP’FeéééA%fiﬂH%e I3 s digflogfe %‘P%@?tﬂl%%ﬂ ik %ﬁ'ﬁbg%xi mat el y
twi cp as LREGR AR WifigPIVRLESD 118 62 BhaddiROP EOHBAR Aitiof oAUl ar,

the article surface 58 can enhance the area of the current |oop which can

10enhanc et dre posigoraidito magh aipinodhspac@l2prid28SyhilkAcavify thsAottb®, posilon 6B, 7A,
and 7B are graphs. deponstrating the tunable nature of an RFID tag j,n

Ccor dancBa ERITIL 21 RUBHES BHit gl gurtioD 1 455 SHIGS et B g 8o fese
graphs presegtnd heicletalfaéd %deﬁrﬁé%fs?hceatﬁﬁ't ik GRGtnany fil1686) §Res) mpfidip4of the
ant enna i npedance (as seen by the C(:é as a function of frequency. More

speci fi caindyonduoGes pamiond 67 Bnpért eaebidefing plangrethhteatg substaptiaihperheridydwlar and
f eedpoi nt, of, the | 0o enna_ o . REl D and proyi de. paraneters for
hoerfor o Shichtrorih &kt BRfe RE kil B8 sARE BB iR L a R oroe ond

size (i.eurfatds8 Mmay alsb acdlwdec)a cudsilides Gotthrd iR cadch@niestigt Portitind bl and
hei ght of the |oop antenna may conprise various conductive portions
(i ncl udi rigdo6rercaqtbe swpstpsiaBy perpaediculm) tothgenthg gEiclcewHRES S nlS wi dt hs t hat

b ' : t : : h
shoun 1 n 1o} gy A8GHBIR ARk Ao e IR, e ik MR Thb by Bor (RPN

M cr owav ali8tettlt masoial, wacteas, dutaidt dilblied fto,qol \cartoutter Si mul ati on Technol ogy of
Vel | esl ills, M huset.ts, | ticular, FIG, 4A il lustrat
exartpl ¢ HOE Ui 0Kt yesPorten o9 bRID ey e or Tt ket g AW | ongt
LANE of %Q%{Entﬁﬂﬁ%eeg%%ﬁfdﬁ% s BFTirR Bch ARG pdrHOn B Fast SRPGENE B@Mbn dgur ves

70B, 72B, and 74 arc reactance curv-cs for the RFID tag with a
| engt h LANF iregdialt ptane abAutin BE ewampabidustraf&l imFlGah dirsttydarte 35@0ligsnm the x-y

respectively. Jn this e I t.he REID t be tuned to. articular
| mpedance i Wit haaT STBSEARUBRAHT Tr ey SiElDE %aryi ng
LANE. O h@bstRalafekescd a tBicBness OF idks AN dr.5 1BeIWigs KiANland 31 1kes dR&doA FANI,
arc held constant for each curve in FIGS. 4A and 304B. Specifically, wdth

WANTO i s ghangtSSBothat isybsasitighy paalat to Siripbame S5Amiylorgrsgecifically, second plane
55B also lies substantially in the x-y plane. First conductive portion 62 is electrically
coupled to wings 51A and 51B via conductive portion 66 and 64, respectively.

[0092] RF signal 18 excites a current through conductive portions 62, 64, and 66 and
article surface 58 in a current loop 57A that lies in a third plane 55C. As illustrated, third

25 plane 55C in which the current loop 57A lies is not substantially parallel to first plane 55A
and second plane 55B. In some embodiments, the third plane 55C may be substantially
perpendicular to first plane 55A and second plane 55B. In the example embodiment
illustrated in FIG. 3A, third plane 55C lies in the x-z plane, which is perpendicular to the
x-y plane.

30 [0093] In the example illustrated in FIG. 3, RFID tag 50 is configured such that when
placed on article surface 58, the first plane 55A and second plane 55B are substantially

parallel to article surface 58. In this manner, current loop 57A that defines third plane 55C
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feedpoint FANT is about O mm (i e, the ICchip is aligned with the center
34 of the 3D loop WD 2009/102714PCT/ US2009/ 033671 antenna). The curves
shown i n WOGEY/WET1and 4B suggest that resonance shifts Rcghseomonsferequency
as the RFID tag is shortened. [0104] FIGS. 5A and 5B are graphs
denonstrating exanpl e resistance and reactance curves that paraneterize the
wi dth WANT of an RFID tag in accordance with the invention. 5Curves 80A and
80B, 82A iapebsgppallganpeui;ularie :gEk urices® Hpwerasths capdistinpoitieatiarice

curves, nes i . o i i WE I out 12.5
mm aboutb%f%% %ﬁ%d\ﬁg%%lﬁf {)@{}t} (%Br?ﬁlﬁ{ @%% a e‘%{o’&g?%ﬁ?@m errcligjﬁlﬁ%l_tﬂ\#\tﬁsrﬁahei ght
HANT, andubsedtadlyparalAND aatide alnfiuct 5800 wiinh the RIFID aapdis @ttahed s peit forus! v .
Thus, the curves shown in FIGS. 5A and 5B suggest that decreasing the width
of the RENMNElGVithfigksuEaeh. sSThihls, SPJpoRantcra S3maxe PrEbifaREEY The

changi ng c%hﬁggraﬁ&ps&ﬁ tﬂaﬁk)ﬁn‘é%j&% n%ﬁ&h&&uggﬁrdu@%dﬁﬂ&@ s@ffad:P8. 30nhpoP
antenna to drfferent 1C chip inpedance valués. [0105] FIGS. 6A and are

gr aphs degroersily &t degrablcahplvever,ds ost@aridelompdnteene S 2ned thatmpleas 3Shas

paraneterize the hei ght. HANE of. an RFIDQ _tag i n _accordance with the

nvent i oruOBHL Pﬁﬁ’%nélﬁﬁﬁﬁ)g)éﬁf@ﬁﬂu g 9FRCiaR 4TS A A BREN A RS st ance

and reacttﬁ@pae%e@ylreg@%ngelS respectively, for an RFID tag with a hei ght HANT
ou

equal to ab 2 mm about 4 mm and about 6 nm respectively. The result
of the cdftleks shoselin FdGsHowandyrtive GSrtiog A24nd adBetdubgeawt ds subatandabr easi ng
the tag thi ss..shifts the resonance of .the D tag higher i requency.
{0205, e R G et S RORARASR Bt T feRmnge ™D BRR MR b

r eact ancdeZ@BLr Memding), rdpsaivelyelicagtht e, heeDpo iy, foANangfle, s RFID tag in
accordance with the invention. In FIG 7A curves 100A, 102A, 104A, 106A,
and 108A #PEoximBael &Adeches pids iy Taherrampicalengihs hra 2pébepdictl FANT equal

respect i vaPyS Rt o0, 1ROR 168 RenBeRtheyin A A HoutR
r eact ancelifferentelsngtby. @ondsetii p@gond ddaral GeeadpaisnintibNpareliclad cich abaut 25 5

mm about mm about 25 mm about. 35 nm _and abouyt .45 mm respectively.
The'$ engtql?giﬁ‘ﬂ\m’? ezt #enataker cauilde HQBBWAPHA&FTO%FY PRECHPERSarWdREHGt 100 mm

about 12.3{3hs AN dFBMy mot TESuBEHRERT h¥al1¥-to She atBRNTonBRWR ¢ pBrifdhGS.  7A
and 7B suggest that increasing the tfeedpoint FAN] of the RFID tag decreases

t he first62 é4omdbéendiwingseS IRFd §1dhhdvie unrfequendth. W 30] 10d64dicdAdonmrtbe yous! y

descri bed, .it. b sirable in sone applicati ops to. decrease the |ength
LANT aind it QTR IO G carpoeanasts BEVR KT acn A ShuRah Gt 2 PP H R ent -t o
rel ativelgp, sk 6%[6ﬂ&in%§59Aaﬁdi‘SﬂB|n€h§r\}h /i Wehdsismat2d 53Ba&end!Ryéhese
applicati ons, the-airgace WO 2009/ 102714PCT/ US2009/ 033671 f or a%lt achi ng an
REI BP t ag spaser beatdriain’4 ed cithgywideelongatbe stgirdirastion,@gd dgpcthBr and 6A- 6B,

decr easi 9 c&%ﬁa}g%}%tap}g %&Sge‘_% gﬁggtr%i(%i(gﬁta#‘@el\g%r?gcetﬁe h? ﬁéﬁ'ﬂ%ﬁ 1rsvt}lnf { %L&he

resonance hi ghe €q une the wever, as the

graphs i mnlI5EB.ac? 4 cohbics peigBshat cadhluSDI ditp bh & Areicdpaiiéc FANVECC 2D sdiCr ease
the resonance to a | gwer_ frequency. 5Consequently, adverse effects from
shor t eni iy AAdréle sHTaeRIOR grasicqonTyengidcaiypomeled to cach other, each wing 51A and

51B serves as one side of a parallel plate capacitor with the other side being formed by the
25 underlying portions of article surface 58. Wings 51A and 51B may be sized such that the
capacitor approximates a short circuit or such that it forms another impedance tuning
element. As described above with respect to FIG. 3, conductive portions 62, 64 and 66
and/or wings 51A and 51B may have varying widths and lengths.
[0095] The size of wings 51A and 51B, and particularly, the surface area that contacts
30 article surface 58, may be selected based on the desired capacitance value. For example,
Equations 1 and 2 below may be used to calculate the size of wings 51A, 51B necessary to

achieve a particular capacitance value. The operating frequency may be input into
25



mtigated by adjusting the fecdpoint FAXT. [0108] FIG 8 is a schematic

di agram of testing system 110 for testing a read range of RFID tag 112. In
gener al , wo=pewvig2aavi ronment 110 i ncl udes reader 114, wrCcthuSe@omeasnt ed on a
bracket height H above ground 116, RFID tag 112, test surface 118, and
support 120. 10The experinents di scussed bel ow, were done in a small
ancchoi ¢ chanber. To prevent el ectromagnetic interference, the interior of

the chantetatign ! slneMate vilunlos sigp@mwedinsstthaids S@cmmﬁomcmer%ngc%

sheeti ng, e t e r o]
provent Set EARRRAY e TGRRERIVIRE, £ ERHERMCE VaRLE e SIBIECRERY o

pl aced atth@ospaeitthcofvalub€ G:alnal‘mehie apak ikfol Euagign 2 1dthwhes Vﬁlha&ﬁdhaﬂleteh&lwt her
end of the 150hagb The, di st ance bet ween eader%ér nd RFI a% 112 was
appr oxi neCBFntHng S istanggq i lisgynce Bptagen RR VHES Sl 08 S8 end ?‘Hf

expex I e fuaflhi?S WP filn BELONed TR Dub BTN BE %s%ﬂ%'a%gﬂ tﬁeosdeeafu{]m%§ he
results of the paraneterization of the [ength LA WANT

HANT, ancﬁlfﬁealrdlpﬁiiﬂthﬁﬂg\Hn operamgRirdDeb@gofcdivpfar skagpla, B@phacigmcant enna shovvn

ve S o0 aPrruRieh e P e br GoRhaghe o g bRppE A8 (hl's case

was consum@gﬁed wth a conflguratlon sinmlar to that of RFID tag 20 in FIG
2. Experinents 2-4 were conducted using a particular one of the RFID tags
from Experinment 1. Experiment 5 was conducted using two RFID tags with a
configuration simlar to RFIDtag 50 in FIG 3A]7In each of the

expeginents, all of the tagsEygt®nadr@at efn0pizrg—a-5 mmthick foamcore and
an about 2512.5 nm wi de copper tape with a condu¥iive adhesive on the back
for attaching the tag to testing surface 138 The silicon IC chip used was

a Phillips |1SO 18000-6B pack%%ﬁgngp@pgﬁggv Q1441 Testing system 110 was
used to test read ranges of Dtag 112 on a “c@nduct i ve testing surface

138 and nonconductlve testing surface. .A sheet of. co s used as a
30conduct iﬂr%e FRHASALOYy 1Staé§$‘itarﬂjeﬁliﬁj‘ fr%l‘?g}leﬁ!‘i&morﬁ ‘én%g%cfﬁ?ﬁm%v‘é 13 &st

surf ace, ARah &g AL1%n YRS otbil gt ettt 95t DsERES RS ch3Bphist BRYbl e
Stick 5codt§§h * @E%a e avai | abl gﬁ%roﬁqp@a\}\b 20097 102714PCT] USB 0055{;%%3671 3M

Innovatlvmdﬁn@péﬁﬁmtmpQQMWuﬂ@f%gmﬁi Paul, M nnesota. To test the

erforna f .RFID c on a nonconductlv sur chip 112 was
Pect S onilodladiently Rk Bt heRe R SRR el & R e gh PhEtARH G
dlfferenhﬂ&gﬁﬂdm&Qﬁlﬁpﬁgﬁﬂ Jbaﬁec&ﬂ@ﬁ%@ﬂﬁm@ﬁﬂ?ﬂ@ﬂ@&@%h%@BBSo&fﬁﬁmﬁﬁace
5101111 To ernine the read range of RFID tag 112 ower | evel of

reader 119%. a&s 2Bettrip 60 anghapeitionloderticld svefags 8 h@W@ﬁma@w ﬁlﬁ 4ndcxrlBnent s of 1

dB unti| ﬁ@@esﬂe}% r’&?g’&gii O s {fﬁ?edsa@bic‘? b, éﬁo&%ﬁ%kﬁ{é'ﬁﬁ lotoé QﬁteeBﬁX)%@h%%{ of

r eader 0SS assuned

Ther ef or s iddoeed @Sutidle BEfRYSEUFopowRipl@farticdasefact 584ghis ndfy) B a dilvand
conversion fromattenuated power in dB to.the theogretical_ expected range in
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=*100 (3)wify ljegpect to FIG. 3B,, the current loop relative to article surface 58 results in a mirrored
current enhancing the field radiated by 3D loop antenna 52. In this way, 3D loop antenna
52 operates as if it was approximately twice the size of 3D loop antenna 52. In other
words, the magnitude of the resulting field is increased, thereby increasing the read range

25 of 3D loop antenna 52.

[0097] Again, a particular length Lant, width Want, and Hant may be selected to tune 3D
loop antenna 52. In addition, the length and width of conductive portions 62 (Lp,), 64, and
66 and wings 51A and 51B (Lp,, and Lpyp) may be selected to tune 3D loop antenna 52.
Spacer material 54 in RFID tag 50 may be the same as spacer material 24 used for RFID

30 tag 20. Additionally, feedpoint Fant may be adjusted to achieve the same read range but
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theoretical read range = 5ft.*-110al. 1el(nl0 (4) 15101121 In this way,
Experinents 1-5 determ ned whet her reader 114 was able to read tag 112 at
read rangeodie&imenes D in order to identify a nmaxi num r @aa/usang®3xirst ance D
for the particular RFID tag 112. Reader 114 provided a visual indicia to

i ndi cate whether REID tag 112 was successful ly energized and responsive to
a read command. 20Experinent 1 101131 In Experinent |, the read range of
five dif fwleﬁfedﬂmdjenet@smw ad/or thokpess ddva of F]ZEI R¥1Dotgg I§0 Ririsps depgribed iRl D
tag D, aggﬁﬁgug g%mes determ ned. Tag A was designed to be matched to

t he i npedance o silicon IC chip when placed on a netal surface. Tags B
and C vver[ﬁﬂﬁﬁismgmetdg SOmdyaie dttachicgo Artekeapfachatl ima flaen@nimil@ed RHlDtsg FANT.

Tags D a were designed simlar to tag A but had different increased
f eedpoi n% F'fiw st dhedy eave®y LRGP 1AN1VE 2RSSR OF foamgnay berhe

eoul Sk Dl 4y BLEFIIE U TA, LR T Tepons (o
metal d B(drmbo)hmet{tn]the ADc 20O Qiajz(aﬁﬁlieﬁﬁﬁ'ﬁp&diéﬁ 008 @B367id Wink8G 14 and 51B. In

other embodiments, however, the adhesive may be applied to spacer material 54 only. As
previously described, the adhesive may be conductive thereby providing a direct electrical
connection between 2D strip 60 and article surface 58. The adhesive may also be non-

10 conductive thereby creating a capacitive coupling between 2D strip 60 and article surface
58. Alternatively, a mounting member or other mechanical means may be used to attach
RFID tag 50 to surface 58. An example mounting member is described below.
[0099] RFID tags in accordance with the disclosure may also be useful for applications in
which there is a desire to increase the read range and limited space in which to apply the

15 RFID tag on the article, regardless of whether the article is conductive or nonconductive.
For many applications, it is desirable to shorten the length and reduce the width of RFID
tag 20 in order to accommodate a certain sized article or to otherwise limit the amount of
article surface area consumed by a RFID tag. However, modifying the dimensions of a
RFID tag in this manner may detune RFID tag for UHF applications by shifting the

20 resonance to a higher frequency. The detuning of an RFID tag is shown in FIGS. 4A, 4B,
5A, and 5B. As discussed below with reference to FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7A,
and 7B, experimental results indicated that RFID tags 14 may be retuned by adjusting the
feedpoint Fant, which is measured between the center of an IC chip and a center 34 of the
antenna (which is typically the center of the RFID tag) along the x-axis direction (along

25 the length of the RFID tag). Therefore, 3D loop antenna may be shortened and/or made
thinner while maintaining a relatively long read range, e.g., greater than approximately 10
feet (approximately 3 meters), by adjusting the feedpoint Fant. FIGS. 7A and 7B illustrate
the performance of an RFID tag with various feedpoints.
[0100] In some embodiments, an RFID tag may be sized approximately equal to or less

30 than a quarter wavelength of the operating frequency. Using an operating frequency of
915 MHz as an example, RFID tags may have a length equal to or less than approximately

1 cm while maintaining a good read range, even when attached to a conductive surface.
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250-j 460 No read (<5) - [<1.5] D 87.5 13 27+ 324 12 (20) - [6.1] E 75 15
22+j 224 WO 2009/102714 PCT/US2009/033671

[0101] FIG. 3B is a cross-sectional view of RFID tag 50 in conjunction with article
surface 58. Similar reference numbers reference similar features. As described above,
conductive portions 62, 64, 66 and conductive article surface 58 form a closed loop. RF
signal 18 excites a current through conductive portions 62, 64, 66, represented by the solid
5 arrows. Article surface 58 may act as a ground plane if article surface 58 is reasonably
large. Using image theory a representative electrical model of 3D loop antenna 22 can be
created. Using the electrical model, it can be seen that due to article surface 58, the area of
the current loop is approximately twice as large as the physical area of 3D loop antenna
22. In particular, the article surface 58 can enhance the area of the current loop which can
10 enhance the overall radiation.
[0102] FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7A, and 7B are graphs demonstrating the tunable
nature of an RFID tag in accordance with the invention, e.g., RFID tag 20 or RFID tag 50.
These graphs present the real (resistance) and imaginary (reactance) parts of the antenna
impedance (as seen by the IC) as a function of frequency. More specifically, FIGS. 4A-
15 7B parameterize the length, width, height, and feedpoint of the loop antenna of the RFID
tag, and provide parameters for designing an RFID tag exhibiting a desired balance
between performance and size (i.c., the form factor). As described above, the length,
width and height of the loop antenna may comprise various conductive portions (including
conductive wings 51A and 51B) that have lengths and widths that can be adjusted to tune
20 the loop antenna of the RFID tag. The graphs shown in FIGS. 4A-7B were generated
using computer modeling with CST Microwave Studio software, available from Computer
Simulation Technology of Wellesley Hills, Massachusetts.
[0103] In particular, FIG. 4A illustrates example resistance curves 70A, 72A, and 74A for
an RFID tag with a length Lant of about 50 mm, about 75 mm, and about 100 mm,
25 respectively. Curves 70B, 72B, and 74B in FIG. 4B are reactance curves for the RFID tag
with a length Lant equal to about 50 mm, about 75 mm, and about 100 mm, respectively.
In this example, the RFID tag may be tuned to a particular impedance and designed to
operate with a frequency of 915MHz by varying Lant. Other parameters, e.g., width
Wanr, height Hanr, and feedpoint Fanr, are held constant for each curve in FIGS. 4A and
30 4B. Specifically, width Wanr is about 12.5 mm, height Hanr 18 about 5 mm, and
feedpoint Fanr is about 0 mm (i.e., the IC chip is aligned with the center 34 of the 3D loop
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6 (10) - [3] Table 1 [0114] As shown in Table 1, the read range for tag A
was about 11.2 ft. The read range for tag B was observed to be about 5.6
ft. and twe 2o@ad2m1ange for tag C was observed to be 5 lpesaseévanimbout 5
feet. The read ranges of tags B and C were expected to be snall because, as
di scussed above, adjusting the feedpoint FANT & unes the tag by | owering
the resonance of the tag. In contrast, tags D and E have exhibited
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foam core
Curves 90A and 90B, 92A and 92B, and 94A and 94B are resistance and reactance curves,

15 respectively, for an RFID tag with a height Hant equal to about 2 mm, about 4 mm, and
about 6 mm, respectively. The result of the computer modeling shown in FIGS. 6A and
6B suggests that decreasing the tag thickness shifts the resonance of the RFID tag higher
in frequency.

[0106] FIGS. 7A and 7B are graphs demonstrating example resistance and reactance

20 curves that parameterize the feedpoint Fant of an RFID tag in accordance with the
invention. In FIG. 7A, curves 100A, 102A, 104A, 106A, and 108A are resistance curves
for an RFID tag with a feedpoint Fant equal to about 5 mm, about 15 mm, about 25 mm,
about 35 mm, and about 45 mm, respectively. In FIG. 7B, curves 100B, 102B, 104B,
106B, and 108B are reactance curves for an RFID tag with a feedpoint Fanr equal to about

25 5 mm, about 15 mm, about 25 mm, about 35 mm, and about 45 mm, respectively. The
length Lant, width Wanr, and height Hant of the RFID are about 100 mm, about 12.5
mm, and about 5 mm, respectively. The graphs shown in FIGS. 7A and 7B suggest that
increasing the feedpoint Fant of the RFID tag decreases the first resonance of the RFID
tag in frequency.

30 [0107] As previously described, it may be desirable in some applications to decrease the
length Lant and height Hant of an RFID tag in order to accommodate attachment to

relatively small articles or articles having limited space. In these applications, the space
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for attaching an RFID tag may be limited. However, as shown in FIGS. 4A-4B, and 6A-
6B, decreasing the length Lant and height Hant of the RFID tag shifts the resonance
higher in frequency, which may detune the RFID. However, as the graphs in FIGS. 7A,
7B suggest, adjusting the feedpoint Fant can decrease the resonance to a lower frequency.
5 Consequently, adverse effects from shortening and/or thinning an RFID tag may be

mitigated by adjusting the feedpoint Faxr.
[0108] FIG. 8 is a schematic diagram of testing system 110 for testing a read range of
RFID tag 112. In general, testing environment 110 includes reader 114, which is mounted
on a bracket height H above ground 116, RFID tag 112, test surface 118, and support 120.

10 The experiments discussed below, were done in a small anechoic chamber. To prevent
electromagnetic interference, the interior of the chamber was shielded with copper
sheeting. On top of the copper sheeting, blue absorption cones were secured throughout
the chamber to prevent electromagnetic reflections within the chamber. Reader 114 was
placed at one end of the chamber and RFID tag 112 was placed at the other end of the

15 chamber. The distance between reader 114 and RFID tag 112 was approximately 5 feet.
[0109] Different RFID tags were used in the experiments discussed below. The RFID
tags were designed to verify the results of the parameterization of the length Lant, width
Wanr, height Hanr, and feedpoint Fant of an RFID tag comprising a 3D loop antenna
shown in the graphs of FIGS. 5A-8B. For example, with respect to Experiment 1, five

20 different RFID tags were used. Each of the RFID tags in this case was constructed with a
configuration similar to that of RFID tag 20 in FIG. 2. Experiments 2-4 were conducted
using a particular one of the RFID tags from Experiment 1. Experiment 5 was conducted
using two RFID tags with a configuration similar to RFID tag 50 in FIG. 3A. In each of
the experiments, all of the tags were created using a 5 mm thick foam core and an about

25 12.5 mm wide copper tape with a conductive adhesive on the back for attaching the tag to
testing surface 138. The silicon IC chip used was a Phillips ISO 18000-6B packaged
component.
[0110] Testing system 110 was used to test read ranges of RFID tag 112 on a conductive
testing surface 138 and a nonconductive testing surface. A sheet of copper was used as a

30 conducting surface. When testing RFID tag 112 on a conductive test surface, RFID tag

112 was attached to testing surface 138 using Double Stick Scotch™ Tape available from
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13 1314621 3 (7) - [2.1] E 75 15 25.7+)305 10 (15.8) - [4.8] Table 2
Experinment 3 5[0116] In Experinent 3, tag D, which exhibited the best

per f or marmwo 2009/18271@r i ment 1, was replicated and the stepsTafS2e8208367rent

were repeated for the original tag D and the two replicated tags, i.e.

DI and tag D3. In this case, tag D was secured to a 6" x 8" netal plate

with double stick tape and placed 5 fromreader 114 at a height of 2
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properties of which are not significantly different than free space. Thus, the foam core
approximates free space.

[0111] To determine the read range of RFID tag 112, the power level of reader 114 was
set to a particular value and attenuated in increments of 1 dB until tag 112 was no longer
readable. In particular, the power level of reader 114 was set to 31 dBm with a cable loss
assumed to be 1dB. Therefore, the resulting output power of reader 114 is 30 dBm. The
conversion from attenuated power in dB to the theoretical expected range in feet is

provided in equations 3 and 4 below.

% read range = 10" %100 (3)

theoretical read range = 5ft.*y/10™ "% (4)

[0112] In this way, Experiments 1-5 determined whether reader 114 was able to read tag
112 at read range distances D in order to identify a maximum read range distance D for the
particular RFID tag 112. Reader 114 provided a visual indicia to indicate whether RFID

tag 112 was successfully energized and responsive to a read command.

Experiment 1
[0113] In Experiment 1, the read range of five different RFID tags, i.e., RFID tag A, RFID

tag B, RFID tag C, RFID tag D, and RFID tag E was determined. Tag A was designed to
be matched to the impedance of the silicon IC chip when placed on a metal surface. Tags
B and C were designed similar to tag A except had different feedpoints Fanr. Tags D and
E were designed similar to tag A, but had different increased feedpoints Fant and
decreased lengths Lant as compared to tag A. The results of Experiment 1 are provided in

Table 1 below.

Tag dimensions (mm) Tag on 6”’x8” metal plate

Tag Name LNt Fant Z on metal (ohms) Read range D on metal

dB(ft.) - [m]
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[0114] As shown in Table 1, the read range for tag A was about 11.2 ft. The read range
for tag B was observed to be about 5.6 ft. and the read range for tag C was observed to be
less than about 5 feet. The read ranges of tags B and C were expected to be small because,
as discussed above, adjusting the feedpoint Fant detunes the tag by lowering the resonance
of the tag. In contrast, tags D and E have exhibited relatively large read ranges, i.e., 20 ft.
(6.1 meters) and 10 ft. (3 meters), respectively. This result is attributable to the increased
feedpoint Fant and decreased length Lant of the tags. In fact, the read range of tag E is
10 twice that of tag B even though the length of tag E is about 15 mm shorter. Thus,
adjusting the feedpoint Fant and length Lant in this way resulted in restored tag tuning
and read range. Additionally, it is important to note that tag D has a slightly smaller
impedance value than tag A, but the read range exhibited by tag D is substantially greater
than the read range of tag A.
15
Experiment 2
[0115] In Experiment 2, the steps of Experiment 1 were repeated using tags A-E on a
foam core, the properties of which are not significantly different than free space, rather
than on a conductive surface. Table 2 indicates that the impedance of RFID tag A
20 changed substantially on the foam core as compared to the conductive surface.
Accordingly, the read range of tag A decreased. The experimentation also shows that
impedance of tag D in Experiment 1, i.c., tag D attached to a metal plate, and the
impedance of tag E in Experiment 2 are approximately the same. The read range of tags D
and E in each of the experiments is also similar. Thus, it may be concluded that an RFID
25

tag can be designed to have nominally equal performance on a metal surface and in free

space.
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8x8 [20x20] 16(31.5) - [9.6] 12x12 [30x30] 11(17.7) - [5.4] 16x16 [41x41]
15(28) - [8.5] 4x6 [10x15] 17(35) -[10.7] 6x4 [15x10] 1107) - [5.2] 4x8

[ 10x20] IWO3B)o/Hp@. 7] 8x4 [20x10] 16(31.5) - [9.6] 2x4PLFAUSIMP/OIBILS) -
[8. 5]

Tag dimensions (mm) Tags on foam core
Tag Name Lant Fant Z in free space Read range in free
(ohms) space dB(ft.) — [m]
A 100 0 1170-521 4 (8)—1[2.4]
B 100 15 536-j661 2(6.3)-[1.9]
C 100 23 51.6-j377 No read (<5) - [<1.5]
D 87.5 13 1314621 3(7)—-[2.1]
E 75 15 25.7+5305 10 (15.8) — [4.8]
Table 2
Experiment 3
5 [0116] In Experiment 3, tag D, which exhibited the best performance in Experiment 1,

was replicated and the steps of Experiment 1 were repeated for the original tag D and the
two replicated tags, i.c., tag D1 and tag D3. In this case, tag D was secured to a 6” x 8”
metal plate with double stick tape and placed 5° from reader 114 at a height of 2°. The

center of the read antenna was also position at a height 2’ from ground 118. The

10 replicated performance of tag D is shown in Table 3 below.
Tag Impedance (ohms) |Read Range (ft.) —[m]
D (original) 27+j324 14 [4.3]
D1 (replicate) 234298 15 [4.6]
D3 (replicate) 36+j350 17 [5.2]
Table 3

[0117] The results given in Table 3 suggest that the impedance and the read ranges of the
15 replicated tags were substantially similar to those of the original tag. In other words, the
results obtained from further testing of replicate tags in Experiment 3 confirm the results

of Experiment 1.
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2x8 [5x20] 17(35) -[210.7] Ix4 [2.5x10] 12(20) - [6.1] 1x8 [2.5x20] 12(20) -
[6.1] 5x12 [13x30] 15(28) - [8.5] 12x5 [30x13] 17(35) -[10.7] Table 4
Experi mnerww020091%920119] The RF1D tag used in this experi memuUSaeo/0883i gned
using a configuration simlar to RFIDtag 50 in FIG 3A. That is, the RFID
tag (labeled D2 in Table 5) includes WO 2009/ 102714PCT/ US2009/ 033671

Experiment 4
[0118] In order to assess the robustness of tag D, the read range of tag D was measured on
different sizes of metal plates. The plate sizes were rectangular and square and ranged in
size from about 16 inches x 16 inches to about 1 inch x 4 inches (about 41 cm x 41 cm to
5 about 2.5 cm x 10 cm). As shown in Table 4, the largest read range was about 35 ft. and
the smaller read range achieved was 17 ft (about 5.2 meters). It can be observed from
Table 4 that the larger read ranges were generally achieved with tag D attached to the
larger metal plates and the smaller read ranges were generally achieved with tag D
attached to the relatively smaller metal plates.

10

Plate Size (inch.) — [cm] Atten dB(ft.) — [m]
4x4 [10x10] 12(20) —[6.1]
8x8 [20x20] 16(31.5) - [9.6]

12x12 [30x30] 11(17.7) - [5.4]
16x16 [41x41] 15(28) - [8.5]
4x6 [10x15] 17(35) - [10.7]
6x4 [15x10] 11(17) - [5.2]
4x8 [10x20] 17(35) - [10.7]
8x4 [20x10] 16(31.5) - [9.6]
2x4 [5x10] 15(28) —[8.5]
2x8 [5x20] 17(35) - [10.7]
1x4 [2.5x10] 12(20) - [6.1]
1x8 [2.5x20] 12(20) —[6.1]
5x12 [13x30] 15(28) - [8.5]
12x5 [30x13] 17(35) - [10.7]
Table 4

Experiment 5
15 [0119] The RFID tag used in this experiment was designed using a configuration similar

to RFID tag 50 in FIG. 3A. That is, the RFID tag (labeled D2 in Table 5) includes
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"W ngs" to make electrical contact wwth the netal plate beneath the tag. In
this design, the wings can directly contact the netal plate or contact the
pl at e t hrwoghosciapaai ti ve coupling. In Table 5, the RFI DPCagsasowio3isrngs t hat
directly contact the netal plate is |abeled "D2 (wings)". This REID tag was
tested wth two different IC chips of the sane type and is 5 | abeled with
"chip 1" and -chip 2", respectively. The variation in performnce between
D2- chi p 1I'véings bR make SIGQthﬁSﬁOB@CéWﬁgéh%@@tabnﬂétetb?nﬁ%éﬁdﬁ%eh\ﬁhﬁi depignrige

bet ween t chi I i I - -

experi rn::n\{)fgtllgé ‘é%e ‘%%@ ﬁ&\%%lgtg%e %—1@%# @Iaec(?rc?)gtag{&g% g%&fstg% gﬁ%@ﬁ%e&@%?ﬁi ng
was posi tindnbt JHeioREID tahevithed algs faat ee@lydtohtaet the ngsal platé hdahidDTIDL ag.

Post - It tes,, available from3M I nnovatiyve Properties Conpany of St. Paul,
M nnesot & Wie#sE - uSBY REED fageveh tstted v éwgﬁaf&?%t.lg srab e YqidePs #Kd he RFI D

tag & ncl yghdigy 'tﬂgéhil?j@p%ﬁ@t‘&fﬂp ﬁ”’qﬁgggéﬁﬁe@?t% Pl lin WPSer I éﬁé%rﬁeit\%ény

shorter than the read range for 't tags that direct contacted the
met al pl d2chipdwendd?-chip 2i mabed expladed dattotinpedrard vanmivoebaiveththcREI D t ag
i ncludi ng,W ngs separated fromthe netal plate with 15 dielectric spacers
can be i MptBved by designing the RFID tag for capacitive coupling. Mre

speci fi cghl0] tdhe PEKE HNRRS CosTRY P 8n R RN Ryt-@Hinushit g didi@tdiespatdy LANT
and feedpoint FAN] to better natch the |n|r:7£edance of the antenna to the

i npedancdob¢apapitive uthing waFpgsitippedanteecnRba theRd mtpée dBl the wings-of[thd RBD
(g5 R R IR R i b o Bl 220 16
Minnesota were used as the dielectric spacers. The read range for the RFID tag including
wings separated from the metal plate was substantially shorter than the read range for the
RFID tags that directly contacted the metal plate. However, it is believed that the
performance of the RFID tag including wings separated from the metal plate with
15 dielectric spacers can be improved by designing the RFID tag for capacitive coupling.
More specifically, the performance may be improved by adjusting the length Lant and

feedpoint Fanr to better match the impedance of the antenna to the impedance of the IC

chip.
Tag Impedance |Read Range dB (ft.) — [m]
D2 (wings) — chip 1 30+320 14 (25)—-[7.6]
D2 (wings) — chip 2 30+j320 16 (31.5)—[9.6]
D2 (wings) w/Post-It Notes™ 234180 509)-12.7]
20 Table 5

[0121] FIG. 9 is a perspective view of an exemplary mounting member 200 for attaching
an RFID tag 210 to a substantially non-planar surface. In general, mounting member 200
is attached to a lower portion of RFID tag 210 and is flexible. The flexibility of mounting
25 member 200 may enable mounting member 200 to conform to a substantially non-planar
surface, such as a curved or irregularly shaped surface and support RFID tag 210 in the

substantially non-planar form.
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101211 FIG 9 is a perspective view of an exenplary nmounting nmenber 200 for
attaching an RFID tag 210 to a substantially non-planar surface. In
general , wounwywrg7irenber 200 is attached to a | ower por PCoUSed0IMBID t ag 210
and is flexible. The flexibility of nounting 25nmenber 200 nmay enabl e

nmount i ng nenber 200 to conformto a substantially non-planar surface, such
as a curved or irrequl arIRﬂ)é shaped surface and support RFID tag 210 in the

subst ant i[8133] Iﬁ@ﬁd%l erfhe REYP hae O tgd@tmtlyomawﬂwz@@grfe%@mstmw@] I'n
der f h
order forgh hlﬂ B '9 lg#%i Sajtﬂatt oﬂﬁtﬁiﬁ 0 a t Eg%ﬁ@%%t!?h&ﬁ%@ ?(?I{cfﬁ%ﬁv the

structure s ouI esi g a sufficren et di st ance
fromthe surfl(‘hJ(Q)Tr nsvrﬁa&tﬂﬁaaceéaectmmllymoﬂa;dleluatveanateﬂuﬂclietwmlth@/taycamtdmduct [ ve

mat eri al be en tlﬂg d the surface). In el?}t her case, theurTr_ﬁun{)
menber sePHPSRed £ fﬁﬁﬁed Q&W%&F&%@’%W&%@t ?Rgg)éﬂgsff%éléﬁ Fsby
di stance armytm*?é’e se&tsﬁﬁicetrﬁay?‘ﬁe %e'?é?réa%%theq{el Kﬂ?&%ss f thd"olRHY | N9
menber and be greater than approxi mat el y mm [ 0123] Conventional

nmount i ng rnmﬂmrasdmag tebexgeagergblart @padmm’rﬂ}aﬁmﬁﬁl D tag to arelatively fl at

surface. tin havi ng, a str e sha

st t abr e D6 e e S Bieaed bl 67 R e RV RR TRy °°

nmount i Ng AR KRELccMY mBRhtimemd86eH Haalled f1@p-1iRE bABI Uk ahapE HaytRGuitsbi@ curved
surface. For exanple, curving a conventional nounting nmenber may cause

i nternal fhoattashingianRFiDrthe tosa ﬂ@tcﬁtutfa@e tHewewt fthistmaeuneing mesgher mpyantbshape of
t he untd qgt{lg?or a?ta%hu? act k%ﬁb? é avgutr\t" qufo unt#orgxamplgf ruzwt Eats t Pﬁ\é?u?es

subdt ant i*4f kne ™he pro m-i s gge

t hat haveoafergdhermaintaehdnity hely @tscdigtcuid fates Williig @ife stidaiic tat MEEIr €S
transfer the stress from 15t he bendi ng novenent into the side walls of the

st r uct ur ¢he Tgasity aydewpe pbthsingranfige membsr.artiriaslyanidhin maygEsg psmbgeskl e and
bend. [Tﬁlltg‘tlhaéb% %515/ E&t&?? setl“hb rdoah id Rl e%g%bp&tgg ﬂfstﬁl%t{f?eé @8{ eased

mass. |cu ortance I n transpor Ion Sys
because tHaee anjdﬂﬂnmhmllfmstrhﬁufmﬁtang@ rfeich etrudtanys rresaféitthe sirgse doaed

efficiency of the vehicle to which the ID ta d205truct

at t &6hed. e Ren HRECROBTMN Ry ﬁienﬁa'i%a T StRREMY o Thidiesa ﬂt&‘yﬂlaﬁj P@%ﬁong f oam
or bubbl g,fililil bWaAsRs &PGGRIe SRRy al s of the nounting nmenber, but at the
sanme time may increase stress during bending. This stress concentratl on may

cause cr d0k24 A accdnflay Ipvotdcrofis ﬁlhethmkwntwtugps rhavrdz)mcreasmﬂ/ massRAB magbe p0125]

Fl exi bl e nountin structu e 20 n eful for

ot e ng ot Bp R o ot m i DerRamt Faned B o 1wt §le

mount i ng rﬁ&ﬂp&rma%)o@sdlﬁmaf%&&%ﬂ%ﬁidiéhc?%?@16"\%@10’?@1@ Mﬁblﬁﬂlelmbﬁgﬁn@n ant enna

212 and an IC chi'p 214. In general, RFID tag 210 nag be any type of RFID
erney

tag20 As afrueemyt éttacrmdeWham&szofﬁhyn@@n@ngamemb@rpmam byoiasdinged in
this di sclogurg bﬂlg@%{’ttﬂg spa%xlal’ﬁEt ﬁals%?’ihe’}%‘wﬁl%g n%){be?%u? a?tlﬁe%&mg'P %nt enna
wel | known i Ch &

esive, SucC ressure senS|
30adhesi Rayoincerasditaid @rt@ﬂjeﬁdmgasthtsa;tmsa@bntmfaﬁ@ﬂ IhﬁtyR‘Eth dragkindd4hdt o

surface Zf(a:t)l%urg fof g‘})eunqgl.llnrgl%g nn?enn?beelt al%((ij/gr RFID tag.
[0125] Flexible mounting structure 200 in FIG. 9, however, may be useful for attaching
25 RFID tag 210 to a non-planar surface. As shown in FIG. 9, mounting member 200 is
attached to RFID tag 210 which includes an antenna 212 and an IC chip 214. In general,
RFID tag 210 may be any type of RFID tag. As an example, antenna 212 may be a 3D
loop antenna as described in this disclosure. In another example, antenna 212 may be a
2D or 3D antenna well known in the RFID arts. An adhesive, such as a pressure sensitive

30 adhesive or a curable resin, may be used to secure RFID tag 210 to surface 202 of

mounting member 200.

36



WD 2009/ 102714PCT/ US2009/ 033671 101261 In FIG 9, nounting nenmber 200

i ncl udes surface 202 (which may also be referred to as a base nenber) and
spacer newero@/10203 attached to surface 202. Spacer mat @CcraiS2@9833631
separated into a plurality of sections 204 (i.e., nmounting structures) that
are shaped and/or spaced apart fromeach other to pronote flexibility while

al so reduci n(%dwei 8ht of 5mounting nmenber 200. In the illustrated exanple,
surface J0b26idy Fde. & rapyrriagapambes 289 ingludep s fags 208 (Whigh érayalsodgzreforigdt hi s

case, sur Jexi ' a $olimt
tho T1 oxi B Froo gyt et il B s Mol B b p e Bah oy "he
separ at el203ds sepaled h® splufaiceole2tions? 0dt(her mewainy esictusgader araheddal 203
may form bath sections_204 and surface 202. That j.s, spacer. material 203
may be sr?élﬁ}é’a Spasediapahion cpa8 Etbet Té’rﬁrPlé‘PTeﬁqxlltéﬂtyt%lﬁfesﬂi’q ReeciDg Y iEH! Ghi ch
RF1D; tag r&?igﬁtfn nAhRehed Andle @1&%&9%&@@&&&9@&@&% hag a G BXRAAESI
surfaces of sections 204 that attach to the article sﬁr ace. Consequently,
sect i ons tR@dspaagr rhacrid208d In thispac enrfact 202 raby POBadnof hflsxiblasesterenl ghat by
enbossi ng, nol ding, o t.herw s. api ng spacer terial. 2 into a form
navi g, odieer Bt Hes g b5 Ao Eeh P R en BE gkl s Shind K oo  sed to
provi de sypdrhelyelitacBdPBRuEfade0r02Rh BrHeRBx es, EPdccEMARAhE203SHAY RER LB My
define a surface area so that RFID tag 210 can be conpletely positioned on
mount i ng seetiine20200d surface 262 e khatds.rspaer mratarial 2ogmar bbehaprd o defincext end

beyond t he, qut.e rinet of.+.ag .210 ver,. the. design. of mounting
mondor 2000 SR oPaufer’2od Bhuf g RE AR 5 AR eh T koD Pisken as
201 i m ti ngfined BRyheWRposcBatiffedes offBatiibhNNBaRRacR QtheatichayMeraagly shape and
size and include any of a variety of features that &[prmte flexibility

and/ or r detisediopiy.gisetions 20 may beifppeed igispacer makial BAT indhiseate. 812y or
e r vt ur ebicfle ot SRABGR LY ShHEErmaRRth SITEo ] R EheRections

non- pl ana04sur f ace. 25[0128] FIGS. 10A and 10B illustrate an exenplary
configuration for a nmounti menber 220. In particular, FIG 10A

1 s tr bl Mebntbagamerweé%%Bfmwmﬁaﬁ@ bfsiepe o probide Srifsinb PRy fah RrFI D
tag, suchr@p &Ebiht pg: &%Qelet, QuiRaRYDS _%?Jegﬁde%hbﬁ OR8N theUF1dF@e 216
illustrated exanple n Fl 10A providés a detailed view of the Surtface of
mount i ng caebepmpREely hatitiaiadanhesurting amenalrer 200 .e Insend admdindent REdDtingg may be

secured to the side of mount i ng, nenber, 220 t i s opposite .the.surface
Shown' | n Thyeber 20Ny Ereri beTonEinG Pl Bromhef &k &0+ R R s Btk Bt orm
surface aholRMBhdMebdrR0DSHow2 A K107 938 bRl Bebniargindkhduld BoSBY thRGEasand an
RFID tag may be attached to the top surface nmounting nenber 220. WO

20099 102 Amminayg inuspoeay-0R@B8F1 mponiee mambshihmpnhic@ny sbape andsirciang menber
220 i ncl S surf ace 22 d I i of .str s 226.tha rot rude
sabst ant 01 P4° BB 1aRARl Al ol Bt o Bha ) bELHERE SRS Ri8

subst ant iridbled s@UEMRE that EaBhE Mbh@6€ac2@d RAIDaag 2P0, Qf chutkeel Slisicand, iaal | y
perpendi cul ar to surface 224, and are spaced apart from each other. In
parti cul dthergeatuige pystarctwonthaigromaiedieribilifyyiet attachingddiliDhias 24 & ¢ APtkness of
nount i ngmg‘ﬁﬁ%o' The hei ght of structures 226 may be substantially

| arger than the thickness of surface 224. Generally, surface 224 may be
subgst ant i1[8128] RIGISnh@A ahthd0B silustratelmes e ptirywbor feguraiontfer amogntsty membieral

i nt it i.e., whil fficient, st th t f 224
from+ ai 171 phreenes Ty | CA TIPS s s0p WERcHor! TR o2 EHEIRF O30 B | 1y
af forded Jaycighe HE RETG%ag2 2fch s REEDIAL 206 & BUSstddtiaft) Fon-dPar §2&Re OFhe

structures 226 may be tapered between its base and top. That is, the
surface alesratdd campbt indde. POA prayddse dgtalad ercvaot thh eunbaicof nwiietieg t hey

attach to susrf 224 t han, where they. attac an article. Becaus f the
Shane andneilal G St PR Teb S5 RE S uRiud b Sohiag BERRR Ll it o
i N sebst andimdnk Yndiber D0 @k isQUppbStcCB b@fdPe lsRowdn GHFNEC 0Ar THat Rthedidw shaped

surface. As an exanple, nounting ' '
shown in FIG. 10A may be a bottom surface of mounting member 220 for attaching to an

article surface and an RFID tag may be attached to the top surface mounting member 220.
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15menber 220 may be manipulated to bend about its major axis or about its
m nor axis. In either case, this manipul ati on of nmounting nmenber 220 causes
t he spacewbebwemwerigt ruct ures 220 to decrease. Accor di nglpgT/ush@omaiyree to
whi ch nounting nenber 220 can be bent may be defined by the shape of
structures 220. Thus, the shape and spaci ng between structures 226, as well
as the shape of the article surface to which structure 220 is 20to be

at t ached, (083 A osheands A0 d e dnoiéing dessnken 2AQ inelydge # spidacz 234 and 2311 FI G
10B is a i i i i . j r ryAdetail .
seructur SEBABEE NG S kil PRURGL WML EHE pbEndafla) Rl EMEL e

st ruct ur ésru’ et onpoatnidongbeendxdly R2OardFrdm surfdr 224 N.pairdtredel sabstaktlaBy 10B
illustrates structure 3265%E&a8hed from m)L%nti ng menber 220. Structure 226

def i nes dickpeafigular tq systace nd greapacesbapert teopy piich0iBoy7 i pYECYIBE  gj de 227A

I's nor rmlslt%ct?&és%@% Have Hrhfe?gzh?th%?é‘efﬁfes HRYAIckAG s BEARG A2 AemBliL2d0S 1gXPOSEd
in FIG 10B for i1llustrative purposes. Side 22/B i1s substantially parall el

to side 2R¥Atahsiricsurde3lgmeylb¢ sutatantially tacgearthaarthe tlicknsssrdffaudace€?d. , via an
adhesi ve. . The .di st anc et ween sides . 227A and 227B defj.nes .a hei ght. H ,

o oh meyP e eSS 2Rt Bl e v BHTBUR T Al EoTicato BooTCaM Be TS cussed
above, sufdaeel 2ddeitgsi.@ whilEletlidiNebyrfisient Atrehgthqls PESInt NFaBE 84 RYSI Y

descri bed the thickness of nounting nenber 220 nay be sel ected to decouple

t he RFI D fedigef fothis Way,shdete32daloey netd il dtei Nexity lipyfadmed addbywouctures 226.

[ whichei h i [ nb _
i ghe erBGTEnTOManIRe. 10 el SittushBefas e pBeThiRlieafy SRR *°

[0132] | nop.hehatlil, wisd Juafaeel a dfp@turtH22Bmen bel gfdattedt My psindeh22they s | ar ger
than the area defined by 227B. Consequently, sides 227C, 227D, 227E, and

227F ar e ¥ag Beurfaraiidban whswdbey ¥iashio avartigker Becpussrofithe showe adper s from

side 227 4 i ]

rount | ng RRREST SR e T i Db A b AL O Jor AR Sy

i rregul ardisecsbrapasnornd ta@aeurdddlos 3tedudarlyeshapgal @rfac@uAt bngxamepibanowd2idgmay be
mani pul ated to nformto a convex or a concave surface. Wien nounting
rener zzeem%erﬁéﬁiw bR EENIDYIEE 1 DY 06U B RPE RN 06 qub He MR EXSp AR

bet ween aghhacent i Mﬁﬁ%ﬂﬁ%n%%%&ﬁtiﬁ% eheadr 2PERISPRE kédce Bkdween MOUNt I NG
menber 220 bends in on’itself such that the bottom surfaces of structures

226 ar e btrootyhts 220 ds decredge tloeordin@ly, thredegrdeao whaeidmourdtingouernbarg2fwaber 220

is attached to a concave .suyface, untin tyuctyre 220 hends such that

he spacetsiEas e IsdDahs St sl Rorea o bHE: SPRIPdsPSSE | nor eases.

15[ 0134] Yehv@AQkrieiurdX2BPds8yel MRS kilGe BB fFRatide Qurfl t& ¢/ haht seabRse 22 ian

i rregul arl)ll/P shaped surface. The irregularly shaped surface may include nore
F

t had0 one tele wierhsdrshgeld beronsidseadpihen designing ptructerc#gY- have an S-shape. In
1 Ry L0850 A DO EIDER R DI R, SR 1
curved subasg: reprep@it! fanttamplstd dodfigii@sor dbeathlofwtructures 226 of mounting
member 220 (FIG. 10A). In particular, FIG. 10B illustrates structure 226 detached from
mounting member 220. Structure 226 defines six sides, i.e., 227A, 227B, 227C, 227D,
25 227E and 227F. Side 227A is normally attached to surface 224 of mounting member 220,
but is exposed in FIG. 10B for illustrative purposes. Side 227B is substantially parallel to
side 227A and is designed to attach to an article surface, ¢.g., via an adhesive. The
distance between sides 227A and 227B defines a height H;, which may define the
thickness of mounting member 200 because, as discussed above, surface 224 has a
30 relatively small thickness. As previously described the thickness of mounting member

220 may be selected to decouple the RFID tag from the electrically conductive surface to
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20nmounti ng nenber 220 to be mani pulated to conformto an article surface
regardl ess of the shape of the article surface. It should be noted that the
RF1D t ag wotemwe7ito nounti ng nmenber 226 shoul d al so bePd&aiSgeem3icol be
flexible so that the tag can operate when it is attached to an article.
101351 FIG | | Ais a plan viewillustrating a nmounting nmenber 230
including a surface 25with ribbed structures 234 that pronote flexibility

for attachugyitanattaches viggnoustipg mesnbrr2 .+ png eobodgnent gkt hmax bey

non- pl an nount i ng nenber 230 nay be simlar to
nDunting%%%ﬁ%ggggggﬁ$§ﬁﬁﬁgﬁga%§bept for the configuration of the structures
t hat prootid2]flhekd dliubtrdtyd Eampbeinkid aga defiviedby28de. 227018 6drgrthéd Ge aichA,
structures 234 include a plurality of ribs or ridges that arc parallel to
30each otq%épe%hsa 250 : eSOl A1 e 8,5)7%7& @_g’ci?@f arg AReled Ffiharies 234
has & I onglf ylbnd mdidihgfioaddiabaiands. ssbetamtinl byc.aerpendpcul ar to a
|l ength of an RFID tag. Structures 234 protrude substantially perpendicul ar
f r om sur fsawetug322anbaras thisghape dnamang nfendrer 82@ barb® manipulated to conform to

2009/ 102714PCT, USZOQﬁ/%? 67%10t er. Simlar to structures 226, structures
234 may BEWEFEY YUY tHBY d"EGFf ace area of each structure 234 that

contact s [9¥s3|aR cRAdple SmeuR crhB@28 nsdif fcafiplaRd & cQmsin & 4 gl e 234
that contacts an article surface. The tapered shape of structures 234 and

spaci ng betweservsspdatou rWiepBoupimgmember 22Riipinanipylagfd tersaniormdo asatvex 230.

i 230 . fi. b .al | )
Doa 1 g NEIRCInpRe bty Fd b Bt S g Mot pERsdly. St “encr

ot her. Aaf@iding@hdmbeiROObemy ineAeslf SaB thathdbothefieresd othituidsedobl e i n
at |least one direction, i. along the length of nounting structures 234.

e.
101371 FIae brought glasentaspthar vr e atheidepdtil mguatiteupmber 29eprbéichodity & ni | ar
to nmounti r . i i i nti ng
rorber 290RGna e, nfedtin e ILARE TPSERRL sty b haRbod (BBGRBIAT. 18 e
244 t hat suehtasefadjpcdivegucurct a2@incvdasese a | ongi tudi nal axis 245 of each of

t he ri bbe ructures 244 extends al on e lepgth (i.e., substantially
par &F 1 el [3!5‘{1 H8 apethgt Fpmprie. APUREPHICHE: SO afftaﬁila%gq Hhirregriayy

per pendi gyhgg dufratd el"ﬂe%ﬁg%ﬁ!alg; S%eggﬁt@ac@%gary ihPlu@t Bl MaA B8e ol @P&Bface. |

structures 244 have 15t apéred edges, and e spaced apart and substantially
par al | el Koo ceaupleothheurfacthey, havountS-shgperelnzbrs c2¢0) a pastidneof paountiog| ar | y

flexible acrps he wi dth of unti ng, nepber 240..,1013 ile FIGS. 11A

na 126, e 2D Soutat Gt AV R R Ay O Pk PLEeRP A L hat T un
subst ant iAéherPe0 REAHEY tPthe btheP bursbPSirdRE] Bhportdaky adthRluré® dikagt h of an
20 RFID tag that is attached to the nmounting nenber, in other enbodi nents,

t he 2frountmheuptiegmenaker 820 trle mavipulaindttp epnigrm imgeamtiste swifeer regaydhoss of et he
RFI D tag. l e, i ' ' .
20 L ofAN RIS AeCP HETREEL AR ot R KRITEL RO, LGB AR

extend su ant a I"agona oY an ‘approx egree angl e)
to the | enghberaR6tsheulRelsd bt agsigdddltid Dt flckiBle do2thiistha tdgl n opeaw whdnlistsr at i ng a

erxibIezggaﬂkkg%ngﬁgRSr 250 with a
[0135] FIG. 11A is a plan view illustrating a mounting member 230 including a surface
25 with ribbed structures 234 that promote flexibility for attaching an RFID tag, such as
RFID tag 210, to a substantially non-planar surface. In general, mounting member 230
may be similar to mounting members 220 and 210 except for the configuration of the
structures that provide flexibility to mounting member 230.
[0136] In FIG. 11A, structures 234 include a plurality of ribs or ridges that are parallel to
30 cach other and define a ribbed surface, where each of the structures 234 has a longitudinal

axis 235 that extends substantially perpendicular to a length of an RFID tag. Structures

234 protrude substantially perpendicular from surface 232 and are spaced apart from each
39



25channel ed structure 254 that may be useful for attaching an RFID tag to a
substantially non-planar surface. As shown in FIG 12, channel ed structure
254 may beofoeamee7iby a series of fingers that inter-digPCatus2e000B362RCh

ot her. Again, these fingers may protrude substantially perpendicular from
surface 252 and have tapered edges to pronote flexibility of nounting
menber 250. 3010140] Mounting nmenber 250 differs from nounting nmenbers 220,
230, and 2. SEnH¥He strw@uﬁeﬁﬁg% saiuct@fGSr%}é mayrRy tArgierbruchimtasueped seeef The

| nLerior Jin R ROLRSEY BtaabAnREL adh SLEUELARS, 2ol A QAT wARELL O

| ayer. Enclosing the interior

2009/ 10271B4M/cb82&@9ﬁ@ﬁﬁﬁe75’lurﬁu’ce n’iﬁh@tapd\talh@@eﬁ stri@uree 234rphdespacimgect i ng

addi tion adhesive into the chanpel s defined by chapnnel ed structure 254
may pr ovﬁ:@é ?%@5@%%3@%@% Xﬁ&ftngnmuﬂen%mgw@%?% AOWYHEIPIRIY 0 t he

artigle %‘bf ﬁ %d%%h@'al%ﬁg BRY tﬁ B?&trdc%ur@?)’ypﬁn@ﬁl% 'b@*b@nttlﬁm‘?ﬁ&e seal

nount i ng ne 0, 220, 230, and e., enclose the interior of these
nmount i ng tSpmcr:bextgs obgtrq@hacs ngl eéoubwﬂ odiere mgqrdarg@u mebunheg edgesr 230 he

ti menber t h t |
T T s SO eattihy RetiBR aFBiiiy 5 TFERhns, dind GRigutiab Syt ©i ¢

ef fecti velycmealz4at he edges between the article surface and the respective
nmounting nenber to protect the interior space between the nounting nenber
and arti d0&HUGad By dphar migw tbhﬁ@értml a ety mémaber P40 sihifas ¢e mopetizgihesi ve

and ause_th ti off of the arti rface [ 0141]

5o Szl N b BRERS oA Birtref bR oo P sk B2 R0 85 s © ¢ ags
WI th a Niepiusdemomihe mehibat 24£mflhblua§s ﬁlﬂi&d@ﬁhaufe’sglﬂ4&1@1t Iaeﬁ@et&ﬁsﬂs@dsuﬁec@
substantially non-pl anar surface. particular, FIG 13A is a conceptual

di agr am iWhaid & fepgitadinal 3§<i1%|%45v<?fé?\ﬂﬁlb9f the spbedsiuzmes 4 Grignds alongthaignghich
RF1D t ag I r 264 which
incIudesié?f%%fﬁgggkg@gdﬁ%z%&%p§%%p(H%keX|%ﬁ%%ﬁgﬁgﬁngH&nﬁﬁgﬁ§ RFI D t ags
262. NbuqmnﬁgdeMbermz&mgmmﬁimREM&mgfImﬁmath@blﬂMmd@ﬁume&szawhwﬁso 240,
and 250 or a(ﬁ(fther concei vabl e W@%ﬁg Ee i ncl qﬁg 3&»uctures t hat
profdt e fRRSKE ?gef)ﬁn AL e %ﬂﬁ‘gla\? 122y PaiggeliP i beU264 may be
forned b»n&nwﬁgan@érﬂb&maﬁ ?%ﬁlcuﬁlr'ﬁlme@{?olé:%&sqge QiR P AR AL mERGer O | of
RFI D tags 262 y generally include "20 a nunber of the sanme type of RFID

tags, but24fay, in sone cases include various different types of RFID tags.
The RF1D ) tive or ssive RFID ta and i nclude a 3D | oop
antenna A0t oWRs RS g e ERSAF rchp s RERORS svdiine Akt5es o 3p
ant ennas. sty OhARlthASus AM¥ANti Ay pPpentiBAylarttd 8r sillstanBillyRFdrildl 208 148 dray be

rolled over a top surface of ‘nounting nenber 264 such that the underside of
RFI BP t agerﬂ@Ztaﬁlt@t[Eﬂ aeelpdon tlthq@ow@plgzs@mbeframe)tb@rr otheAimengs, thawpewntd@4.  For

exanpl e, stnlﬁ@ﬁulfe%lm%yoﬁcf.vggﬁig%h&ag?a ég%etﬁa vyltlf Pld 4 é&‘ﬁag%gu rﬁor%ga fIbgr 264

such t hat ongi axis o uctur runs a ng a wdth

WANT of tdue eﬁﬁbﬂlnﬁ@ﬂﬁh@ﬁloﬁﬂﬁﬂ@stm&t&éﬁnaﬁext&hd absahiidBl JlagdikllP(d.@aQst ad62 may
be applied to nounting nmenber 264 such that a |ongitudinal axis of each of

structuré@PQBGnWGH5§P§ﬁ6aﬂﬁé)ﬁ%h@?*@ﬂ%OWWQBfg%ﬁg 262. |In yet another
e A i T R O i G P e
RFI Bs t agschafizledNBu2Q002 3D Ed0ARPCHE WSTOIABY &886inE an RFID tag to a substantially
non-planar surface. As shown in FIG. 12, channeled structure 254 may be formed by a
series of fingers that inter-digitate with each other. Again, these fingers may protrude
substantially perpendicular from surface 252 and have tapered edges to promote flexibility
of mounting member 250.
30 [0140] Mounting member 250 differs from mounting members 220, 230, and 240 in that

the interior of mounting member 250 is enclosed. The interior may be enclosed by

channeled structure 254 or an outer shell or layer. Enclosing the interior may provide one
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101431 In any case, an adhesive nmay be applied to the top surface of
nmounti ng nenber 264 prior to rolling RFID tags 262 over nounting nenber 264
so that twe eaahwzilve secures RFID tags 262 to nounti ng WERhESR0020336a6 t ags
262 are rolled onto nounting nenber 264. The adhesive may be a pressure
sensitive adhesive or a curable resin. Wen 5the adhesive has set, RFID
tags 262 may be cut fromthe structure into individual RFID tags and

nount i ng rErdse pdedisaesp| Fersexapple, pyeating gdditigad deesia intg, the ehaspnals defiprsdwn

tt f
ULt g LGNSOl PEREESS PR TR RE. HER Rt 10k Nidhgl, FEIRugege {rom
Mor e speaohforak iy theRaktigle burBiBei Itlshisiild dkestcRfthdd 1¢mgﬁbaﬁaﬁrbﬂie 0] alcgedeacbn top of

nmount i ng nenber 264. nes in 10FIG 1 i.ndi.cate paths for cutting
RFI D t agsmwrtswgtmf‘énb%gﬁﬁ% Hﬁbfﬂ%#%l@s@ﬂ%@ tﬁa@t%w Oé&ﬁé%moaaim%n agr ans

1T ustr atrhé}ﬁ &5‘ £c1 H?Jd%f%ﬁ%%uﬁ@{he%ﬁ 4 b U RkifZhOnbadsnid B a

m)untlngrre at e es t eRFDtagst be attached to a substantially
non- pl anemomlmmgmnbdr s prchédctoltbe artielrohriade ﬂd@ﬂowﬁig th4 Epoxyl tosircat Whem

sequent i inth ufac urin r 5[0146] FI is a
concent udre SREgHametieR B PRy b R e GO er e Aty Rer Bt ng. menber
for an RRbet@e mbhifein 'Y&m&érlﬂéﬁ;f&é&ﬂleqﬁteﬁﬁf Bab@Betdédn Mlcar@htinp hepcgavi ty
270. In addition to RFID tag 274, any top or cover filns that provide

pr ot ect i (ﬂndtamcmmeacaérozvmvmymant@bdmagﬁlth@tes@lay HEictihe adlgsive @AGawietthe RFI D
tag 374 V\hen RFI %te%g%%%@g an]\é tsqle rotective filnms have been pl aced
in caV|ty S tf %8 9 (5 ‘th a 20curable resin 276 as shown

in FIG I[9(211]@Gsexmh@,13Ba1\1fuswte2a?1ckxmmet1sioéeisb f@ thdnsiFareLring] FIMD fps nol di ng
with a thernoplastic resin. [0147] FIG 14D illustrates a shapi ng tool 278

driven i rW]éh aa@umuzgmeméﬁratbatrrglabl@&rheﬁ@%gs 9ebeptiaghoddo jarstbstareisl an% untl |
resin 27 Y/

{hat pr outar pfElee, B BRLCHL 005, B0 Ron0 ARGk A EREAI S8 SRE 55
may be shasgeténtm(] ﬁfﬁpﬁiaﬂtfasﬂmmg'smnlﬁSF]IQﬁgs 2BETG243A, OntedbZ60 unbkndeml n 276

Al ternativel shapi 278 y cut t structures, 2 234,
25418 1 omP@EiiE REILEF géfﬁw iclpds @at@gt%%%é tha promate figx élﬂé}’ a@ﬁsm e%. h 276
has set q&ﬁhﬁtggmm Mg%tlr?g7r§erﬁ§§r %@%yrt?er@l\éqgmo-ﬁlﬁﬂﬁ%s WhaturkeImi B bagcavi ty

270 forns an IDtag with a mounting nmenber for attaching the RF'D 30 tag
to a subsmdtDak hyy ntrhnr @inacisabls mduat:eg miembsr lrmakmdﬁ@cstmctlumy thatpcasstemay be

ticul arl bl f ¢ch t th t
i 1 onneledifiga gaeT g SFF T o B REPTICE 9t SR DR AUTEGR. o RIS B ocess
al | ows t heoddédd, §iRH a@@é&ﬂﬁ?@f‘éhﬂ&bsﬂ%mre rolV\6¥ RPA91L0261 ARG HhiS2RP RICARRE 71
e

assenbly to be fini shed with ribb sections at the edgeS, which may not be
abl @t o Benudlier efthe same ynesifRy IDHagH buicees ivlseyae Faseslinchidevasousidifiersnd 13B.

[0149] FI cll‘hn e g 300.
RFI D 1 ag 'S0 Tt Bl SR eR AR A FaP B borBuob PR BR300
ant enna 311 10dp abidhthdad &GcFEYY ih gk ddeﬁ)s@fe ot btheBEhvbhtadnal DG 3DNEité@Had t uni ng
element. As illustrated in FIG

[0142] As shown in FIG. 13A, the roll of RFID tags 262 may be rolled over a top surface

of mounting member 264 such that the underside of RFID tags 262 are placed on the top

25 surface of mounting member 264. For example, the roll of RFID tags 262 may be applied

to mounting member 264 such that a longitudinal axis of each of structures 266 runs along

a width Wnt of the RFID tags as shown in FIG. 2. Alternatively, RFID tags 262 may be

applied to mounting member 264 such that a longitudinal axis of each of structures 266

run along the length of RFID tags 262. In yet another example, structures 266 may be

30 similar to structures 226. In this case, structures 266 may be substantially evenly spaced

over the underside of RFID tags 262.
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15A, the fecdpoint FAN-T of 3D | oop antenna 301, i.e., the point at which
| C chip 26 couples to antenna 301, is offset froma center 34 of 3D | oop
ant enna 380.2008¢10eA8cr i bed above, the | ocation of feedpoiPoi/USAND/083Y1 be
adjusted to tune 3D | oop antenna 301. In other words, the |ocation of
feedpoint FAN] may be adjusted to better match an i npedance 10of 3D | oop
antenna 301 with an inpedance of 1 C chip 0150] Additionally, slit 302
of 3D |odﬂlﬁitleﬁﬁacmlamwea@was’baaealp%dcfptthw DISUHRGSOTENQUABAE THCHRDSF ur t her

tuni ng ofy¢ e,g-\pﬁg by a
di st ance of 8??{&0?‘&% %ﬁs ?% {’%é%g‘ﬁ%'“ﬁ B‘FDI%%J%H %{@g tqlhgl Q@Feé% ngA,
Sor psi - rsetw@es RFIeagn egato meulmny merﬁb¢rcﬂ64fas ¢aps 262 atd pll26ontSlmdund6g has a

| ength Lsmthat represents the Iength 150f the slit in x-di ectlon
such, slimen prea hesies dnaysb eaaaraﬁwraseeaﬂaae&?ff%eﬁaweh CAGSId t"ﬁhea gap

wi dth eq L[ﬁ%} a(‘iﬁ%sﬂv@ Iths set llglilgbltll%s-r 5 hepal Butq{r% Itﬂet str%g%re fn%&-&ﬁhwd@a'ﬂ ﬁFﬁlﬁe

di st ance at slit 302 is offset fromIC c 6, Sorrsur, be adjusted
to tune 3ipd adpnamtiepmnEndRr asmitd. Die cilesgy Iabferd:uttmgf ulrdzthe“rkmmauuttntgel ow,

adj ustin eIenthof slit 30 Lsr i st hat slit 302 is

ot set 20PTBHE ey SseRaklo S B RHTPLORURT) T FBET Ve | n tun ng
an i mgi r[ﬁMAFFZGt 198 i AR trb iR 8 46g18n 9fewddt Jyoem Bt MNBR sgifiEflyerr@d3ro as the
react ance ditionally, such adjustments may be used to finely tune a real

part of tiHestiatgsditfd Pclego623BE Indangd an temelamontingenembaes @6¢ o DashadHmes &5 st ance.
e e t he | epgt h,. of e between approximtely
%1 5 m%%%gllgﬁtl dlcat adl Pogfcuttt]ﬁé ﬁs}:{ilﬁttagﬁ m?}te mh Ba 6 may be 25bet ween

appr oxi g e43] }ZGS 15AIIT4’E dr®3&ekptunl difigamx arptretind iﬂd)ﬂtdiraieﬁﬂplb Prdekess fol SA,
slit 302 is |located on the shorter side of conductive ﬁgrtlon 40. I n other

wor ds, sltpnuigepuning RFHLtegs fith s meudie paopebar that geabdesthe BFHR&gsémBeas 1 C chip

26 is off r apt enn 0 i negative
i ot 1 S GRSk Ay SoRp it WRRE. I EpRA g Fias, PP TS, T
the 30 Immgmtessmséeu@fnab@qﬂimhemn@facmnﬁglpr&essay cause a significant change
inthere se of 3D loop antenna 22, |If the offs | C chip 26 from
cenfler 343g‘m§ﬁ hg 1%%)?("1?‘161’%‘5‘1 &}FQKRFP 111P§ra|tlﬁgtaﬁé"1f’§’e§’}a)t fi)\f/éa%tmalarr%%tla% t he

| onger ponpthog pLe@. NaY|iishfeld apfu:ﬁs't @m%deeasadevamy\%

2009/ 102714PCT/ U82009/ 033671 x-direction fromt t%e offset 1C chip 2

t hi s casdp atlthiéion és BRHN g 29, &[yﬂop@pca\retré"lrlmatlﬁwls)pldetmouem@taR;iFththg
resonanc In addi

roven o iherai i Sk Bt B Bt KB RE S An R R 22 52222 i

r eSOnanc%nﬁrfoﬂ%@ﬂﬁé/ct%ﬁlﬂﬁ@hwbdf&h ﬁi&b&nﬂ‘ &th?le dBei; aPPhia¢ Bk ifdIRg wihlk01531
FIG I5BisS a cross-sectional view of RFID tag 300 1n conjunction with

art Pel e swrdbdeesipg.76gs shovar iy el éhc &onoravenie qaeme?-’é(h@ey ¢ hilledpsingat ur es.
As descrllg%gtl(;;}p Fd’l w1tﬁ59ﬂ'%1f)%ﬁst?8(1% es a current through 3D | oop antenna

301, thus genera a curren oop rough conductive portions 40, 42, 44

and 46. ﬁbmumIGemuDllmmatebmughn@aon de@mnaﬁwaceﬁﬂvzﬁs Bhdpisd foat I8 by t he
arrows. Unlike the current _|oop. throu 3D Il ogp antenna 22 of 10FIG 2B in
whi ch t heP® basprigesed o r%%%wrtéﬁ%sm %phatsw%uﬁdwpae tpQ g 8 anaveifrdrapgshto

”aversegn@ﬁh{)&ﬁl furSeaf ok fjl%{f‘i%ﬁtyf it Tedn 3’76 Fb %;?a% Itﬁaspg@ fobfaear, the

t hi cknes conductive trace each si may each act
as as capanayt bavghaptdtoampfinestawcruren?26e284,t2dd, dnfﬁS@ugﬂo r3din PG pAHntnetingdy,301

Caueee R SAS T B b A ) L Bl oSBT b "
276 has cured.
[0148] In FIG. 14E, resin 276 has set and shaping tool 278 has been removed. Thus, what
remains in cavity 270 forms an RFID tag with a mounting member for attaching the RFID
30 tag to a substantially non-planar surface. This manufacturing process may be particularly
desirable if chemical resistance or other protection from environmental damage is desired

for the RFID tag. In addition, this process allows the RFID tag and mounting member
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15t hrough 3D | oop antenna 301. Thus, slit 302 functions as a capacitor that
charges and di scharge as the alternating current fluctuates, naking it
appear thaoO 200ve10ai1iter nati ng current is flow ng through eoirmseaed3sehil e
still providing the tuning capabilities described above. [0154] Although
FIGS. 15A and 15B illustrate the use of slit 302 within an antenna
20simlar to that shown in FIGS. 2A and 2B, one or nore slits 302 may be

added t o astamettly snbeHmishesk witle ribbesssectionstit 8 cgpes, odvchaReRROIPCS01q tobgst r at ed
in FIGS. I n ities. Furthernore,
RFI D tag %%@%Wﬁl ncﬁtﬂg%l g)yéc%gs\%%éfg%‘%e% 13?2@?n9%€%?cﬁ83%[) | oop antenna 301
wi t hout t[hla4£f] eR’idipDSAQts dsdhdmadc fpespegtiaf fisetoffan eraraplo RHID3dg 800. aRFENtag 30 L

In thi C chip 26 js | d 34 of 3D | 301,
e, sptjcoutasms el v3bTUDGR? BHR. 301 OHBSP KRB THE RGP LOL han one

i.e.,
slits; 302.pi1Rla ﬁdeé@%@fﬁi tﬂl@[&uﬁé‘[ﬁ)ﬁ§% ma lélﬁeﬁth%ts 111!1§t11é§etdr1ﬁtP‘fGexa”pl e

t ot al irrpedancghgg two antenna designs. In particular, FIG 16A illustrates
a Smith G, ttheoﬂeedlmmttFmt\fabf S Ipegpeantenna 308 0.d.,abppaint z&rwfacIQHJ diipRbGS. 2A and
2B, with dinensions o = 70 mm HAN = FANI = a WANE

6 5" HPEE BT S0T b 8556 T b et otapb oo itent 39 s Apbsriiisd of 3p

| oop ant epBde, Ikkliotitain df%édﬁ_l_ﬁﬁ Fgmslhw b@@éﬁuﬁéd ﬂﬂ%ﬁé Bbggaﬁ zihté:dn@@ml% and
15B, with di mensions of nm WANI =
12.5 mn @@rlnsms ﬂleslomﬁonaﬁcfed_d@omfF@Nﬂnm’oe adjum:@s beltteﬁma@h@nllmeganp@u nt
310 3%%1 1t4P%T gllltl)n?{S Z,I:ll'cel lfllg th@aﬁis a desired region for

opt| mal ank&Matc or i p. Squares 312A and 312B
illust rat[elan Amﬁ&amgeslmfsoz bﬁ3lam6(§ﬁﬁ1@@m230aﬂfhy?a@ﬂ-as 4 eppedle ueing at an
exanpl e operatlngfre ency of 915 MHz. illustrated in FIG 16A, 3D |l oop
ant enna Z3erpedy fori fyrtheyaning of 3Rdeep am@tnaa?@msé%o% HeottseglipmdE chgni Bnge to
match th le | C 6 addi ng
it 302 SRERD SOl cr i1 e Pl AR In FH 1 Souith e e, P

si gni fi carphtyve x¥pirentied frampEC alng @ 6rméiic B hiyasof lehgre 13D thaompasseen e [30gth and

t he exanpl chip. As il]ustrate n FlG .16 t he i npedance vs,
fre&%enc;f’fél&ﬁ'iigl%ﬁéi\‘lmc‘[ﬂ% tHesug %Sﬁlﬁ%%ﬁybﬁgl %8 SRR FOBRFY VP AL of the

Smith G’]Gg[otwﬁﬂgggl%wtl&hfea@dl%ﬁé##d i npedance 310. 1010156] FIGS. 17A and 17B
arc graphs deno rating exanple resistance and reactance curves that

par anet er[0k#l |t He lb@tk};bﬁslaBO@J L4 r30R1 the drsjanoé tHRF$ID 303 gs G@! frioor MechiB20A- 325A
are resistance curves,.an rv 20B- 325B t nce. curves, for an RFID
T wi th ere TR, B o B S e Rt 08 MIpe ADGTPSHHCAH about 0. 6
M aboutdcbhiBdiaw, adndtind Hétlenat BT st 8BREIGY | Valdythe PRIRLE Blat INAGD iNEFfich

performed with a vacuum l15spacer and t he” RFI D tag 300 placed on an infinite

gr odhd plfm ICThie 2o fputier map e patigulady gedtyiene thing an magiirnpasPods of

LANT = HA
T B Do el 23 refonpdgges fhegpsctance. AddeRale il s ons of

3D | oop aidjisahentShiy beiBddtodrbl @i a sl pot bilthe SmpoduheseMidop dnfnheased.

The simulation is perforned over the frequency range of 0 to 3 GHz.
22, referred to as the resistance. In one embodiment, the length of the slit Lgy it may be

between approximately 0.5 — 5 mm and the offset of the slit from IC chip 26 may be

25 between approximately 2 — 15 mm.
[0152] In the example illustrated in FIG. 15A, slit 302 is located on the shorter side of
conductive portion 40. In other words, slit 302 is offset from IC chip 26 in the same
directions as IC chip 26 is offset from center 34 of 3D loop antenna 301, e.g., in the
negative x-direction in the example illustrated in FIG. 15A. Relocating slit 302 to the

30 longer side of conductive portion 40 may cause a significant change in the response of 3D
loop antenna 22. If the offset of IC chip 26 from center 34 of antenna 301, i.e., FanT, iS in

the negative x-direction, the longer portion of the antenna would be located in the positive
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20101571 The result of the conputer nodeling is shown in FIGS. 17A and 17B
with a marker placed at an exanpl e operating frequency of 915 MHz. The
result ofwoheoxwenut er nodel i ng suggests that increasi n@Crarsee00®8dcrs i n

m nimal changes in the real part of the inpedance (i.e., resistance).
However, increasing Lsisr results in substantial changes in the inmaginary
part of the inpedance (i.e., reactance). Mreover, the changes in the

25r eact ar?‘célf%?rt]@n Sronuiheexisel 10HbR 26 ulisthirresea thoesdnpaes o 1008 apeapm Atk e
fr eque”Cy @11!6% &bl eorg&ngﬁ'# eﬁﬂﬁdﬁ*%ﬁ, a5ah! gffst%t Hl%lre%gésp{h%\%é%?ﬁ?f{] LE%%Q
t er el

resi st anc reactance values 0
operati ngnd)\reeqmlbighyr foéquedGedvirizhiartee UHF\/ﬁrdpldn@e‘tbanw TBG 1nM&se in resonance

2009/ 1027 4PCT/U82009/ 367 SLIT &&yb |stance (Chns) React ance (Chns)
0.2 18. 60TeHYSIYONEY Be Yiplcgizabie! ‘520@6 9?3109?; 0.
5 [0153] FIG. 15B is a cross-sectional view of RFID tag 300 in conJunction with article

surface 28. Similar reference numbers reference similar features. As described above, RF
signal 18 excites a current through 3D loop antenna 301, thus generating a current loop
through conductive portions 40, 42, 44 and 46. The current loop through 3D loop antenna
301 is illustrated by the arrows. Unlike the current loop through 3D loop antenna 22 of

10 FIG. 2B in which there is no gap, the current loop through 3D loop antenna 301 traverses
across a gap in the trace formed by slit 302. In particular, the thickness of conductive trace
40 on ecach side of the slit 302 may each act as a capacitive plate. The current excited
through 3D loop antenna 301 causes the sides of slit 301, which act as plates of a
capacitor, to charge and discharge as the alternating current (AC) excitation signal flows

15 through 3D loop antenna 301. Thus, slit 302 functions as a capacitor that charges and
discharge as the alternating current fluctuates, making it appear that the alternating current
is flowing through unimpeded while still providing the tuning capabilities described
above.
[0154] Although FIGS. 15A and 15B illustrate the use of slit 302 within an antenna

20 similar to that shown in FIGS. 2A and 2B, one or more slits 302 may be added to other
antenna structures, such as 3D loop antenna 50 illustrated in FIGS. 3A and 3B, to provide
similar tuning capabilities. Furthermore, RFID tag 300 may include slit 302 for use in
tuning 3D loop antenna 301 without the feedpoint Fant of being offset from center 34 of
antenna 301. In this case, IC chip 26 is located at center 34 of 3D loop antenna 301, i.e.,

25 Fant = 0. Moreover, 3D loop antenna 301 may include more than one slit 302.
[0155] FIGS. 16A and 16B are Smith Charts that illustrate example total impedance of
two antenna designs. In particular, FIG. 16A illustrates a Smith Chart of the total
impedance of 3D loop antenna 22 of FIGS. 2A and 2B, with dimensions of Lant = 70 mm,
Hant = 5 mm, Fanr = 13 mm, and Want = 6.25 mm. FIG. 16B illustrates a Smith Chart

30 of the total impedance of 3D loop antenna 301 that includes a slit 302 as described in
FIGS. 15A and 15B, with dimensions of Laxt = 75 mm, Hant = 5 mm, Fant = 32 mm,

Want = 12.5 mm, Soprspr = 5 mm, and Lgrir = 0.5 mm. In FIGS. 16A and 16B, point 310
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14.83 27.00 0.8 14.27 -0.80 1.0 13.31 -19.05 Table 6 101581 FIGS. | 8A and
18B are graphs denonstrating exanpl e resistance and reactance curves that
par anet erwoeoid@2aiit of fset SON.SH r of REID tag 300. PaTatShew/osssrds, the
5graphs denonstrate exanple resistance and reactance curves that
paraneterize the results of changing the slit |location with respect to the
feed | ocation. Curves 320A-323A are resistance curves and 320B-323B are

r eact ancellesifaiess degiredhiggRpor epfinpgl impslaoprortching far an exaamdedC shifm  about 10

mm and iLyel.y.. i i r f ith a
o s S fidfes 3320 5 £ BRI b RARE BF TR PR AL U
10The comgoaihexamfidepémtng feqentwof®id MiHzZh AsifjudiaehisiFIGS 104, IAMDp= 75 mm
HANT = 5 11111% WAS, -T - 12.5 m"m FANT =15 mmand LKIT = 0.5 mm In this
si mul at i GWIGIRR 28 4y, ingsopicARANGSH, ok achifys;the FeayiradregetapgeioreatelhBent | ocat i on

FAN 5 Thesgn imiﬁnﬁé ﬁfusﬁth E}PPIlCﬁQ_%QDHé‘w&%}, a][dg is('Ijlt gm@z"‘%ltt]ﬁ@%orﬁﬁlct?@é: FSET is

incrementally increased. The sinulation Is perfor t requencies from
0 to 3 GHmce f&hidS&dteitacd 0l gsuilts imfhetshmmiftanpyimproved ehpadgnicsmathiong of theFl GS.

18A and with a er, pl aced at _.an. exanpl e ratin requency of 915
Vi, - he HElbPentsing ot GHBE oG deFPing A QUsEte PRAC foler BASRRGhegs £T
results iy fFeqlichBY cER@ R inthé Bith€&HartR@phll Qe wiBom TRESBRT tid SKith _
resi stance). wever, increasing SoFFSET results in substantial changes in

t he i magiGhartclpwsr to b desieediimpedranedlQi . e., reactance). Again, there is
subst ant i af f on the resonance freqguency of 3D |0 ant enna
30170 Tabl 181900 B0 528 <PLatinf G PSEER A ERETAN uls i e R, o

ro u Jg SI'S nce-a eacta va
the conpuiueyesiid@hiaf@torize thtcleexa@pkiet 300 aL1) g RFPAUEIIyY Ofrv&lH oMz are

provi ded 3b2$5|AOa¥1\rl'e revs\gta%gg 81/11'%7252 znlc14cﬁ)1g-vre/s%%(2)lg>9392/5%3a?;g Zelacggelzcsuges(fmn RFID tag
with Lgr it equal to about 0.2 mm, about 0.4 mm, about 0.5 mm, about 0.6 mm, about 0.8
mm, and about 1 mm, respectively. Computer modeling is performed with a vacuum

15 spacer and the RFID tag 300 placed on an infinite ground plane. The computer modeling
is performed with tag dimensions of Lant = 75 mm, Hanr= 5 mm, Want = 12.5 mm, Fant
=30 mm and Sorrser = 5 mm. These dimensions of 3D loop antenna 301 remain constant
as Lgryr is incrementally increased. The simulation is performed over the frequency range
of 0 to 3 GHz.

20 [0157] The result of the computer modeling is shown in FIGS. 17A and 17B with a
marker placed at an example operating frequency of 915 MHz. The result of the computer
modeling suggests that increasing Lgy it results in minimal changes in the real part of the
impedance (i.e., resistance). However, increasing Lgr 1t results in substantial changes in
the imaginary part of the impedance (i.e., reactance). Moreover, the changes in the

25 reactance are obtained without substantially affecting the resonance frequency of the 3D
loop antenna 301. Table 6 below provides resulting resistance and reactance values of the

computer modeling at the example operating frequency of 915 MHz are provided below.

30
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Resi stance (Chns) Reactance (Ohns) 5 2.521 -158.80 10 1.696 -72.30 15 1.899
-21.91 Table 7 [0160] FIGS. 19A and 19B arc graphs denonstrating exanpl e
resi st ancwoane/mendt ance Scurves that paraneterize the ®CIrtUseddssic7SOFFSET

of RFID tag 300.
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[0158] FIGS. 18A and 18B are graphs demonstrating example resistance and reactance

curves that parameterize the slit offset Sorrser of RFID tag 300. In other words, the

graphs demonstrate example resistance and reactance curves that parameterize the results

of changing the slit location with respect to the feed location. Curves 320A-323A are

resistance curves and 320B-323B are reactance curves for an RFID tag with Soprser equal

to about 5 mm, about 10 mm, and about 15 mm, respectively. Computer modeling is

performed with a vacuum spacer and the RFID tag 300 placed on an infinite ground plane.

10

The computer modeling is performed with tag dimensions of Lant = 75 mm, Hant=5

mm, Want = 12.5 mm, Fant = 15 mm and Lgrrr = 0.5 mm. In this simulation the slit is

placed on the shorter side of the feedpoint location Fanxt. These dimensions of 3D loop

antenna 301 remain constant as Sorrser 18 incrementally increased. The simulation is

performed with frequencies from 0 to 3 GHz.

15

[0159] The result of the computer modeling is shown in FIGS. 18A and 18B with a

marker placed at an example operating frequency of 915 MHz. The result of the computer

modeling suggests that increasing Soprser results in minimal changes in the real part of the

impedance (i.e., resistance). However, increasing Sorrser results in substantial changes in

the imaginary part of the impedance (i.c., reactance). Again, there is substantially no

20

affect on the resonance frequency of 3D loop antenna 301. Table 7 below provides

resulting resistance and reactance values of the computer modeling at the example

operating frequency of 915 MHz are provided below.
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20in the resonance of 3D | oop antenna 301lsplitting into a double resonance.
Addi tionally, as SOFFSET increases, the resonance frequency of 3D | oop

ant enna 380 200w fea4hi gher into the UHF band. Wt h respe®CTius2e400m336@51 st ance
and reactance conponents of the inpedance, increasing SQFFSVF results in
limted changes in the resistance and substantial changes in the reactance.
Tabl e 8 bel ow provides resulting resistance and reactance val ues of the
25conmput er nodel i ng at the exanpl e operating frequency of 915 MHz are

aAo=2

React ance. (Chs) |5 0806 T h0p. RoIOUTa s M 30) 2 TE BT BT 131 0 20 0. 4325
-74.38 25 0.5246 5 2.521 -158.80
10 1.696 -72.30
15 1.899 -21.91
Table 7

[0160] FIGS. 19A and 19B are graphs demonstrating example resistance and reactance
5 curves that parameterize the slit offset Sorrser of RFID tag 300. In this simulation the slit

is placed on the longer side of the feedpoint location. In other words, if the offset of IC
chip 26 from center 34 of antenna 22, i.e., FanT, 1S in the negative x-direction, slit offset
Sorrser would be in the positive x-direction from IC chip 26. Curves 330A-335A are
resistance curves and 330B-335B are reactance curves for an RFID tag with Soprser equal

10 to about 5 mm, about 10 mm, about 15 mm, about 20 mm, about 25 mm, and about 30
mm, respectively. Computer modeling is performed with a vacuum spacer and the RFID
tag 300 placed on an infinite ground plane. The computer modeling is performed with tag
dimensions of Lant = 75 mm, Hant= 5 mm, Want = 12.5 mm, Fant = 15 mm and Lgiir =
0.5 mm. In this simulation the slit is placed on the shorter side of the feedpoint location.

15 These dimensions of 3D loop antenna 301 remain constant as Soppsgt 1S incrementally
increased. The simulation is performed with frequencies from 0 to 3 GHz.
[0161] The result of the computer modeling is shown in FIGS. 19A and 19B with a
marker placed at an example operating frequency of 915 MHz. The result of the computer
modeling suggests that placing Sorrser on the longer side of 3D loop antenna 301 results

20 in the resonance of 3D loop antenna 301splitting into a double resonance. Additionally, as
SorrseT Increases, the resonance frequency of 3D loop antenna 301 shifts higher into the
UHF band. With respect to the resistance and reactance components of the impedance,
increasing Soprsgr results in limited changes in the resistance and substantial changes in
the reactance. Table 8 below provides resulting resistance and reactance values of the

25 computer modeling at the example operating frequency of 915 MHz are provided below.
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-54.05 30 0.5365 -37.69 Table 8 5Experinment 6 [0162] In Experiment 6, the
read range of seven different RFID tags, i.e., RFIDtag A, RFID tag B, RFID
tag C, RAWD20@gioRf14RFID tag E, RFID tag F and RFI D tag @CTWSe@9maicer m ned.
Each of the RFD tags were designed with a length LAN = 75 mm a wi dth WANT=
12.5 mm a height HANT = 1 5 mm a feedpoint FANT = 16 nmand a width gnd =
1025 mm RFI D tags A-F were designed with a slit offset SOFFSET = 5 mm but
with varying slit lengths LSLIT. RFID tag G was designed simlar to tag D,
except had a different slit offset SOFT SE |' The results of Experinent 6
are provided in Table 9 below. Lsi ii(nrn) Sorrsvi (m Read Range (ft) RFID

Tag A 0 0 <6 RFI D BagsE @arfl) 5|  Resistance (Ohms) Reactance (Ohms)
5 0.8061 -206.1
10 1.477 -139.2
15 0.7269 -101.0
20 0.4825 -74.38
25 0.5246 -54.05
30 0.5365 -37.69
Table 8

10

15

Experiment 6
[0162] In Experiment 6, the read range of seven different RFID tags, i.e., RFID tag A,

RFID tag B, RFID tag C, RFID tag D, RFID tag E, RFID tag F and RFID tag G, were
determined. Each of the RFID tags were designed with a length Lant= 75 mm, a width
Want= 12.5 mm, a height Hant = 1.5 mm, a feedpoint Fant = 16 mm and a width_gnd =
25 mm. RFID tags A-F were designed with a slit offset Sorrsgr= 5 mm, but with varying
slit lengths Lgr 1. RFID tag G was designed similar to tag D, except had a different slit

offset Sorrser. The results of Experiment 6 are provided in Table 9 below.

Lspir (mm) Sorrser (Mm) Read Range (ft)
RFID Tag A 0 0 <5
RFID Tag B 0.4 5 10
RFID Tag C 1 5 10
RFID Tag D 2 5 10
RFID Tag E 4 5 9
RFID Tag F 6 5 9
RFID Tag G 2 3 5
Table 9
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10 RFID Tag C1 5 10 RFID Tag D2 5 10 RFID Tag E4 5 9 RFID Tag F 6 5 9
RFID Tag G2 3 5
WO 2009/102714 PCT/US2009/033671

[0163] As illustrated by the results in Table 9, when the gap was shorted (gap = 0), the tag
did not read at the end of the test chamber. When the length of the slit Lgrir was increased
and the slit offset Sorrspr remained the same, there was no substantial affect the read range
results. When the length of the slit Lt remained the same and the slit offset Soppspr Was
5 decreased, i.c., comparing the results of RFID Tag D and RFID Tag G, the reduction in the

offset Sorrser reduced the read range considerably. Based on these experimental results, it
appears that Sorrsgr may be better for tuning the RFID tag than Lgy .
[0164] FIGS. 20A and 20B illustrate another example RFID tag 350. FIG. 20Ais a
schematic perspective view of RFID tag 350 in conjunction with article surface 28. FIG.

10 20B is a cross-sectional view of RFID tag 350 in conjunction with article surface 28.
RFID tag 350 conforms substantially with RFID tag 20 of FIG. 2A, but 3D loop antenna
352 of RFID tag 350 includes overlapping conductive portions that function as a tuning
element. In particular, a conductive portion 354 of 3D loop antenna 352 overlaps at least
part of conductive portion 40 of 3D loop antenna 352. As an example, conductive portion

15 354 and 40 may be partially overlapping conductive traces.
[0165] In some instances, 3D loop antenna 352 may include a substrate that separates
conductive portion 354 from conductive portion 40. In other instances, conductive
portions 354 and 40 may be separated by air. Like slit 302 of 3D loop antenna 301, the
overlapping conductive portions of 3D loop antenna 352 may be located on the shorter

20 side of conductive portion 40, e.g., to the left of center 34 and IC chip 26 in FIGS. 20A
and 20B. The overlapping conductive portions 354, 40 may provide additional antenna
parameters that may be adjusted to tune 3D loop antenna 352, including a height of the
overlap Hoverrap, which is equal to the distance between conductive portion 354 and
conductive portion 40, a length of the overlap Loverrap, @ width of the overlap Woverrar,

25 and an offset of the overlap Foygrrap, 1.€., the distance from the feedpoint of IC chip 26 to
the overlap. To increase capacitance, the overall area of the overlap (WoverLap X
Loverrapr) can be increased or Hoverrap can be decreased. The changes in capacitance
will cause shifts in resonant frequency and can be used for tuning the antenna to a desired
impedance.

30 [0166] FIG. 20B is a cross-sectional view of RFID tag 350 in conjunction with article
surface 28. Similar reference numbers reference similar features. RF signal 18 excites a

current through 3D loop antenna 352, thus generating a current loop through conductive
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Table 9 15 WD 2009/ 102714PCT/ US2009/ 033671 101631 As illustrated by the
results in Table 9, when the gap was shorted (gap = 0), the tag did not
read at tweo 2eevdioofi4t he test chanber. When the | ength of PCnaSgem03363Li|l T was
increased and the slit offset SOFFSET renmi ned the sanme, there was no
substantial affect the read range results. Wen the length of the slit
Lsisr remained the sane and the slit offset SOFFSET was 5 decreased, i.e.,

conpar i ngortiensds e .1i¢. & a9 Thly mrgndometimoughigisloopratanagdéd ison in t he

oxperi ol LR EHEERoh LR BRI OTPUHSIAAY |ooBRREHE R SFRE2B, e
RFI D t ag théeurrdus iodp.thibAghAD 166Sm1tcRAS SANchv2RBs ddrbsshe gipsbaanainhendecarpl e

REID tag 350. FIG 20A is. a schenptic perspective view of RFID tag 350 in
conj unct iRSKIQH 13 apdiorfluctivg ppiitos ¥g In PP@CHI%M]@%OY% lagpipg geiong of | onal Vi ew
of RFID tc%ﬁ thrtﬁ)‘ﬂQMB‘ Ny éaE‘h Wit R Z%a{ é{E ftl?a‘%@ha%ge axﬁﬁ'.h%%
confornms su stan with RFID tag of IG. 2A, but 3D | oop antenna 352
of RFI D tatgrabog cménntﬂég) emetretia;gnalr@omtrhml@hiMIOpplanieonrd;3521aTh11fswmtan0n as a

tuni ng el enent. articular,, a.conductiy rt on 354 of | oop ant enna
585 over 1T Bev e BRHREHE BB ivRETOb 18, FF kB8 5ibrs® haghe ot eana 852,
As an eX&ﬂQHQUngemﬂaﬁEdﬂ@wﬁ@&&bﬁ@11§3@ﬂ)ﬁﬂ&nﬁ@SE&Mnﬂ&ﬁE@ﬁ&MQéﬁﬂl0V€f|appln9

conductive traces. 1016 In sonme instances, 3D | oop antenna 352 nay
i ncl ude aﬂ@ﬂdggﬁatem@waweQ@@&ﬂ@@d@hb@nﬁm@ﬂwwemp@¢t|on 354 fron1conduct|ve

Sept ar etz fouEh 08 FE SR BFMEHF S U BRebhAaRaRte ARG M tspi ng

conduct i wgerp@it Wimmsaxoﬁnt&l;ﬂal s@ﬁnaraa&m @laovaﬂﬁzl H"m}ss. ba anacat ederbippinge shorter
20 side of conductive Eortlon 40, g , tothe left of center 34 and IC
chip 26 isenfatise pogiengdas f@snamreacbi@ 9 aihpT HycrHntuetTosesusbps PBreoms4, 40

may provi Y/ to Tune 3D

| oop anté%%gﬂggggﬂlnc ugﬁﬁgﬂg%%gggﬁﬁya§5ﬁﬁgﬂ%@£gﬁ*“gaé%gﬁf§p gmh ch is
equal tolhheeﬂn@haMEE)thﬂeemUOﬂﬂﬂw@bwybppmghbmhwﬁﬁdpamdneﬁmduemnumngortion
40, ale of the verl LOVER, AP, a wi.dth o overI WOVERTAP,
25aits an o P Bentsfing fes BUBpY t4he et ey of geng O&féf‘ér}@r‘é ot iep R

f ecdpoi nt3sef 1} @umse I%Gaﬁpzé 'H;%Qa‘{é‘c{ A@Rntel 8 &leﬁ‘ﬁy%ﬁ aﬁ%ﬂﬁ&BS?n%e F lhe

overal |l arca of the overlap (WWERLAp x LovErtuu)) can be increéased or
HoyERLAp can be decreased The changes in capacitance will cause shifts in
resonant nc an r tu t he enna t.0 a desired

| rpedance VS iy Soei Rt Ber Gatbill s GRbG ot & 350 1 n
conj unct iithikidkcahd bpm@ﬁguﬁﬁ Bladss. Sim |l ar reference nunbers reference
simlar features. si gnal 18 excites a current through 3D | oop antenna
35220t hus generating a current | oop through conductive WO

2009/ 102714PCT/ US2009/ 033671 portions 40, 42, 44, 46 and 354. The current

| oop through 3D | oop antenna 352 is illustrated by the arrows. Unlike the
current |oop through 3D | oop antenna 22 of FIG 2B, the current |oop

t hrough 3D | oop antenna 352 traverses across the gap between conductive
portion 354 and conductive portion 40. In particular, the overl apping
portions of 5conductive portions 40, 354 each act as a capacitive plate
that charge and discharge as the alternating current (AC) excited signa
flows through 3D | oop antenna 352. Thus, current flows between overl appi ng
conductive portions 354, 40 making it appear that the
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alternating current is flowi ng through 3D | oop antenna 352 uni npeded,
while still providing the capacitive tuning capabilities described
above. 1010167] Al though FIGS. 20A and 20B illustrate the use of

* overl appi ng cagdcAiMyge tuning el ement within an antenna simlar to

that shown in FIGS. 2A and 2B, overl appi ng conductive portions 354,
40 may be added to other antenna structures, such as 3D | oop antenna

50 il lustrated B4 A0 35 ;ﬂ% i l.ar tuning
capabilities. FurtoggggggéIRFlb té€£§g§bﬁ§i |R§j§gg?overlapping
conducti ve por tilarpsantanna tiee iichudestni ng 15 3D | oop ant enna 352 wi t hout

t he feedpoi nt FANT of. being aoffset. from center 34 of antenna 352. In
this case, I1C chip 9éir?t§°?‘g];°3f’%8m§fmiléwpgraq%gﬂb?n@ﬁqﬂb%t &htsHna 352,

i.e., FAN-1- =4l b@1G8hc Nak Lol ceroadhioE MRrbavYR | £l

These and ot her %nbodine%ts are &Athinlgﬁe séope o?ﬁgﬁégfgﬁﬁg&fﬁﬁ
clainms. 20 CLArWBonducive pattion fliegqadivstyplimbe (it idastcaparton (REE Dystt ag
conprising: a loo ntenpa that includes: 5a first conductive rtion
having a I'engt RRHEETS REHOR RIS BBt et TR E Kifebing i dHBeqanpapT (e
conductive porijdo@intephef ghdd the Iength and width of the first
conductive portion lie’in a first plane, (at least a portion of the

firstlQonductive pofs¢wndtordictige portighihaing béengtit arfdowidtluthiah gxened a

i npedance of the tenna); and.l0a second conductive portijo
navi g a1 engt AR SRR cobBEut riir St Hitetak SudBidhhoF
conducti ve por tHeGBecondhehidtive hertdoansé th Andomd ke bt shHara3eCenEe first
conductive portion |ie in a second plane that is parallel to the

first plane, tB@nedboirgordernIbeinerpaon bong pleriigally exwpldddalthefisoupl ed

to the first c &Q@gﬁiv Q5ti,gn; and 15an RFID circuit electrically
connected to tﬁe odﬁ”gﬁﬁeﬁﬁa? wherein a current is excited through

t he | bop ant enaaRFID tirowit ¢lbetciogly ddneediéd ®tthe oguatanys varrdih aruasst it he
second conducti ve gortion in acurrent loop that lies in a third

pl ane t haf*§&d Juppahtie loppmtenga {hdovithongh hedustaoadydiye pagitang tame .
202. A 1 adiQohs SSHRREYe pAHBON I 4 GatdnPIbob Al Bks %Véﬁﬁ’a‘gp%r?{ggfléﬁﬁ ng:

a reader unit configured to output an“interrogatin requency
(RF) fi el gerpamiiculévgo RiE st plgnodndcthakenohid pBineAn articl e conpri sing:
25an el ectrically conductive surface; and the RFID tag of claim

1, wherein the RFID tag is electrically coupled to the electrically
condugg i ve, sur kaa@ioGfeqifRyalditFlcBtion (RFID) system comprising:

a reader unit configured to output an interrogating radio frequency

(RF) field; and the RFID tag of claim 1.

3. An article comprising:
25 an electrically conductive surface; and
the RFID tag of claim 1, wherein the RFID tag is electrically coupled to the

electrically conductive surface of the article.

4. An assembly comprising:
30 the radio frequency identification (RFID) tag of claim 1;
a mounting member configured to mount the RFID tag on a curved or

irregularly shaped surface, the mounting member comprising:
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4. An assenbly conprising: 30the radio frequency identification
" (RFID tag of claim 1, a nounting nenber configured to nount
the RFID tag on a curved or irregularly shaped surface, the nounting
nmenber conpri sing: aflatand flexiilt discanembérexiplieinhas epp@shetcecaidy i Si ng
an upper surfai:e and a | ower, sErface opposite the upper surface; and

a plurality of OYGEAHG ®PPYUEEF WRPHFYEsGaiMy from the | ower surface.
55. The invention of

conductive portion | Elﬁélggg%goégtln?g %mfckg%%l@g?ﬁ%g rrﬁl{cagl @Eg‘?p%éﬁbf e

the conductive surface to formthe current | oop. 6. The

i nventj on_of c ms 1 or 4 he, | tenna definin | engt h,
10" whet o ¢ o TREMSRIPESToiRE To2e O %F%ﬂ&%%@qdﬁgéwtlvgpoﬂm

i nventi oniRfudet 2bE® ofeordact §oi‘ﬂf5 that doliflctO AR RREGIRE s %derﬂ) h|3engt h,
wherein the RFID circuit is offset froma center of t engt of the
| oop ant epreent 8@. The invention of clainms 1, 2, 3 or 4, wherein the
first conductive portion includes at |east one slit that forns a gap
in the first conductive portion that functions as the tuni ng el enent
for tuning, t heThéprdaEEoiaifnke, 2 &M ahd BopBhitehnAdtiniRes gﬁ of the
RFID circuit to which the antenna is coupl ed. 209. The invention of
clai m®, wheies the RFEDRICH! i geierad dlengbapingth.t o the first conductive
portion of the | oop antenna at a | ocation offset froma center of the
| oop antenna and the slit that forns the gap in the first conductive
portion of. theTh@ﬁpelamxﬁ:rﬂwalms 108 f3et4, iiombp Beteitid Rfeidldlchgtn the
sanme direction as_the RFID circuit is offset fromthe center of the

| oop ant efrhgteirtge REQD crgait isRfsst irom agrenter af e langtipofhe foap anjgnapei n
the first conductive portion includes a first conductive trace that
overlaps at |east a portion of a second conductive trace to formthe
t uni ntp el 8ment Theinveatiinngf ddims il pPedant eviefeit te fast@ndactive poatoph an

i npedance, of the RFID circuit to which the antenna is coupled. 30
11. The |H\9I%WF? Hrleast ong %}tﬁl?aiéomwr&aﬁé? ‘%ﬁ%ﬁf%ﬂﬂﬁw& MO dHRE R
mat eri al M@Eﬁﬁﬁ@&eﬁq@& 0V BRIl RRRE &aﬂ@u&tthy&té&ﬁ%%atﬁﬂ% Eg:%d%nce

i nvention of claim 10, wherein the I'D circulrt 1s couple
first of the RFID circuit to which the antenna is coupled.

20 9, The invention of claim &, wherein the RFID circuit is coupled to the first
conductive portion of the loop antenna at a location offset from a center of the loop
antenna and the slit that forms the gap in the first conductive portion of the loop
antenna is offset from the RFID circuit in the same direction as the RFID circuit is

offset from the center of the loop antenna.

25
10. The invention of claims 1, 2, 3 or 4, wherein the first conductive portion
mcludes a first conductive trace that overlaps at least a portion of a second
conductive frace to form the tuning element for tuning the impedance of the antenna
to match an impedance of the RFID circuit to which the antenna is coupled.

30

1. The invention of claim 10, further comprising a non-conductive material

separating the overlapping conductive traces.
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conductive portion of the |oop antenna at a |location offset froma
center of the |oop antenna and the overl appi ng conductive traces are
offset fromthe RFID circuit in the sane direction as the RFID

circuit isp.of f PR invE@iontdfRlGaevheleit the RFRIDRIRGE &ddapled to T2 firdine
invention of clains 1, 2,3 or 4, wherein the Ioog antenna isS tuned to

operat e | ¢pndHCtiNamoation gfithe fesgairaya ptuHpyaticarfBebromicentsa Phthedeat r um

14. The i ti i | . j .0
st conMignPuat iBterrRbi sndriry Sieot el Sn BERE RIS hE°
portion aganadirdcdashs He RAIDI dimeit 6y sffdetfhin thé eenterdithholoop betefuma. St

conductive portion and the width of the second conductive portion are
bet weeh 12-50 mm and the thickness of the first and second

conduct i vy POr LhOf bRidiSHRIANER. 2 S LiLEATIG Y ERELAN: Bhetlal o 1

2, 3 or 4 Turther conprising an’i'ntegrated circui p, the

| oop ant epypaatdéf amulng hdgH fagichcy (MIEF aiangd dftthe €didspecirsmcent er ed al ong
the length. 16. The invention of clains 1, 2, 3 or 4 further
conprising an integrated circuit 20(1C) chip, the |oop antenna

defi ni ng ﬁu e”@ﬁé;iqv\éﬁ'tﬁfneéﬂlatiﬁg 1) & £8P virerdf HRAEndih OMiR ﬂﬂtd;eﬁmige 5

the length of t oop antenna.’ 17. The invention of claims 1, 2,

or 4, l1@hepatinn ahdthRAtte bf Guisecond wpndiwése portioofareat [¢ast symalliswters r cui t
(19, as nrn];liqt e width %)% {hé TSt con usc'%\% ’13031%91 AAd the width of the ggc%'n& 'cogcﬁlctive
portion are between 12-50 mm, and the thickness of the first and second conductive

portion is less than 1 mm.

15 15. Theinvention of claims 1, 2, 3 or 4 further comprising an integrated circuit
(IC) chip, the loop antenna defining a length, wherein the IC chip is centered along
the length.

16.  The invention of claims 1, 2, 3 or 4 further comprising an integrated circuit
20 (IC) chip, the loop antenna defining a length, wherein the 1C chip is offset from a
midpoint of the length of the loop antenna.

17. The invention of claims 1, 2, 3 or 4, wherein the RFID circuit comprises one

of an integrated circuit (IC), a surface acoustic wave (SAW), and an organic circuit.

25
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