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[0010] An RFID tag, in general, consists of 1) an RFID chip, containing rectifiers

to generate a DC power supply from the incoming RF signal, logic to carry out the

identification function and an impedance modulator, which changes the input
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[0015] An antenna may be tuned to have desired characteristics for any given
configuration of substrate and objects placed around. For example, if each tag
could be tuned individually to adjust the arm length and/or add a matching
network, consisting of adjustable capacitors and inductors, the tag could be made
to work regardless of the dielectric constant of the block. However, individual

tuning of antennas would not be practical from a business perspective.
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[0020] According to one aspect of the present invention, an RFID device
includes an antenna structure that includes compensating elements that
compensate, at least to some degree, for changes of the operating characteristics
of the antenna structure as the structure is placed on or in proximity to a dielectric
material.
[0021] According to another aspect of the invention, an RFID device includes an
antenna structure and a conductive plane or layer on opposite sides (faces) of a

dielectric material.
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[0028] Fig. 3 is a plan view of one type of adaptive element in accordance with
the present invention, an inter-digital capacitor;

[0029] Fig. 4 is a cross-sectional view taken along the line 3-3 of Fig. 3 in the
direction shown;

[0030] Fig. 5 is a cross-sectional view similar to that of Fig. 4 where the

capacitor is mounted on a thicker material than that of the capacitor in Fig. 4;



di rection shown; [0030] Fig. 5 is a cross-sectional
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[0041] Fig. 16 is a cross sectional view of an RFID tag incorporating an antenna
arrangement in accordance with the present invention, mounted on a packaging
sidewall;

[0042] Fig. 17 is a plan view of another embodiment RFID device in accordance
with the present invention, capable of being wrapped over an edge of a carton or
other object;

[0043] Fig. 18 is an oblique view showing the RFID device of Fig. 17 installed on
a carton;

[0044] Fig. 19 is a cross-section view showing the RFID device of Fig. 17
installed on the edge of an object such as a carton;

[0045] Fig. 20 is a cross sectional view of an RFID device of the present

invention mounted on an overlapping portion of a carton;
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_the device of Fig. 27, illustrating expansion of the
Figsdstrate; and [0056] Fig. 31 is a plan view of an

[O(Eﬂ\]p F§V26 % élﬁ o@ﬁ(ﬁt‘i’é JrROEST t%tékgbhaaﬁ[eeﬁﬁﬁraté BY 81 déVice of
avi ng”general 'y rectangul ar conductive tabs. DETAILED
FidXR23CRI Bldobhpiie86&d btater adi o frequency identification

1048P1a PisBi AN DGR ResCor RedmoarRelst e oF B uice of
Figg.ozvf 'ng,béfn%ltihgféxg%n%wmﬁe@Ub@ﬂﬂ@t,ef, apg (major surface)
fa delectric material, and includes conpensation

[0@5ejnerigs31 s apiprevient ef an RFYAgevice iv@psordansewitlythe present
var |l

iR e B egral] BRI kel iggon which the
DETAILED DESCRIPTION
[0057] A radio frequency identification (RFID) tag includes an antenna
configuration coupled to an RFID chip, such as in an RFID strap. The antenna
configuration is mounted on one face (major surface) of a dielectric material, and
includes compensation elements to compensate at least to some extent for
various types of dielectric material upon which the antenna configuration may be
mounted. In addition, a conductive structure, such a ground plane or other layer
of conductive material, may be placed on a second major surface of the dielectric
layer, on an opposite side of the dielectric layer from the antenna structure.
[0058] As discussed above, if each tag could be tuned individually, using
variable capacitors and inductors, or by changing the arm length, the tag could be

optimized to work for any specific dielectric material substrate. This cannot be



nmounted. In addition, a conductive structure, such a

ground plane or other |ayer of conductive nmaterial,
woayodmeszabaced on a second maj or surface of thecT/us2004/011147

dielectric |ayer, on an opposite side of the
aoppdIraetealy; buythe antenna henfigiration can indude eomped8&BdNn

eléﬁ ﬁﬂﬁc‘t ﬁ%\% eﬁgéﬁgerls\)(ﬁ ﬂﬁﬁ%aﬁgsgu.sgafeseeﬁﬁafe as a function of the

dleleddcfs@bstraw mYeri) aRg/drahé Bﬂv%rﬁ'ﬁnbﬁf‘@ﬁ ﬁbarb?%tﬁé’(ﬂs providing
could be optimzed to work for any specif

soplefBpPensatian or changing shesaderistigssofd ﬂra@ttenra gleme@nts.
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antdraTeece s |gunamom&i2©nahw1@g@beﬂrs‘§ﬂab@5(n¢ef@{ sUTTERIRY € 4LeF S@Rectric
ion of the dielectric substrate

'ay%bggbggﬁa?a?d%n%ﬁ@n@ﬂna%ﬁ&wataﬁn hé inaydespp pedrf antenna
elé?ﬁé’t‘{ﬂsctbaﬂduc?t%etaﬁg‘@(ﬁQﬁat2'2°th|c§H n@cﬂ.ﬁﬂlé‘&’ %agﬁFlD chip 24.

characteristics o & antenna ere
ThR&REID Chig 24 inEydid yart of &nh RFID, steap &) Mlmﬁh\focexérﬁple includes

et PR BB BT LA S, B sras
incdlid 86IRFID stray Q\Val%rbléggﬂ Al?ér?Tééh?J Bﬁle'%‘néﬁcﬁ‘ﬂ?e? strap marketed

configuration i ncl u a pair o ehna

undeotiguramed-CAbNEQD, avaiable, frtthll%lhllpas Elentropicsd to an
art of an RFID

["dﬁcdrla&‘}?egofm?%gtp@ 55'%5?}% CoRrgilelian 42 28R inridesaenns
cogfgeﬁ@éﬁ& blérhé}ﬂs% B2 Pwhith dr2BBbRY t%forsé%btaaﬁéﬁ of the

D straps _include an RFID strap available

anignnereleeentis R0 ginds22. aflae pnmpgnsatmmalemrﬁe BQﬂmtéBZt he

Phi I El ect
cottRspte iR xR ookt Ao patan Be e oSl & e
antentlauslements 20 raaud Z0H0S s td |ﬁfbrﬁbﬁtm?6i theXthtaffla 3fements 20
whi ch are coupled to or are a part of the antenna

an@|28w@ﬁfi§h9@“%lﬂ@trlgznat$ﬁal Qfdhgé#t@a@hn@damre% ni e Bbaage in

er at.i
e R e (R e L
forte:xah’q:de; ttmtaeira‘enma)elavfﬁerttbaoaaﬁcmﬂ@eebﬁfmgltéadﬁoe #edadtation
ielectric material of the dielectric Iayer

feSisga” Agenna eleypentgidthand R&rchansing whieh prav ¢ause the

i T e e
loss ¢esistanee aritradiationt iesistanaes its teoys anaf, atslaeramteﬂ fike above,
thepiaaceme Chdriyesa iy Bet ohin 3¢ wbd antpong elements 20 and
22 h*?é(}? aéhrile! REIMRREMidRatth %@%d’fmenbé’ﬁﬁssﬂﬁ% i&@ﬂﬁ?reofuency

radi ation resistance, to dr p; and, as a'r
openaéingsange fortthe an@maastcmtum c'ﬁo hﬂ!tlg\ﬂ!fel’theh@ eRets ahthe

ant el s 20 and . 22
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intrbiaas! %ﬂqmpé@l@ﬁbéﬁﬁét@hhgﬂﬁ#wf)ﬂ( bé%a%ﬁh@f&?ﬁp ah8 Yntetirfa which

To mtigate these effects on the
impedance matches the two, maximizing power transfer between the chip 24 and
the antenna elements 20 and 22; and/or 2) change the effective length of the
antenna elements 20 and 22 so it stays at the resonant condition. These
methods may be used separately, or may be used in combination to form a hybrid
of the two. Various examples of compensating elements 30 and 32 are

discussed below.



antenna el enments 20 and 22, the conpensating el enents
30 and 32 may: 1) introduce an inpedance matching
woeimosR4bet ween the chip and antenna which | PQBUS200€011147

mat ches the two, maxim zing power transfer between th
[OOGHE pThe RNI® deviee éﬁtaJSmm@@%?@n@@twﬁoﬁtwtur&r@'/gfpuﬂg plane

40 S350 " DS L0 o BN Rl o

oppBitecsige BRIhS Gickscttic kgRAN Bttﬁfar)’the)ﬁrSIUH}ajbESmnEmb i4 The
conblnatlontoformahbrld the t

dieteciiplayer 46 i mﬂfelﬁ@fmqength@w@ﬁ%?@%ﬁr Hr%XS‘ a’ﬁ“gqﬁﬁe antenna
oS 2"y B0 QPP R ERE0H G1 o st

to rddudetotretindnaigr sansitivith afi ¢he RGIm;hm 2400 lheam‘@m

f 42 of
i el T P B e
o AT o i s f v i

com@irwl%m ot mﬁregmjaﬂs offhé bjédie maynitans ane of anacieti ef or
roun | ane d shiel d",. .
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suéio ameﬂaéob;ectmer @bjec’@én onetal WeaRRsHs.onay @iest AreratinRof

Ty RO O R
erFan@ %H?é(c@ ﬂﬁm girfersht B’%I&tﬁe\(:bﬁgtarﬂw mai fidver d?lffEremd)&ﬁects on

exanpl e, electrically conductive obje

f
neadyt BFH2 devicssc 7 hesprieseage @Bﬁr@cﬂ@uafi %@Jﬁ%g@qﬂﬁe%ﬂ&# antenna

oo B ShE fld l E BS gas

op@i@tm@i &f thelREIC devibé hmey faicenﬁ'eﬂudlngl quirevenimgw mt@mc’son of

may have different effects on ar FID d
suth @bjrcss anddhe warkisggompangnt %ﬁg%@o‘g%ﬁﬁéﬁ S VeCeS

[O@@?]egﬁie ;cltﬂ&{}{]ésg%r%é %I%ﬁrle'&ﬁ?%@@l&m o thé dléBQtnc Iayer 16 may

may varl ect operation of
beR¥dIstidd \gocss td‘rﬁnevenﬂlunaiemmdiuntangctmn be‘ra\xwmt hhegground plane 40
interaction of . such &%s and .t he

ane B SRUARE GPTaNEaTEn B3q sy 1t NooBorn e e hokF
frq%gjeﬁgf%fd%hﬁé?& E%HH Q@rréﬁ é ©f 860 naz ¥ 9bBAIHECa dielectric

s to prevent undesi r ed
thncnnesmt almutlﬁsnmbmterbéo @rmdirrneqelrsmeswtabl@fm g tag embodying

L0 R e 4 o T b L PSR
at{)o?:‘f‘@%fﬂfm%@?hs rg‘&uiébl@f& eMdg de%lqheﬁi Rebpérate Inha bknésentered on

abou meters t meters is suitable

24fﬁ@f Mbdzt ahis mangly Dhthickniess resheen fornd e ibsruiiapletar sficient
operat di. & SEE SortdUicEba%sss 96 aRBYY odspitdtld h8Fh&ly blieved
requirement for a separation distance of a quarter of a wavelength of the
operating frequency between the antenna configuration 12 and the ground plane
40.

[0063] The ground plane 40 may be greater in extent than the operative parts of
the RFID device 10 (the antenna configuration 12 and the RFID chip 24), so as to
provide appropriate shielding to the operative parts of the RFID device 10. For
example, the ground plane 40 may provide an overlap of the antenna



about 3 mllimeters is suitable for a tag designed to

operate in a band centered on 2450 MHz. This range of
wohbekoess has been found to be suitable for ebCiraiseni/o11147

operation of the conductive tabs 20 and 22, despite
conffgurationmb of ablsicistakaut 6 syiin eventdirastion. digwevan Brﬁnay be

di f
oy 55Tt B Sl U WP pamate i
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the RE![Rlalemo@ma;eba@dhagwblg attachpdrathe pthes|sideg {Qtta@arnadpr face)

cart th t
of e Gatary indved: derybianaet baneg o SBA RAI O4fIE e -
swf%é/ Bl maQQﬁQpQ%r&ﬂﬁ 8h @ gefof tahearts boother objedh) with tie one
ect. Alternatively, one part of the RFID device

paﬁmfdﬂa&:ilibequm baigean ere paref $heylabebrandjeptherpalt o¥ the

e carton |

R RdeiecReingert S Pirs b o LRk Biheh VT ot of € B BF other

obg,%‘t’b@ﬁ%&?{vg}oyeglt@tﬁ"@Ei%l@ct:tﬁaﬁyero{h the RFID dﬁ‘” ce) may
ached to the other

[096&]e)As anothﬁéaliamaéwe corapeaentg Of dhe %&qﬁéﬁ"{ﬁe 595?35

dlrﬁcg%ﬁﬁrg}egﬁ%ﬁgfggs%g\ﬁnc jgatyoﬁfqrg%n g\r‘ Hglt é(—lfﬂtﬁgﬁucﬁ Qébn S|des ofa

poiith 6N& cafen or othdriebjéttl [Foiemanqol@ﬁnmgnmmmr@rﬁ@urat@fn 12

the |l abel, and the other part of th D, dev
mEeba grBPALORErW S ONBPd PRONEHEP O @ Rat BLd CARPTQrother

obf ! Sy %O@@ﬁksplgﬁé <) th)‘? Pegor‘ﬁ%’dl eﬁeéjc@r%@p&o%gfﬁbﬁioﬁ of an

ayer . anot fernative, conponents of
oppoeitéBide ofettie vartbd omo/thbleobjdcir ectly formed on sides of

[oggﬁﬁOW%%EFP?@M%%%%?%EEB?P%??@?’%%S“@@% SRR e o
con r%%SH rheRt 'Wéﬁ& '39r’(hét2m ?ﬂiaé PodPas ?bﬁcbehe compensation

erw se orrre on one sid art of a carton or
arrbemrm comfiguration 48d It Wil by appr@cmtqh at gompensatipg @igmments

otﬁgr t%a% rer SF’ C|sedt %\t/vinorﬂa)(/) Eeaer}nployed as the compensation
elements 30 and 32.

[0067] One general type of compensation element 30, 32 is a capacitor 50,
illustrated in Fig. 2. The capacitor 50 includes a pair of conductive plates 52 and
54 mounted or printed on a dielectric substrate 56. The capacitance between
these plates is a function of the separation, size and, importantly, the dielectric
constant of the substrate. In general, as the relative dielectric constant (E;)

increases, so will the capacitance C between the plates.
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opposite side of the carton or other object. [0066]

What follows now are generalized descriptions of
woanimes24bypes of conpensation el enents 30 an@cBastivabniii47
~may be used as part of the conpensation antenna
.[0068]11‘ @gerweom i@ of cammtor eatapbediea el presant invention is

s . SbeSraReghioadhiih haTis BEnRIRS G siRtioupyno o
eleélr@méﬁnetﬁ@@&al: fSMeeDBERIEtN thers ngcu@prmge@teo;and 620na

is a capacitor 5 il lustrated g
dietectritng4.c Apacapeeitans ﬁdﬁi&]’é@ to lperiein 8¢ aedﬂ%&lgltﬁz capacitor.

| at 52
8o o AR B S hep et by
funé’clc\fsr‘rJ apfﬁeoma'@‘mg b@tvmﬁm@tﬂr@@rs 80zmdaR] thée wnpmhmraflfmgers the
dielectric cons of the suybstrate.

dmmsm ofdhefngercheaBati, anddhs cislectReprstant b Tk dieldotric

mailiRtesh M EERRTERIPO 70 15 51500k a) o cpeci fic.

[OOGQPGF@‘S daambﬁllmlstratmthmmdncdwld beoyndethiertapacitend® der two
dlﬁefﬁn&éhplggtrllpn@ég@&gge@ gllglc %gs?’g)}v& o®ﬁ58 Spoun ﬁ%hera rélgtlvely

Wrideietiobe i Cak it b

and mé‘ﬁ'ﬁﬁ?lsnbétﬁatérﬁa o errelttlgelyathlckaqmstratﬂ 68, Suah as a 30 mm thick

ST AL SR TR T Sl P
[oo‘jéiELF'g[ﬂ gﬁés ﬁor?cﬂ ﬁg gpg\ﬁm ell‘r;l gF‘?% gy gﬁ% intef- dfgltﬁg@cﬁﬁacn‘oh 68 is

es%l\iihrﬂiaﬁytirliq ait, wmlmlsheadtelelftrld: benstant beilweecn th@sal‘amaﬂe fingerg RO and
ich the t 5 {tached 006

62 being that phie Pk dhtiate 100 HiabRGas, hear Tgis of (R
caé%b ifo?fis %‘fﬁhctﬁinfcﬁf%é Qﬁelébﬁb%ﬁ%’ceﬁ]t avhsid Blefindits akitbe eflectric

e capacitor 58 on a relatively thin substrate
fleld&preaMoa’s sa itWilirhayel sreinitial vielueeef Cri g 5 shows the

oG A5 Y58 SRR ot B4 58 By iy e ook, and
heﬁd:@ﬂfé?b‘“lé @rd%'sQfHﬁpﬁﬁ %b@beé\ﬂﬂh%@‘s&afdh@lcepamtm CTd‘(Ed:amimtance
bet ween 2 and 0 70?1( For the condition shown

Cz s gﬁeqt,edthyethernr@$ermago the kiegadn partiogkariby thecdigieeria ¢gpstant

of i Balerial! g As SsfrDEler SSRR8  SfinpEAeht fing o
caﬁa@@tﬁc@t(@)@l@at iSafanctiomobthestolutive dleleg’ercsccnfstarne)f the block on

capacito f t f t di, el
whighblgfmonstad, iger“é“iafké’%@h@ 1 tae Feiply R aaonstant of

the glﬁ’&kt | tjhellﬂ‘%gcﬁi'&éidﬂs& f‘l.’l‘?é BE)CRfln&égsé§QKé]cabﬁcﬁé‘rﬁ:e

indréayésdT h?@ Icgi‘ﬁ'@ohbntkapml!a\ncg ;\:lkrb Iai;b];t:;a fusctiomosfsthe block
tm&;{%g q?%ﬁ 2@%3’2? Qlofc:f( r\}\%l‘fhgvg ‘estshc% acnaglec{romagnep ¢ field in it, so will,
for a given E,, increase the capacitance by a lesser amount.

[0072] Fig. 6 illustrates one possible inductor structure, a spiral or meander
inductor 69 having a number of turns or other parts (meanders) 70 in close
proximity to adjacent of the turns or other parts 70. This structure has a self-
resonance, due to the capacitance between the turns. Hence the net inductance

value can also be made a function of substrate E;.
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C2 is affected by the presence of the block, in
particular by the dielectric constant of the
worbewa9zd49 Thus this arrangenent conprises a CoOPWISSVY/011147
~having a capacitance (C) that is a function of the
[0078] atn aie, thissheanderinduelor sampenenhwilbhavea sertaityalde of

industeiges i+ QVsshE plasEea hiphbr g RonsRot Hfbtp g dr °
sig§ifiBahtRickpbss e Hapakitive ereasesuplinghetwpen inhearaders increases,

i ncreases. The conponent capacitance will also be a
caufsing aireduction incoveraltinductdineéRness as a t hi nner bl ock

i1l _have | . ar e field i
ol | P S Sind B SO ndb ke ey copyhents are
usdESARNpAERIMEnnd PO V2t dements B0 lisistneeated tmenfRISIE) dihip 82

i nductor structure, a iral d | nd .
(hrovigh MpandeEISBICISE Shar TS BRBAGIE, S S PBF 175 NP

o2 i BB I AV ek e RIS g priceay o ot
codigntcanagistesaeh betavBhutithickupolgesteefine) by beingtprinted
i nduct ance val ue can arso be nmade a function of

thesedrstglued theretor or vasurded tfareondn pry OfiEy BUF OMELY Yays.
7 L ooai . b .
10073] ¢ Fio- L Bsfrates MR iy A tha BRETRRRREY Wductors 84,
ad@éd bb}gﬁ@én fﬁst%dti]ipolgérﬂenmgeaand cteip &2i. allwe dipole antenna 78, the
significan I ckness, t itive, |
onpdas oo sl SO RSB e
suﬁ%ﬁfét@lé&' nductance. [0074] Fig. 7 is a sinplified
iTTustrati on of how neander inductor conponents are

[o0rB]d.if thegbaxtd: dipate anteanad Snistsizasl fomptacengentiis air or on a low
_connected t RFI hj 2 h .
dlﬂ'@ﬁiﬂ%ﬁ@%"a@g E" SWeSiate oG Joe RS PR EBGRS Replaceghqn @ higher
dietl&?rie !&bﬁstgi@ F?%@bﬁl’fété%‘?%é anenhbidlefieptseare tod long at the
materi a no 0

_ re precisely, a lowdielectric
chosers bpatatmgdsequeney s ddis exanifeststselfinrinadily Sy tee@gtenna

popeiie MARR SIS iy 4R ngtoRRiE U fishE o mpEh Eaflon Bongeen the

anfdrtha B8 bhbuRé CAES2, anetmpedaned ingticlabind mensé tag pbeformance
meander i nductors 84, added, between the dipole

woatd dagrades Hewever, thesmeander industars &4t havesreggiced fhe

. ¢chi,p 82 d '

et o B ldher TRARARE Rel B Subdrg @ epncer

indut®oraasi en dhd elissthdte BB tAUE Provideiazsdaliar+jil tadkereircuit,rso with
air or on a low dielectric const ant Er azcbstrat

prw@rlrsqlﬁ@t_im piotharasietniee 78009 THPadaRcsMACh Fygiained.
o}, TS el BatFing Rt B ecpentabove show te
prhb?ﬂbl ef Q)anTﬁUr;enﬁawaL&Sbgingtcm@Iehdant omitie gharpcteristics of the
suagtrg%gn mﬁ%ﬁ{&%&p’ggg gg b\géghe»tg H@(tathle? bomp)énbﬂfsr, WhicH'@an be
formed on a film next to an antenna that will react to the varying dielectric

constant of the substrate material and its thickness, can be made, including
multiple capacitors, inductors and transmission line elements (which can act as
transformers), acting in parallel or series with one another to provide a substrate-
dependant variable reactance. These substrate-dependant variable-reactance

components can be used to re-tune and re-match the antenna / chip combination,

12



antenna 78 and the chip 82, the inpedance match and
hence tag performance woul d degrade. However, the
worenuhes24b nduct ors 84 have reduced the induct 20TaISEW4/011147
the higher dielectric constant Er substrate 88. The
to maataie perfortante for meantdnmadypes pueea geriaiuangedsfisypstrate
a smaller +j X to the circuit, so wth proper
chaca¢telslich of characteristics a good i npedance match is
[oo:ﬁhnﬁﬂjrﬁ e fo nge.?@ it 156 bebABERINBNEE thatwrirfiee features of a

nducti ve ntsS di scussed above show t he ﬁrl nci %
struzfure @ammacém OSIWIaQbWEb‘th@Sd@‘fiéﬁiéamondﬁhFHé ey are mounted,

cha&t@ﬁébe%‘[ﬁt@@g{ %lf%e(fe%iltdﬁﬁﬁgc?ﬁ‘ Id’l’%ﬁl w’rénr%égt particularly

updrPtHEEdieRR R EhrBcReXr m@s@ussmeem@mx using thessacomponents

the varying dielectric constant of strate
aloneienpbalveys the @e@hs@wh@gs/%n@mef@@ﬁﬁ%% qu?'&? 88?\9&”3312'0“

eleme&&@ﬁb Sarmgfog gﬁugfg?géjﬁh%rhsc e thasifachivé Bhdth € antenna

orners), acting in
badtd] 6h kied efviraehessinvhé viamity @fﬂbelwnpmmsaruomah@nants
substrate- dependant variapl e .rea

padidpierly eecd SHoNaIaT s Hhrapleshiceof i Jeleclis brtsial upgn
wh@ﬁngé%%rﬁ S%IEH{}%@EQE?,%@ ab 4BenamieaNEdms kirfiple

rnati 9 PCT/US2004/ 011147 to
straetlrgsaanmd nmth@aismﬁc’rearfg:nmg theneffestiveriengthygfeantenea elements are
certain range of substrate characteristics. [0078]
nowdasctiReds oregoing it has been established that

[oo%‘é{]f FOF thi€ ﬁjﬁﬁ@ﬁae Inedof thé %Hﬁblééﬁaﬁt@hné@@@boh@id@f will be a

er act substrate upon which

folaes dipets 100hmlgluagatqd@saparmgf CEVELS, @WI@@ |1é?, kﬂle%@n% e total

RSB Pbo S APl R A 100 oy g goos

me&aﬁ%ﬁ?aﬁwm@ﬂgq 05tIRE m.mmmh diblBBlis ddnstmshe tag is deS|gned
sol ution. Another approach for the conpensatio

to eperatenith3es and>ample, 8 30mym bRk hRENGA; f&ﬁ'%ﬁ&n@@#% of Er =
o) effective length of antenna based on the environnent
in the vicinity of the conpensation el enents,

[0080]t ITHE adaptiveasiethedls ﬂ@@hﬁ%hcl@dei’aapanlbdrsatasdsned circuit,
the dielectric material upon_ which th

comsistig 0E ag NAyRIoR Whighe s BNIRIE MeRigery ?r?&i"é’ 7lite, and an inter-
dlqﬁtgﬁgﬁﬁé%ﬁﬁ g Ws%ﬁ%o"?u&hﬁ@@'d@vlbgggefﬁ éll‘.{é of the] inductor

tenna el enents are ' now
ani@aphbiter ipwuehthat, @nanafermlseha\nmg)laecheleamoemrwéamtmf E =2, the

A T
cohﬁg&mag s b[é%eHQﬂPa §@ﬁ1rﬁfsubgﬁatfeq4|%ﬁﬁ’% didheleetrRidatnt of E, = 4,

rovi ood mat o an RFID chip
thd 0rrett Itehgthmhhawmpﬂfmrltbetfmlded cipuie imnowtshortes However, the

cole k) g B SRS el BT GrocRod WAL iang
the loop resonant at 915MHz. The adaptive capacitive element now acts like a
short circuit, providing a reduced length path for the RF current which is ideally
exactly the path length to make the antenna correctly matched to the chip on
materials having a dielectric constant of E;= 4. It will be appreciated that the
values and numbers in the examples are intended for explaining general
principles of operation, and do not necessarily represent real antenna and RFID

tags designs.
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2. [0080] The adaptive elements 106 may include a
printed series tuned circuit, consisting of an

wonouaosxsy which is a sinple nmeander of narr 0WPC11‘[[B2004/011147
and an inter- digital capacitor as di scussed and

[0OBAT UEhis ds @ @w@wlemr}g subsiraje prRPestes As arbr@ied in thepresent

qu%& f@i%&@ti@%%ﬁ%ﬁ{] #engﬁ{]o{%ﬁ Smezﬂn%r g@génrg%’éezy distributed

ver&iroﬁg ld:‘éﬂ% éﬁv@é’g’é@ WHoHihe Ir&mdtdarme:aMCapathelmel spread
t he onplete tag i s

alosgme aat@nndeng@ at mllba@@rppqaéectg}?zglg?gpe %@p%}ltme qnd indugtive
efan! eﬁ‘@) %185%%9{ sérh&s 1fu‘?cﬁ’IBr @Qfallbhéoﬁﬁlr%ﬁggg il rﬁay $otentially,

apaci tor 1 nsi

corﬁﬂﬁh@ﬁlv\/ﬂ\ glagn@ma ﬁ@ﬁng%ppl‘mmte mham@msths a&mwéhe impedance
maki ng the | oop, resonant adaptive

ma@b@m U SACARHIE AR ERLe & VARES a0 ARBT ST REDIE perormance

to %ﬂ}% Rgd reduced length path for the RF current
I's 1deally exactly the path length to make th

[ong eAmaalteonative Syuctate lseahet whereetrammmnsa‘@mgeelem%ts 30 and

"o BB VoS OB ot P smome

Wl?éff"é'ﬂ?'aﬁ rﬁ‘uraei? B &RIEH of f a ergtligmromodisensite,, the wavelength of

principles of operation, and do not necessari |
a deélpedsfmumeneytlchangemnihaﬂdﬁakﬂﬁf[gth feri®atastegng. mjlge wegdium, to

ool 742 LR A AT 5 o Bt 5000 1 o

[00¥3S G'Herefofe BRtdr@dnithe apduddadtseéffentivevengthreg ﬂne&fu ba;trate
antenna. Alternately, distributed verS| %s can

e sgoganieies Wl provice-ARIBP ARG A CORARR! GF @ structure

prea al o t I
RSl AL 68 AL, Thisth d napRFRSAL ol s
a r#tﬁﬁﬁeﬁ oF StRéH %t@@b@hﬁ@ﬁaﬁbmebr@m&muatum variousrefthe
potentially conmbined wth a ntennah
strapfpreﬁ)an@metbﬁdﬁs gdeseaihad herein, 4 oRRiOF HbCC?'HbE%HHEéN"‘h one
angﬁ] Eh to be adjusted as the substrate Er varies,

W t he antenna perfornance to be nmintai ned.

[008)8Hig A0 & & ptamewesfﬂwmgtawwve& sen‘rmmhfsa ge¢thpgular cross
conpensatln

3
soatamemaictoR] 16 dpsenceie barmiacsd oo 3 SibsTie PeyRE Y o
e Re e, eI oy DA BF . B 8fme of @ TPl imtonna.
Mdreethae oo sémang esay baasededlhel @f;giuntcfroﬂ G hag patendiatytwo

pauaseh e garatt oo s oufre Bundi i pd B bEERAVE AgBh e

a@ﬁ Ifh & ﬁgmwcﬁﬁﬁatﬁ BactuAY WHesSreht BeRidartiose ﬂNer@ms

he su strate dielectric constant varies would
Thersmnﬂé aubsme rseapasitor. AAs dihe epbstrale Ex ineregeesiibits dielgotric

colqa{]gnf? ﬁbet gé(@qf%fag%gi%ggﬁ W Wb Fdlatind sedtns iliéwise

increases, but the effective transmission path decreases in length.

[0085] It will be appreciated that many alternatives are possible for providing
adaptive structures that are configured to compensate to some extent for different
values of dielectric constant in a substrate to which the adaptive or compensating
antenna structure is attached. For example, cross coupling between a simple
wave format structure could also be designed to provide compensation. Cross-

coupled structures have been described above.
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a number of other suitable configurations are possible
using various of the structures and net hods descri bed
woeb®ine324al one or in conbination with one anoPO®MUS2004/011147
~ [0084] Fig. 10 is a plan view showi ng a curved section
[0086] a':lgedt'laﬂ’lgnNSiEn@‘rwma siseetuen 140 Hhaldigudes gomesagariye
aced on

elergpnirsiBh 8T panps S ot eenfte F sefne pflebes
dis@lssaddgnee T &eana siactire a0 mdedeeatpamoﬁalytebaa elements

used. The conductor 116 has potenti all ol
142 twd 64 oo AIBSTUISA 1o RVBICNR Py E128 Bt Evpestivp Agef points

2 T
RG2Sl P R eBp B iy e
Ime}%ﬁﬁéztaﬁﬁ% [ 5? al;tmlwendtofﬂhe Asait Iaalai.em%ltn%t ‘Eand ﬁéﬂﬁ@es
s dielectric t

CanseitNecUbn Ak 1 of R GIBRERTS SN EARE | DB hEidde
res'aggiﬁ\gegécﬁ’?duckﬁ% télike?@é %ﬁgt@wﬁhé{ Béﬁd‘béék fiwardtthe corresponding

es 1 n engt be appreci at ed
matmahteﬁﬁa)hnelsﬁéQmmd V84 @a@smf@sarmi éGB @etwe@wm ggnductive tails

165 Sndoied. are sh miain 2ateinia e TSR rhE 58! e RARER urther
dlsfé‘?ﬁ%tf?c% thé bcﬁn&é&k{ﬁtthétc%ntiecm té"ls e thd apdihventenna lines. The

conpensatin antenna structure is attached. For

Ca% ﬂjbs rlf5§sartdow$ hgge vetiaklercharagtapisiics, slapensigeran the
cou
S ER S G A T SRR g 10 v

Moﬁggggt] fl%/ea édta%e%&%é@ﬂ@ﬁé&oﬁ’&ﬂ¢tb)§2t@0§n62m164 and

OoWws an antenna struct re 140
the mimaetensarheeadéﬁtaﬂﬁbﬁ‘él respactivelnds @ H@C%ﬂ{)ﬁhésd'%lﬁdﬂc

coBHREST G il ess PRATPE the B HRE S afe B
%@@gnﬁ el ements 142 and 144 that are coupl ed to an

(0087 48 Anthena strshivee MO e ol SnaD 1nBsHZgend T4 on either

SIdrgfg'fptﬁgtrh%ﬁ#m%ﬁhe?m 182 ah?rﬁ?ar]{g?iﬁ&ﬁn 16 1066 1ihBE 192chnd

tenn I nés 54 are capacitive
1731348 hatveribard Bt mBive antpme |h1ese15§tamt1556 @m afgige loop

i o AR S TR A
Th%ﬁ(gfsaé‘%éﬁ%?_ td@t@%gmﬁ %@%Wﬂ??ta‘ﬁﬁ%etrﬁﬁn@ﬂﬁwﬁé livés 152 and

e main antenna |lines 152 and
15454 cmrdsporfdnmg gep Mi4tie betwee the woptlmect’4 aoehthegain

ant °r'n§e§l?rfep‘n’{e‘5§ Sadoth e ofen 62 3a00kd e T iRk Tkse.
beﬂ?f{u e su I%erﬁe ISSP /RS '1‘%2 AR jolH Witie tites malﬁ@nmrmalmes

strate to which the anténna structure 140 a
152t drat he4l,. andvividenieg out:kuvwd jhe middle£ e laprolingse] (wend 174.

Thehloop Hgg %t7l2vaenc} ’?’Hl ?unc?%naar%dinaﬁé‘to?sn% the absence of a ground

plane on an opposite side of the dielectric substrate layer. With a ground plane,
such as the ground plane 40 (Fig. 1) described above, on the other side of the
dielectric layer, the loop lines 172 and 174 may function as microstrip lines,
improving the impedance match between the antenna structure 140 and the RFID
chip or strap coupled to the antenna structure 140.

[0088] Fig. 12 shows an alternate antenna structure 200 having a pair of

generally triangular antenna elements (conductive tabs) 202 and 204. The
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the main antenna |ines 152 and 154, respectively, is a
function of the dielectric constant of the substrate
woredoen?aho upon whi ch the antenna structure 140P¢’B/USZOO4/011147

nmount ed. [0087] The antenna structure 140 a
anterva Rlementiog0? pnd 204 7havattachment RAIRISEF06 @n@ @08tfor peupling

an/FEEID) aﬁ“}gﬂ%ﬁfgp t??ﬁe%ﬁ?erﬁ%dstﬂ%uré%o@hom the | oop

I'i nes are narrower than the main antenna

[00891esTHl=J5:2ntanda Hiemehlz@0204nd I264|havp rebpeétﬂﬁlel&ﬁnp@ﬁbalﬁ)ﬁ or
is,.coupled to li)oth of the main antenna |ines 152

ad3B4e DEBRE oF STInga AEDABE Eiler NAROGRIYE RATHENS 732 2nd 214

e (38 2OLHRRIS TS RNl ARSI S ono
sidgrafdhagapi 21/&|81$20mhw1m54ink'm® guphsding 2 r&t&hv@%mimfhwmnlral
ool 22 DS oy DR SRS, ARl L e ce
of tHeAga@RaeWe lhggh@ 'é;bnirar’\@ér‘ﬁoh eonthdeb %a?t% 228‘33111(9980 of the

lines 172 an | oop I'ines 172 and
antannéet element 203 cmc@mei snde @fhibeﬂm"t@ Ehe a;egtrabmlrtlon 222 may

natfl Safiotp Bl ARARE frediaitin 8 thelfor e i sbRIIAE 226

and @30Fh ghe Vicirnigssithb @@ pab®/ eThe Ralkbe ;%rﬂ@hs QQﬂ%rﬁf 22& enhay be

dielectric layer, the |loop lines 172 and

nagrgwer than e ¢anireh portion 224 asd subsiangelingl pﬁﬂwa m@aaa@ement
pof8L28 ARSI R ey s,
subpsianBaliyFdgntidal ts Ittwsomudivé&ilhlkéﬁzté:ﬂ &ntfﬁhriamﬁyro;ﬂgﬂri]@ngép 218.
ri angul ar an
[0 I e ieBnh sirtietiee 2B dysdesnounads Givinacod petigmance
4
wheh HoRTeah Walls SHEIRB0aN Con IRl Win SBITRA Bt dfforent
procogis covetainimg Rﬁir[bm’rdlmtme astmgm-tanduntivamhaterials. The antenna
oo Pt ol SRR SRe  S i
corﬁ?@ﬁ@éﬂ&n PF2afbds %leoﬂ—rﬂ@n ??{%e rﬂé) ﬂ’i@%rﬁé@né‘@ﬂuc’tu re
rovi aps 216 and 218 In t
ZOQ,rfpaﬁgamie m@ﬂ@&g varatiansdn sGhstrate cr_sardeteorstldmang apriations in
chiptierifs PERCATY, dfiegis 5 e ataas stitelife 20biay bértisa with or
withélit ® soRduidtivenstrublfreadtyréahd pliedor B ozjg@@ﬁe sife 618 dlelectnc

gap 216, coupling the central portion to the parts
sum@twcms afcardroard wasionavall, mmmtt@ amtepha lsiuctiirdds

mof i ERo PRl Ba EBha Bl A0 37 ooy afo -

cardbeamwcormarﬁww&mmamdkmo inthe vicinity of the gap
oéﬁi narr ow port| ons 224 and 226 may be narrower
[0 nAls Iseusserabqysy theoyarious agaptivescempensajinglanteina

strdd6reA &R el 'r@?&ﬂtmay be employed with an overlapping ground piane
for use providing some measure of shielding, to at least reduce the effect of
nearby objects on operations of RFID devices containing the antenna structures.
However, it will be appreciated that some or all of the antenna structures may be
used without a corresponding ground plane.

[0092] What is now described are various configurations involving conductive
structures such as ground planes. Also described are some configurations of
antenna elements (conductive tabs) that have been found to be effective in
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parts 228 and 230. The antenna el ement 204 may have a
conductive link 234, substantially identical to the
w@eorndieive |ink 220, in the vicinity of the ge@r/BIRN4/011147
0‘9(%,! The antenna structure 200 has been found to
GO&%V@ '%’Bd'ﬁmb gresthaiapes, sitvnghduwllldee aapiesiated ghat other
. . . t diiferent .
o3RGS of BhteAts cemefifs el b s RN Srolind blaEe i wil be
appeeicatedltisat theebaveatesaribsed mdaptive ekPfentamday be suitably
[t e, adgptiye porti 212 and 214,

coBPiacitth s BekiaPes et Sioun ATty bR g Configurations.
[0GEH O 8 8JeRiew NS radlb rai@eRty ibfériﬁﬁﬁatio%@@avi&g f(R?%‘t@g%hd& its

inCluding variations in substrate characteristics
aniganiaagyisters may belwleabee to stpankagé aneantainabjoemtrsmutitate

Qe A 15 Y RO PR L e S e Boccoge

mayi s affindividual 95%39@ cAHBRINPS Rocifi! (oA Gdritdnidbepsd

carton wall, to ich the antenna structure I s

individualeextedior pagisags eontainingwitbinnibagrevp ofi pdditiooakintetier

: a Q atainer 3-4 pmthick.

ol 2888 S ToE D BB L Bbolit e e 580 o
interchprgsally tereinttetieacribé Bunbierias it Hous8E dohings, Budhas
90%?%8?8' oyed wi th an overl appi ng. ground plane _for use

iheg IRYwguatRRtages: 2Rt paHkRIR! strgchitres.edbe present
invéﬁﬁ%‘? ghwﬁ ﬁétfbeeclérgﬂéd F}d;gﬁi g¥n&ma?%§arﬂﬂg&93ﬁ§tbw%eq{ either

evi ces cont al ni antenna str
‘padagetor, “dontainel’ ibesegpreci ated that sone or all of

10053 - A3 51a AP o G PHRVICH Ty Inclvia coRGLsia tabs and a
coftfRgivE R CRIE, WRhIPHSILRY lag4f 8%&%% fhglvc%wua ve tabs and the

conductive structures such’as ground planes.
conthmtive strdictire. Sidveecarhictige stiticiuns ovérlaps thencendlative talss and

o B b R i ey e
sur’{édé“u;%rﬁ)wmrpﬁ pountdd, bPt@thd predehbe be Pé@ﬂfﬁbjr@é@gg%ch as

hat other configurations of antenna el ene
goedseia avcarog s etfersiontriser that indludescstheatsyvice: i Bhe didléettic layer

el A R 5 Bl ATl B S Sl R o Wtiner
Alte&mta_h@@l?, teddieieticiayet meiybe alseparte AfyeNWANA MBS YarRin
radi o frequency identification device (RFID) and its

thickRessrrllayyiag anerrfjihe sonductivedabs o herapasijivelyr coupled to the

B c ) N : i

coRRNEE Sl ARG S1crh L TR B0 vy e ar

expenclediEesulpstyate ehatmmiap tievexghantle 2ften dsb ivatibai dpeistions, such as
.specific, known contents, or an individual, exterior

pri age containing within it a group of additional, ;
[0098] CFIc"13 i atbl A RPRFHERMPRD thERTaciRich aRiifERE" an

communication device 416. The device 416 may be either active in generating
itself the radio frequency energy in response to a received command, or passive
in merely reflecting received radio frequency energy back to an external
originating source, such as current RFID tag readers known in the art.

[0096] In this embodiment, there are at least two conductive tabs 412 and 414,
coupled to the wireless communication device for receiving and radiating radio

frequency energy received. The tabs 412 and 414 together form an antenna

17



I nterchangeably herein to describe a material that

houses contents, such as goods or other individual
wWoaokagsy and equival ent structures. The presBrit/US2004/011147

i nvent i on shoul d not be [imted to any particular

SffHEBM? A4 7orTHeshstabg 1R and Rt are §ubﬁfagaa"wdentlcal in shape and
s SABOB o rASSF o BUE PY FsgBByE gons

428tanac422 that\dlffé‘r in lodatiopakldtive ltayach of the eibs 4162 and 414. The
conﬂ%ctlve t abs and t he conductlve structure.

tabs,hii 2nd Ad 4snay be genesally idgpticallie coprneiing aeea laﬂ@ byqitabs are
of e §arﬂ§ stz B Glet asaéﬁ% nﬂltéﬁ\ﬁtl\?@%‘tﬁ@ 1 %gﬁgllﬁﬂ%ay differ
ce upon rch it is

sonewhat I nsensitive
in gige g, their amperrerrmlmgen@'ady threeaaig rebukinydn ascﬂjﬁ@ra;ﬁ
ner t hat s the

i t th t lu
coffeting Srede e BhsTHDEnE pad e b 5ollReaH PE NOh-SoVimeRt o
préidé aiffeént &ééiﬁé@éntéﬂné‘éﬁhbﬁﬁ@@dF@PékérﬂPlepfm Fgf 13 tab 412

container. Alternatively, the dielectr
ang 4ddrareaffset apdradiatenio pryvidaslstrantehna Isyﬂsm in area 4'1 8 that

oA 0 le A I UG ATt oS RRRGIA YE e

freqLegcigst i ve, the dielectric |ayer may be an
andabl e substrate that may be expanded after
[OQ%?E ilcigtalem cgrpf@mlatﬂdsthagnr@hna@ntrqn ingludes. havirapaiultilg arrays

of GoatotR s et e oot 38 S MbletRh e IS TR i ey

deblgned thvevorkdr UMBohIwigeoRe ahbiti@r td fared ﬂlﬁdﬂé?of ¥@lgpantenna
uenc%/ ener gy in response to a received command,
n

sy%s QB singly tasicamymppepeleranteniascas d@alrepcbinrdherp@qmw@rytag
=pRCAEH, Dbl 8P R oncRc o OB, JHL Bl fen

fretjnendies neaybbel |pmanded BbeTa Jheea@:]ndyelaét?spw% WU Widks range
abs 412 and 414 ed to the wirel ess

of nFRaAPrs AN AN HEIRENTAL aianiNAp SFioiendieated Ralkelo

Co,ﬁdlﬁgwgqgw?energy recei ved. The tabs 412 and 414

together forman antenna 17 WO 2004/ 093249
[0096?“/ heodoxidared sfsatpaso‘buﬂ’ze edriductive tabwoatcatiastddi2dandrigs.

14 3. GretRehBR o articteotlinsiaes Bueh HabP daarfe iangular
shé;ﬁ@m@ﬁrété@l |fﬁfi§|P1>3 B ald?Puitted aridinh ] 41%536% %rzbtedrﬁg

l'ocation relative to each of the ta
refegghce mmbers %&amyf%en GndBal |y identical in

0B KBB4 Suddnd 0500 265 Bl i Bnton
as eigtreidd lﬂ'Flﬁ' M%‘sﬁ‘@fé@@hé@nhﬁﬁbl‘s SPARAJ LRI Sfact, Fig. 14
generally the sanme resulting in a different

il U%*é@i@ﬁchr gfaade,. thahthe tabs mayinghlesa seriey obeortigudusear

rocnd i FatohEaR6, ar, P b S0 M b e *T T

[0100] In one embodiment of the invention, the rectangular portions shown in
Fig. 14 will have dimensions substantially as follows: Rectangular portion 426 is
about 3 millimeters wide by about 3 millimeters long; contiguous rectangular
portion 427 is about 10 millimeters wide by about 107.6 millimeters long; and,
rectangular portion 428 is about 3 millimeters wide by 15.4 millimeters long. With
these dimensions, it is further preferred that the dielectric substrate have a
thickness between the conductive tabs and the ground plane of about 6.2
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and 414 are offset and adjacent to provide a sl ot
antenna systemin area 418 that provides for
WO e®angi2zee at nultiple radiating frequenci es fRPECT/US2004/011147

rat| on at multiple frequencies. [0097] It is also
m'@ Spafeamt t#erWiﬁ@» thevasaund planecion ghis Preferegl embodiment is

are connected
abtgg{ ?Jlg\% @e ﬁ%y\ﬁl]dﬁ%s)ég?e;%%f Pﬁﬂbﬁ\@t% ied to work in
[0161 s orhencorindantiee dalos ey 4lso havmndegleIaESMpééagjr e’sl@h&ﬁfrh@posnte

o358 Wb ST L S PORS Googhvmo
sy§l.‘é% Rk bhﬁoﬁig‘%ﬁ@?ﬂé&é%ﬁn&%ﬁmﬂrlﬁﬁlﬁae g tk@t%aﬁ/éﬁigﬂg‘mth a
y be provide

frequenci es at the tag may
tnar@ﬂmmmen mnﬁgw@withaﬁg@efonﬁ auage oeadeglslaandrve such as a

ntal situations than a single dedicated pair
Slryﬁsmo[ailqgﬁgm ve tabs. [0098] O her consi dered shapes

[01‘ C} URFig OBl uRS ke fdRipirRs QzO'drk'ﬁJ;Z?trﬁQy ba éél@&ed sé‘&hat the
5, and include not onl é egul ar shapes such

impﬁ@am%@e@r@és the e fradpoints nd #22 of tabsad 1 hard g11413

d
N R e A e S
coRentrivgtidradevibardad toamgucior wambhfuratensferof ighergided
inthis invention as illustrated in Fig. 14 as

therepgasfe nunbers 422 and 424. In fact, Fig. 14

[0165 USIB ?’al %%etﬁé&'gflsgl crtlﬂgtf?écib%érﬁ)tg @tﬂég%%&e@e this

coh ous rec

conjﬁgammw&ncé%atmma){ (0 @Dgelbot miﬁts&ﬁl’ﬁédcﬂmﬁﬁ dlfﬂ‘er“hg&n
i nvention, the rect gngul ar portions shown in

locgliPn Where tae Madid: RIRElesqirachiiab alaken along an @xis tranéverse to the
|or§¢1«ag@f§8 Hé%rlﬁﬁf 591 é%ép k$h ARGt from 'Bn'e'ér{m{‘&f STP%HS the

meters |ong; contiguous rectangula
feepipdmte 4202ahd 4221hmyt béd 8electdd ma:thairrmt mallmdm oémeltabs 412 and

41 &l i fhedpolfts AeRarel 2,taken glong o sente hiGe af 479 iskas you
md%t dway fBRFtHE CERNIS! OMNthe té% wheré WddMlecty t%ftﬁ%r&)‘iinﬁwnﬁkatlons

the di'el ectric substrate have a thickness betwe
devisadmensueed againsirttieti@rgtlr diffleds bem@mmeatmmabs 42! 21and 414.

249 PCT/[US2004/011147
By BIGRS G Ry Rants, RS BURACHRLAR or GialaneEefos perniugate
impedwtbe@atch Gan B&@khieledm | | i meters wi de by about 261
mllimeters Ion%h [0101] The conductive tabs may al so

[010dle Snace‘@al YorW E@fésen(@rméb@ rigurepotbietlengitidipakcartatine axis
o 4554 1, ST o SR Bt e o

edg@e/ eftheatabianel esdendingsrorh bk drRi6f thalah b the ather. At times with
triangul art Bortl on contiguous with a freeformcurve or
8

regéjlqreﬁqﬁpggj silisslgpgitudingl centerline axis will be a straight line similar
to a longitudinal axis of the tab. At other times, with irregular shaped tabs, the

longitudinal centerline axis will curve to remain equidistant from the borders. It is
also seen that this longitudinal centerline axis is unique to each tab. The width of
the tab is determined along an axis transverse to the longitudinal centerline axis
and will be seen to be dependent upon the shape of the tab. For example, with a
rectangular shaped tab, the width will not vary along the longitudinal centerline
axis, but with a triangular or wedge shaped tab, the width will vary continuously
along the longitudinal centerline axis of the tab. Thus, while it is contemplated
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sinusoi dal pattern. [0102] In Fig. 13, the tab

feedpoints 420 and 422, may be selected so that the
wonpedasae across the two feedpoints 420 and 4Re2Tai2004/011147

tabs 412 and 414, respectivel is a conjugate match

thaifh® peesentinpandien detledes tahs haw){rég eptangWansiared portions, there
: j : mximum transfer of energy

W”?ﬁé?%eé&v\ggh.g h?yfggfjlﬁ%}engg}r@ﬁ% , a nethod of selecting

[01f053 d pariother methdueoft sebecting thelfeedsointy on theotpndlastive tabs, is to

SR oo 55 ol eSS i
aréiaaﬁ’er_ ﬁﬁ{‘%ﬁ’\glﬂ% Bﬁ&eqargﬁﬁcﬁnél.r%ﬁ%rﬂﬁé %%dsooﬁéé”ch tap varies with

ongi tudi n centerlTne axis of each tab, difters from
distareeamonp dne Iohigiuding) céhierlirfeeadp off Bhsh @2@@@%?32@@&;
b | ect ed h that t idth of _the t an
feclPi, T R5oras o ASnRIGelis 452 feedRaiit Alpretaran each tab
wherMRY intdifraffd 428 dfake %ﬁa?@?er Wﬁ}f%r?qmbfftﬁé’ BbAtefline varies and

. center of the tfggt wher e i onnects 1o the
is nmegesearly dhe widibwifdiee tatkasur ed agai nst the | ength,

1051 Bi: RELUEEReR d . PadPdtauithed retiocat g ec ptnd

pladeciBl iddPerativaipedasled toBas452BnAL5AC Rdreefbetid Piid
Specifically, wwth reference to the Figures, the

frequgpnpm engrayiradigtacirpmibedabs 453farg 4% T8e geewnd plane a

leifs i) ol SUPERUEPS, Sl SORRPRIRER LPAE P gBltor,
so thattthe godlredt plaft dlémentsvinkly effeetvelfrefidapadiotfedfueridyi shergy.
Io&itudinal centerline axis wll a straight line

If the gfquid plage glempagistarg; sylstantially smallgs thamtheonsiustve tabs,
. s | oo
thel SRS rpHhory 4618 SR ARy e S Gl pRbiape

elenfentd andanteradtiwithstheadcnterstis e thé phckaLg’iﬁg Eaugihgltf]ﬁtér?d)ration in
centerling axis ig unique to each tab. The width o
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[0108] As indicated above, a dielectric material is preferably located
intermediate the conductive tabs 452 and 454, and the radio frequency reflecting
structure 450. An example of such a dielectric material is the packaging wall 462
described above. The thickness or the dielectric characteristic of the dielectric
intermediate the tabs and radio frequency reflecting structure may be varied
along a longitudinal or transverse axis of the tabs. Generally, it has been found
that at UHF frequencies, defined as a band in the range of 860 MHz to 950 MHz,
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defi ned as band in the range of 860
frO@CﬁQNQL@OUﬂMUQSMQ PCT/ USZOO4/ 011147 a dielectric

013 BB BB SR L St B B 55D B o
forinieldeon #e subgiiate 608 avd bhiRKIDesp & stdpB220cdupled to the
antenna structure 520. The antenna structure 520 may include antenna elements
924 and 526, which may be similar to the antenna elements (conductive tabs)
discussed above, and adaptive or compensating elements 530 and 532. The
adaptive or compensating elements 530 and 532 may include one or more of the

types of adaptive or compensating elements discussed above.
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toward the antenna structure itself as described

strugiereeo2) imie adhrsing efdhe K IBoirMies 680 ite thelpaneldr40.
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t he antenna el emantsmg_I conductive tabs) discussed
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The g8rts R72 B Mi.b% AEEREBRFORRE iF i Bl Sanhia BB e
Alt@haﬂmpenh@q@ar&gem BREB74 ¢fithe ¢aReH 67Bovay b%]jomd b other
2004/ 093249 PCT/ US2004/ 011147 [011, 4] Figs. 18 an

means.@ichaesuitrhia stanles ar ether fasterem. (A |0@@ E maaor face
6788l overlapping portion 680 are conductive tabs 682 and 684, and a

wireless communication device 686, such as an RFID chip or strap. A radio
frequency reflecting structure or ground plane 690 is on an opposite side or major
face 692 of the overlapping portion 680.

[0118] The overlapping portion 680 of the carton 676 thus functions as a
dielectric between the conductive tabs 682 and 684, and the wireless
communication device 686. Performance of the RFID device 670 may be
enhanced by the additional thickness of the overlapping portion 680, relative to
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540 of an object 542, such as a cardboard contai ner.
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of the panel 540 and th d '
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conggatéﬁig\mmmmec@mtﬁ@m? (noaiot taces) 87 § AR PhiRE may
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refl%&ir‘\\gaéﬂ&ﬁth 0Nt GANbai dipkedTlcer that a vahietkolesuitablelponting
e ec.trlccaracterlstlcs.40116glt wll b .

me’dmﬂ;s_ema;abte@setiéo fﬂlﬁh%@/ﬁh%ﬁ 2oard BB, %%gpq)reglepgpgtsﬁgcture

configuration of t REI [ ) -5 [
90, faguejBoyiik it prBling iredtitig, Sy SfnuBtrrthare .,
[0120F mrﬁé Sirefescedragiinieltiow deviteb8s mayese auitaibly goined to the

to the triangular antenna el enments 524 and. 526
cor{dnetivg tahs G82:gne 6&4cfellowigg paiingof e 906@9&8/(?2@‘?6 682 and
684, 7516 iR MG PL BRI oftbisHad b cPefteRle rGifgroRocs, foRbkmple. by
plagiggtth@ RofARuNitatidve devict @86G7dEN amveb of dewiceararndo %‘@ta@@oﬁw

overl ap one another. The parts 672 and 674 may be
anch@Bési vel y joined in the overlapping portion. d

o) O i s B o s
park 8PP end@740ateovdrmppeddo sornOthepaverEning PORigrP80a, ¥ e

altarpativain tegdne SHatRd i B wbaBhsinpaft fe PHOHSY def fRfmation
of t?‘(%f e %Pﬁg\gﬁ%rﬁoﬁ 38D OfheSédrfuctife ﬁrﬂdm%\g He eayenawariety of

( “structure or ground plane 0 is on an
suitgie frikse inslutiing inksegantainfrgometal pagicles SUSHES %jlyﬁir I|;9§rticles.

portion 680. [011 The over i '
o330 e B8 s S50 T GHSAEPI B SREbRAN, B a2 o
anGRP S Freeitit @ RFubfrte 80d rﬁ&%oc@ﬂcﬂdrhfg formeties ©f the carton parts
comuni cation device 686. Performance of the RFI I:%
678 ewidGy 4 Wthntive dendustiva tahscP8R anch 684 e/ ootk reflective structure
69ég)le?nkgnﬁ)srsexgﬁnptleh iR IO AISo RS b9 AnaRr4. F EbRRihY D of the
RFID device 670 at least partially within the carton parts 672 and 674 aids in
physically protecting components of the RFID device 670 from damage. In
addition, burying some components of the RFID device 670 aids in preventing
removal or disabling of the RFID device 870, since the RFID device 670 may
thereby be more difficult to locate.
[0123] In one embodiment, the conductive tabs 682 and 684 may be printed

onto the interior of the carton parts 672. As illustrated in Fig. 21, a marker 696
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. physi cal | ' .
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I'sabling of the RFID device 670, since the RFI
theleaflantive Brustye 7dHebybpingsmesntecpn pitBlaner Poiast 51Gof the

su%gtll{gé]ad % é(vqrﬁslp ﬁgg%dgh%%%ssﬁ&% HAR9HEL dtRe (RPForPBRIH@ Slibstrate
712 underlying the conductive tab 710. It will be appreciated that, with proper

attention to matching, electrically coupling the tab 708 to the conductive reflective
structure 714, allows operation of the RFID device 700 as a monopole antenna
device. The relative thinness of the thinner portion 716 facilitates capacitive
electrical coupling between the conductive tab 708 and the conductive reflective

structure 714.
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onto the interior of the carton parts 672. As
illustrated in Fig. 21, a marker 696 23 WD
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e reflective structure 714, by bej _
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712, whjch has.a thickness,| Wy} i
tabpmg,ietmj_ @PYQ@'%WJ‘?W@ mﬁgj’ﬁzﬁhgﬁ]yl ng %I%gtﬁé‘ﬁonductlve tab
7Og_onduct ive tab 710. It will be appreciated that, with

(o4 oot s Bmsppee i e oot P s an
71ririapBrdotRRERTE CuBor s TR S bS8 produce the
thihed BEFIAROT 16 BNthEldubistatd 7121 Theampaicictive tabs 708 and 710 may
be formed by suitable processes for depositing conductive material, such as by
printing conductive ink.

[0133] With reference again to Fig. 23, the substrate 712 may have a sloped
region 720 between its thicker portion 722 and the thinner portion 716. The
sloped region 720 may aid in reducing stresses on the conductive tab 708 when

the conductive tab 708 is placed prior to compressing of the thinner portion 716,
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el ectrical coupling between the conductive tab 708 and
the conductive reflective structure 714. 24 WO
waQo03249 PCT/ US2004/ 011147 [0128] The conBATAUSY®4/011147
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riration of the tabs 708 and 710 th
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7oAt 8 S 9bebas Ti-RanPlics) W pltegpeang andervorton 710
[01%3%% pxARI (R sttRaSovd) ehavpraximity of terseconcheonshictiveitale part 736

IS nounted. By pr [ d ' ,
to tberRANGICUR FefsoHYb SHHELNRd 14 B TE BT JBrtion 716 of the
st.r ' he. i Al . :
sutffey 1 2Hefeghy SPH BabRily cOBplI AP IHE Socorm Bt e o the
refleeiivl etrueire 744, 108, spacificrexarapld, a3. 2rmmithick ifem dielectric was

co%gtl%%eidgveg;a t%ql)1 S‘gpnaﬁ(;}ed i(;grl’\ a?%a,&ﬁ% t%g%%%%%) ipi@rcfaﬁ'feﬁa. ?ﬁgst raised
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s agdeuel e Rerd g AT G B PH Hdfasec
froRY0.6% bt BY SPNEHhING® & Péactance of 17.8 ohms at 915 MHz.
[0136] With reference now to Fig. 24, the RFID device 700 may include a
compressed border or ridge edge 740 substantially fully surrounding the device
700. Part of the compressed ridge edge 740 serves as the thinner portion 716 for
capacitively coupling the second part 736 of the conductive tab 708 to the
reflective structure 714. The remainder of the compressed ridge edge 740 may
serve a mechanical structural function, providing a rigid edge to the RFID device
700 to prevent flexing of the RFID device 700.

[0137] Another embodiment of the RFID device 700 is illustrated in Fig. 25. The

RFID device in Fig. 25 includes a resonator (a conductive tab) 750 with a
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a variety of suitable nmethods may be utilized to
materizisicEhe IRFIDhdevieas 70 maynnziudesithensuitala laysire for example

an abeuve 12y ey ol A P PR RdicP 7EGH aTERtchp effner type of

Con'i?m%}r(ﬁiﬁqotﬁért&ﬂécﬂ n conbi nation with conpreSS| on or
one produce the thinner portion 716,

[0189kriphe,R&ID devis gosvaY be upduRacE$IRY SHEFDIGS 7o) opegafions.
Fig, 28| 4 esﬁ%ﬁgﬁé{ 8[@@?%}:1“& d éc;ﬁétgh%d" o n‘?élhf}% ®FID devices,

'S hea
sudgs EH%PRWID idevidel TOOTEBefiBNNE Wit asell 76\'Zenf sasulatede naaierlal

t t lid h
764,%23.1@2@?@%%0@5@@@% maoheiastvedahs PB:ary £ i 23) and
the re @%fgﬂ%ﬁtr@thﬁ]?ﬂ &ly@t Hﬁbﬁ?gélt%%lés@ tﬁ@gﬁgﬁt??tgrﬁmenal
7643f | tswill thabdspreeiatetithat thze prioidu c766tmay athrannqb@de m;ﬂ%/ple

716. 0135] As
b e G o0 G oAb el e
4, h |
P“{s@ﬁ BE eI UG . e 715 between. aids i
lagt: ﬂa\(/;ghﬁm stqﬂonr@;ilmaystmcmﬁﬁ mapltace'ﬁae wirglesse
ruc

cormmm%hm davives B 3FG 23R AR HRE UGS, 5
coﬁhn:l@rggéerqlcﬂ{ §8vick$706 tn’i‘éyﬁbé‘ eShsrrdd o tﬁi@suﬁ&tr&td maewbl 764 from

ectric constant of the plastic foam naterj
a dapanate. Reb of MateriatT0cfAterNativaly, it wnlt b appERfiaigd th&! other

TR o el O AR g0
suggtg%ﬂeorﬂa@f@i 76@; Fb@b&bnweu:smleam@ pim(Sanmpra@a&méraﬁmrm may be

F, has a reactance of 17.8 ohns
usad t@pﬁacmhe Wicaless cwwum@am\éceﬁﬁp% Fig. 24, the

D .
PP RS A S0 R 94 RSB 451 oers 74
anderVie eThe P8ller®3Th aiid TTE nayrips esmtdy hed‘@i adddarésuitably-

serves as the thinner, portion 7]b(?
shaped surfaces, for example including suitable protrusmns and/or recesses, SO

()

as to compress a portion of the substrate material 764, and to separate the RFID
devices 700 one from another. In addition, a protective surface sheet 778 may be
laminated onto the sheet material 764, to provide a protective top surface for the
RIFD devices 700. It will be appreciated that the compressing, laminating, and
cutting operations may be performed in separate steps, if desired.
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capacitively coupling the second part 736 of the
conductive tab 708 to the reflective structure 714.

woheosroesmd nder of the conpressed ridge edge 74ﬁcwnm2mmm1u47
serve a nechanical structural function, provi

[0142]; it will e arpreiatesHihat giharauitablgoprosepses By z 8&?%'51

g HEIS B 0. L B TR R e, sct

as Rl Ebatng Grespra Ebgtmg’,’,ﬁnay @leuﬁmsea fmramaim’gcone( side of the
conductive tab

doviens khcRAGREvE 10 G AIRCHIG IR 3 dgicasdo gagtons or

t ﬁérgss comuni cation device 706 is coupled to
Onghgomésl,onator 750 at a suitable inpedance point. The

[0143] e TéesRF b devioe 70, withdevinoaoFale arderna strdolupe €02t bas the

AP L P s AR W SPGB UL R S At TR R Bbote
anfetm@bRturés? 'I"HéyleﬁﬁthS@ﬁ tR6'84 chA bethéah Waludd efith use of a

I npedances of the wireless Communicati'on device 706
manupolérantennay sughaas irothet drviee 08 anaonmByisqriesBHippite
ices, 700 ill. strate in_Fi
anlpness device: haago Siralét i §F abfGphe HlemsHr o tabs). By
haGﬁPtP@Fﬂlﬁ §enkas Bf ASnaler efzeditwill lb@tapp?éc@ted ikt euch devices
erials. The RFID devices 700 may i ncl ude ot her

mayuibe stilized laﬁawsierf\/@flebk@fm@lcaﬁﬂn%dhes| ve |ayer for

o 4051 B SR S B gph ettt o
wH(iicﬂZtr;éat? béQRaiftinde delﬁgl Hmamfasmnﬁgwmmssmg Iopefratlons with a
i ons.

e aRCECKD9 58 off R HOE I EKTRS: WBH MGy B RO R g5mm to
0. Eﬂﬁwe %J gg\ﬁ.ﬁﬁ&é&rﬂl gllfgqvttﬁe ‘T’{Frl 'dev;%zm’(f) t@P§§§?ﬁrbﬁbﬁ standard
prlﬂﬁ?éubirlexantpfé)ﬁ) ,tm& aai;:dlr4 G!dd;e ()Fo’gler mﬁ)rmanbn ohe label 784 that is

reflective
pagofithe R Ddaviese/Hie AEAPETORRING QPGIRTST e, i S e anigoe of
thé F@d%ée'aem RkhB5&s gﬁtﬁe@%s%fé%i MthiRelbdfStaTES2 hitlyebe

ers or exa € to print the conductive tabs in
expaaée@,nabmaspglwirmknbserimmm shomiminifrig. 2f. t he

T S E G e SRRl b e e
de YRV RsscfiBEd (‘15‘réin %%Pudlr%é r\}wﬂe‘feﬁ EGRMmunIdRion d)ie€s $86 and a

conmmuni cat i on devi ces be transferred to the
pafrutfaionaiuetiventadsi 288 a6d 790 @m @n@ sidgrofttae wobsisatenti% ans a

e A s U R, Pl

Suggﬂg}@ﬂyg@tl on devices 706 to the substrate materi al
764. For exanple, a suitable pick-and-place operation

[0146] bRefergrginow iplasiditionie Fipsc2&39, deliafesf &a pwcture of the

ex%%\ﬁdaglsé su%strate 782 are now given. The expandable substrate 782

includes a top layer 802, a middle layer 804, and a bottom layer 806. The middle
layer 804 is scored so as to be separated into segments 808, 810, and 812, as a
shear force is applied to the top layer 802 relative to the bottom layer 806. The
segments 808, 810, and 812 are in turn scored on fold lines, such as the fold
lines 818 and 820 of the segment 808. The scoring along the fold lines 818
allows parts 822, 824, and 826 of the segment 808 to fold relative to one another
as shear force is applied between the top layer 802 and the bottom layer 806.
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[0141] Finally, the substrate material 764 is passed
between a pair of rollers 774 and 776. The rollers
W@ 2do4amsk49 76 may be suitably heated, and have sartuakioyo11147

shaped surfaces, for exanple |nclud n SU|tab e
014731 Fashadne sepmentsEea L), and 6 Eahesth The top layer

T R TiA Rheeprp szt
thepp@itsehione side bithe sdurments B8yBy Oband B4 i (the: Bghtomss parts as

shewnfiafio% a7 10le The hEtBIRETSORES AARESTYS et BsbFbtectively
ap@ﬁ’% fELM&H thb®bitbhfiage Dﬁﬁéw&ﬁeﬂt@%% $l8e oRfite segmenls

g operations nmay be per In se_,;Joar ate step
808f 8@&91‘@9&12 (e WStrROSp A9824 SheaM/IUSITH 2/ 03Qn 47he mlddle parts

of g et tssseimyens SBLR Frofa Bziatdnoh g ke b Bisden a sither
the/ {4 |a§7§|f 86X B Ehotfoth A reB0m Bl BEb lefofed wIRex relgtVe to the
as ro coating or spray coating, may be utilized for

segmwnlt pgrisa ajihge siste.t he devices with an adhesi ve,

o VAR AL M P L Re BB g, 2. e
tofTRIVRPBDLE amdttAB hdtidhi l§er 866 Béhg belsctivedy adtersd gsegrment
a snmaller size, when conpared vvlth simla

panawfilee migdedayeriQd eihetonprationsmayihe P%f%@%%%gﬁih%
suggﬁgﬁé éjiu d{cgn M@%@Fﬁ%&’%ﬂé‘ tﬁbr‘é?&%gﬂile &he BINABELFe tabs 788 and

n conparison to a

790iray ®e fanhed oaate dey layer 802 agd sherrdflectise sruoture 792 may be
antenna el enments (conducti

forgasd Salaspd HndhaHalions Eyer S0p. e Wisosp SoELTdaton device
78%%?}/ Le tﬁl&@éd n["%}m%? \lgﬁh {Hezgéjndho Uttide AL T788 @hdet90. 9Printing

app I ons ws an RFID device 780
opesatiorns raay e))eanﬁIIMGd tsqtrsrtt mtthe]&iel 784hvfdhe RRirlDodevice 780.

mal gtg%lbg?{g 1,% nc%ngggﬁgﬁyﬂ&glhg 8&%%.?%5?% Z@% oay allow the
Ri—ﬂ[’ﬂ & gé\éﬁ ﬁﬁ?ﬂmf%mﬁqégg %E\i@égfoi;) ﬂﬁﬁﬁ@]thb |a®eb6FTor

may a vant geously devi c 80 to pass
pelrﬂmrmu@nomeanparamonpr ilmaddifiont the @omnm@ed@qbrstrﬁte &8paray be

t her .i nf.0 bel 4 t hat
eagferﬁﬂéjsggplbo%@myg{;%@erofﬁp{lgﬂl%s ] ﬂ@ﬁ%‘ op:r altlsongart
[0i49f Ar&erape¥aiirrggerations itatrillEs @b thinpkanriesubstratd @82, the

substrate 782, the substrate 782 ma% be ex\&anded

substrateaéda glayttse expandesk astibustraied éhbign 30n Whgn apshear force

o435y B B el Rt PRV e

80NéHifsl PBQItl@n\Nelhﬂ{/@fE@ﬂ@ﬁdﬁmmCIayerCBO&ie'Vh@ end&@rsnof the
al r o

conductive tabs 788 and 790 on [
segmmts 808, 380, anch@13, sqrae IOéM'(h'%a@t@ siyely @égﬁEﬁfLiq R?‘Q top
Ia;%r%fjal% 3iRrs OF vridh HREadI8H 1Stk bBftotNByer 806, also move
relative to one another. As the end parts of the segments 808, 810, and 812 shift
relative to one another, the middle parts of the segments 808, 810, and 812 fold
relative to the end parts along the fold lines between the segment parts. The
middle parts of the segments 808, 810, and 812 thus deploy and separate the top
layer 802 and the bottom layer 806, expanding the substrate 782 and increasing
the thickness of the expandable substrate 782. The resuli is a corrugated
structure. The expanded substrate 782 has low dielectric loss in comparison with
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substrate 782. [0146] Referring nowin addition to
Figs. 28-30, details of the structure of the
weoxpridadabe substrate 782 are now given. The erpamusaihe11147

sobdpess, Vifuts Detasec seperatuoctNeE N fanducye fabs 788
ang%oi @Jneafbg >§5¥r§§’orﬁ§f the &%sﬁ%ﬁ@?@?ﬁﬁei&bﬁnﬁéa Febsaf0rs2 is

as a shear torce Is applied to the top
suitablefoBis® ashatieleetriodfor hesurfacedndé ré %~ |Drtiag structure.

fofftled hesstiarrdarcershrtiean fedon /el Rzo8 B BRudR ver 806
APPESITR o 8 0% A0 el b baapi i shar o
84Hohaly belappliee bysuitablyemtiigered mlleshawith ther llershaving different

rolgB R rSEiOp s B 05 b i ks s 9T 1Ak el 7 et e
layers BO2 sFRIBEETayEASlud8 osuititie R3E! staink IByeethatchased hedative
top layer 802 has adhesi ve pads 832 sel ectivel

sheppbéaberdhadasrs A0Z2mbB06 whenbe bsirate 78k haries.

0P yorisch Rl 85 ERET R A9 oy o 8hAcl B pgyraton
byl st a%@riétz%f adhablewrayradacB 36 Bepirninigtakyendspgfithe dayers 802
to adhere the bottom | ayer 806 to the

. rL
angl; giickimng togethergsHitable pans of Hirpsubsiaie zg%-( {"ﬁeg {é@%?ﬁB;Qe
[ i - i for s
oS54, 757 TS Wi, Ain d ousshenasit anlraoy
cuttihiesnd bendiat tiawhrtpoioas tofiéhe entie of the iidde pad ajithe
the bottom | ayer 806, but are left free to flex
SegE’!Qﬁl@-ve to the segnent parts on either side. [0148]
tAar i
01831 B GBSO Sraas 15 e OB Sty of o varioy
of Isajtable3Asteiaisnglse layers welyybettasiecaf a suitahjenpiasticyaaiesial.
of the mddle |

AfgpatEhl somme o Bl OF i yaR ek s Hanb o Bt died material,
sur%rgaésgae slfffgéblééé%@ard.t S re® Bt Iiaggrstm S8 anaBO/RRY be

y rmed on the top |ayer 8 and the reflective
made of boe engtedakrandissher ofithedayars $02¢ 884 oand BE6BRY Bmade of

| ayer 806.  The wi rel ess communi cation device 786 nmay
arpg)(?ﬂrgggealail.n contact with the conductive tabs 788 and

[0188) Thé RAIDHeVvREY 240 ﬁﬁ% eyuiteb|® forf en@siatiabely such as for
the | abel 784 of the RFID device 780. As noted abo

. \LE,
placemeni @k nagens containiag apy & damrietihet suitable gataegls. The RFID

o et Wy DR A5 BT B 5 48R 34 SAHBEHo by or
meutiig BReREID 68gice 78066t bidasion, hetheo typeesiaahtainer, or another

substrate 782 may be easier to use for performng
okje¢ter fabrication operations. [0149] After fabrication

[01RE] & WiNBe diptedbidd thet IHAPREMTREFRE SB0SMEF el Sed Bsuitable
roll processes, such as the processes described above with regard to the system
of Fig. 26. As stated above, the expandable substrate may be in a compressed
state during some of the forming operations, for example being expanded only
after printing operations have been completed.

[0155] Fig. 31 illustrates an RFID device 860 that has a pair of generally
rectangular conductive tabs 862 and 864 that have a substantially constant width

along their length. More particularly, the conductive tabs 862 and 864 each may
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substrate 782 may be expanded, as illustrated in Fig.

30. Wien a shear force 840 is applied to the top
woOayewoo®A2 rel ative to the bottom | ayer 806, tREeTUSPI04/011147

| ayer 802 shifts position relative to the bottom

havieasy subgiastialisheonsiantaidihs inoa dirpetionskgngvarse do g loggigidinal

812 t
corfg i ein. 35 3% Merchu LB R 3% ¥nd EGR By e it
strUtBlirecaT( tineis E0fpledlts a irsless cematinieation dexdceB68tseich as an
As the end parts of the segnments

RF&:h chip orrsdrag: | (ke een@w@yaﬂ@ﬁﬁﬁewaf Pﬂ@gwfta’a t@bﬁgi%ﬁgh%‘ﬁe been
foulflo BETRRPo n, S0t ithicHichiopQlith cOReCathf (1@ such as
theg?gégknﬁlﬂgjeclmﬂcﬂ;ﬂ%rpanﬁ$>Ian‘e&d!?m£b@da’ﬂw8808 810, and

. epar a
(0155 150Nl 6 AREyer BESH AL BRI ooy ke 280 e & $aB0d) dess of
de\k)gkgsr ﬁ%ﬁh@ Q:onHP@tl\}é”ia‘b‘éﬂ/ﬁﬁ'?s@éstéﬁﬁa@/ws@ﬁde &t Abg be

e'resulf Is a corrugated structure
eff@otwet}dmdswthbtamﬂecfh@c@mﬂsdtlawsti‘u@tlﬁ@t §ueh| Q‘;ﬁ’!ﬂMCﬁVe tabs may

ha\é?o TRepancBelliiah f eanaal e @@@%@%&}ﬁﬁﬁﬁﬁé@ ¢ Eig, 31.
; hZ Wmd@“@@ﬁsm lrrfrhfﬂ@'v&ﬁ@nt@umumcamammerskmﬁad in the

substrate 782, the expanded substrate
artwonaa)readﬁng ofithe f@gegm@g desenption. flpphauld be understood that the

pre§ﬁg ﬁ&%g @ge tdlﬁﬁ@%@g%g?)& gglt't%hfe]lﬁ%ﬁg SEWEE%E?% ohn:l_rlﬁﬁnlcatlon
deﬂ@é%@ﬁ‘s' Eaghf orrsiot drearijephéred For t?@puqﬁo%sm‘rthlst y
ear, force

apm‘i’.g‘gt 3@92&@8&%& c%%y"ﬁ'giﬁwfieﬁmias eghpelicectly - Ggnnecting or
ree%ﬁtcllfl? ré’%h@@ RA%H% gb&ﬁlﬂgﬁ@%ﬂeﬂh@& éifhér%?bbi%e%"r inductive

In grip ternat y, one
co®pliigneOné @Y@r@né@ﬁslalhm Beartrwijll iecopnite thatinerabre diffiesent
shrink |ayer that causes rel atlv 'FES‘E ar between .t he
t

manapes i BHIEhRESEEISTIR PRACRAIISEIRS PreseTL Inehtioy- The
preles)(i(gwli5 eFﬂSnﬁ{ﬁg%‘&g% oné&@%l’%‘t% ?I%ﬁ*n&&)énﬁearfy &Qdvalents. The

an ed Cco a vari et
spé(tlfltt‘. ahibmdivagats mmhmlmarqoiamdmgthmun@er@ﬁar&mg péthe present

inveRboaat paed iss Beraed By gt Sority P8 utlinHpanner

naWo r ghat! t{@@éﬁné@h&ﬁhé? eq§N§fén@§ pol yur et hane foam
Ssuita cutting and bending i nward portiaons of

[015&1 though theenvammndquabe@ shown andgiaseahed withorespect to a

ceratﬁgp gpﬁgafr,rﬁq % f%@?d@ﬁ?‘@%@%% &% thﬁy Saqlvgfélﬂ? aﬂé'rtatl%s and

caﬁ%nmﬁ o%unato%'t'hb?é)élqlléﬂ rSthearfapen itted readlng and
ternatively, sone or all of the layers may be nade

undérﬂamﬁpgpﬂﬂasweﬁﬁmgm@and the aRnexe dgeuymgw i partlcular
reiaao 3pe SraotanutyiohS herYEbR L e e AfErBe] stent
(c&Afonand, 886ermBlied;@levivde, odmpositions, etc.), the terms (including a
reference to a "means") used to describe such elements are intended to
correspond, unless otherwise indicated, to any element which performs the
specified function of the described element (i.e., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary embodiment or embodiments of
the invention. In addition, while a particular feature of the invention may have
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anot her material. [0153] The RFID devices 780 may be
suitable for use as a label, such as for placenent on
woaod4ma4gont ai ni ng any of a variety of suitabPbPeT/us2004/011147

materials. The RFID device 780 na%E%nc ude oih@r ted
beers dbtaties dmyver with respest derpnly ene abfeLs GESpYgre Illpgirate

ting the, REID devi
ool e RR S < Y ol R 38 o me i gbiies of
the GRBF émb%ﬁﬂeﬁﬂéabsm BEldesitey iand atk@ntagedus fos edy given or

e

suita rol |l processes, such as the processes
partitetarrEppbdatidiove with regard to the system of Fig. 26.
As stated above, the expandable substrate may be in a
conpressed state during sone of the formng
operations, for exanple being expanded only after
printing operations have been conpl eted. [0155] Fig.
31 illustrates an RFID device 860 that has a pair of
generally rectangul ar conductive tabs 862 and 864
that have a substantially constant wdth along their
| ength. More particularly, the conductive tabs 862 and
864 each may 30 WD 2004/093249 PCT/ US2004/011147
have a substantially constant width in a direction
transverse to a longitudinal centerline axis of the
tab. The conductive tabs 862 and 864 form an antenna
structure 870 that is coupled to a wreless
conmuni cati on device 868 such as an RFID chip or
strap. The generally rectangul ar conductive tabs 862
have been found to be effective when used in
conjunction with conductive structures such as the
reflecting structures or ground planes descri bed
above. [0156] It will be appreciated that the RFID
device 260 is one of a wider class of devices having
conductive tabs with substantially constant w dth,
that may be effectively used with a reflective
conductive structure. Such conductive tabs may have
shapes other than the generally rectangul ar shapes
illustrated in Fig. 31. [0157] Certain nodifications
and i nprovenments will occur to those skilled in the
art upon a reading of the foregoing description. It
shoul d be understood that the present invention is
not limted to any particular type of wirel ess
conmuni cati on device, tabs, packaging, or slot
arrangenent. For the purposes of this application,
coupl e, coupled, or coupling is defined as either
directly connecting or reactive coupling. Reactive
coupling is defined as either capacitive or inductive
coupling. One of ordinary skill in the art wl|l
recogni ze that there are different manners in which
these el ements can acconplish the present invention.
The
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present invention is intended to cover what is clained
and any equi val ents. The specific enbodi nents used
woeomion3zapse to aid in the understandi ng of therPpTaseY/ 011147

i nvention, and should not be used to Iimt the scope
Whatfs ¢lblnédhisenti on in a manner narrower than the clains

and their equivalents. [0158] Although the invention

has been shown and described with respect to a

ceft AlyReNPaevieBHongsristdpodi ments, it is obvious that

equi valent alterations and nodifications wll occur

t oadiiglectsicdryaried in the art upon the readi ng and

under st andi ' g ' i 1Bpgyed

ar Anienuae g dlop.S ARFIger g ey geetricnayan

f uggIRFDScHIg cboplEedoltiie theeratzove descri bed el ement s

{ haheesindne Pnenne s are BEbKencR g or aBRpsfit,
eleqt}%l\tg Eligtgctoﬁﬁpéﬁ%e ek i Béft o1l &tteisleflah @ peeatingeemdrahment

f Wi se i ndicate to any el enment which
in pREGMRY ttHdenteapaciiickdef unction of the descri bed
elenment (i.e., that is functionally equivalent), even
t hough not structurally equivalent to the disclosed

st U ' fpn f somedérating dloments ieicludes a
il |%§¢%?%@E%>%Eﬁp%r§ ngrejorggpfr?gnt OI? errbogi ments of
capbb@orl nvention. In addition, while a particular feature

of the invention may have 31 WD 2004/ 093249

PCT/ US2004/ 011147 been descri bed above wi th respect

t 0 O o AREICE o B 2fWEEERT Ble ¢dpacitor it anlinter-digital capacitor.
enbodi nent's, such feature nmay be conbined with one or

nore other features of the other enbodi nents, as may

g:rlld.?ihé %%v%%&i%ﬁniyﬁg%%&ﬁgﬁ%g%% Sements include a
mebdélRd086+ 011147 What is claimed is. 1. An RFID

evice conprising: a dielectric layer; an antenna
structure atop a first face of the dielectric Iayer

and I D chd pled to the antenna; wherein the
ant%nﬁgeger\'ff&#r(gaﬁ%r udes one or nore congensati ng _
el efRBicH tiphnkempatsatwedhclldes condugivettab@ntenma glegnents;

of an operating environnent in proximty to the
anédnt enna structure. 2. The device of claiml, wherein

the, cOPBeRsatdhdel RS i T5d2EE BetvedRBRERFID chip and one of

the antenna elements.

6. The device of claim 4,
wherein the meander inductor includes multiple turns of conductive

material; and
wherein at least some of the multiple turns are capacitively coupled with

one another.

7 The device of claim 1, wherein the compensating elements interact with
dielectric material of the dielectric layer, providing different operating

characteristics for the compensating elements based on characteristics of the

dielectric material.
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3. The device of claim2, wherein the capacitor is an
inter-digital capacitor. 4. The device of claim1l,
wohew@ose4h he conpensating el enents include a ReaUS2004/011147
i nductor. 5. The device of claim4, wherein the
antenna structure includes conductive tab antenna
el ts, .and erei n the neander inductor is |ocated
begxr/\rgg}? q%\gc%gf\gjo\gh% and one of the antenna
el g/RRbiR thé antdralstriiciaredinciidesra gair aheorductiviedabs coupled to
meander i nductor includes nmultiple turns of conductive
the RE{Rrchi;;anghd wherein at | east some of the nultiple
turns ar | 4 ' @€ apRidetomé exient
Thanrse e 3R eshY RHBhRbotbhecRE R Al ReSE somo extc
for @lzB1HRRA dldutdtalahavadibristitisadidbe coodwetiver el dife orateraction
diel'ectric |ayer, providi di,f.ferent operating
betwaen Hha epndicive taby aﬂﬁéh%aﬂ%%%%fﬁyﬁg- el enents based on
characteristics of the dielectric material. 33 WD
2004/ 093249 PCT/ US2004/ 011147 8. The device of clai Bw
7, aEheidevichefamirnhavseneirctherdelesdiclgysr inchigs eardpoard.
conductive tabs coupled to the RFID chip; and wherein
the conpensating el enents conpensate to at |east some
eXURNLTh By BTSN 1, Whérin treadiciotrialaer indllides pastic
the conductive tabs due to interaction between the
conductive tabs and the dielectric layer. 9. The
devjce_of claim wherein t iy i L 1 i
[ nc1bd-<g§e@§9’lﬂ>§o%ﬁ aim Toﬁh%ﬁiﬁgjeed\iéljl%!ae%g (Hc glk ?n'}t?,]des plastic
foal?ﬂer ein the dielectric layer includes plastic. 11.
e device of claiml1l, wherein the dielectric |ayer
i ncludes plastic foam 12. The device of claiml1,
wherein the die | i i€ IRy hagfa BMickness of at
I eaif' EBS ev;ocq#f&%@{\ QT{!YQM elg!ﬂi’%d%#é&g{lgi m 1?]af§uart her

leaSPABG Wt fna conductive plane atop a second face of
the dielectric layer, wherein the dielectric layer is
i nterposed between the conductive plane and the

ant eang, st fUgLdELclaim 1, further comprising a conductive plane atop a
second face of the dielectric layer, wherein the dielectric layer is interposed

between the conductive plane and the antenna structure.

14. The device of claim 1, wherein the dielectric layer is a portion of a

container.

15. The device of claim 14, further comprising a conductive plane atop a
second face of the dielectric layer, wherein the dielectric layer is interposed

between the conductive plane and the antenna structure.

16. The device of claim 15, wherein the conductive plane is between the

antenna structure and an inner volume of the container.
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14. The device of claim1l, wherein the dielectric
| ayer is a portion of a container. 15. The device of
wol2eo4moi29 further conprising a conductive pl areTase@4a11147

byl Lot S KRRt o
the SrdAReRatit] i SMEAPABIILIHEIH ne fbe IiReERHtIER 0id the

e conductive plane is between the

condidtReiatet srniahWpposiie fase oftherporiidume of t he

container. 34 2004/ 093249 PCT/ US2004/ 011147 41,

The device of claim 15, wherein the portion is an

ovegl e k apy of ' irtBrubd hoiudesnan pair of

ot Bt TReCeHCS BE SRRy eFpRanktrieina Srb i P
con8a@lecihby &opbiiceiodhe&FIBpgusi t e face of the portion.

18. The device of claiml1l, wherein the antenna

structure includes a pair of conductive tabs coupl ed

t 0 qigherRELR e8Ik clah®: 18T hehetein the cimséraiatioh&lemieatseare parts

t he "conpensation el enments are parts of the conductive
of thebendtBiveTthbsdevi ce of cl aim 18, wherein the

conpensation el enents are separate from an

operatively coupled to the conductive tabs. 21. The

deverpd delrenf EhimMenehéreimiedicrhpetsation elgementsasrea

non-uni form thickness, the dielectric | ayer having a
sepanaterfrm poreperatively caupleddrdhe sePEVEHe t&%é wherein a

portion of one of the conductive tabs is on the

thi nner portion. 22. The device of claim21, further

compf i $haGeFiceasTciaihi Y8, wherein titeogietectrir myer hag @ rygn-uniform
the dielectric erein the d

thicknoss dbe clelpetrindayRR ARG AdNETPY BOBRRA G hdh el pEGiioh and
wh%rr@]@%gg}aqr@éﬁ ggéHé of tlY@@ér?ddbtiVF?atE%ofstc:)rPﬂwé)ﬂﬁiﬁﬂ@ portion.

'S capacitively coupled to the
conductive plane. 23. The device of claim1l, wherein

the conductive tabs, argf each coupled to the RFID chip
at 2f dbapsviesolflaieing in I ocation on each of said

E\A\A'g{uﬁ{f%%? Cpﬁrgjric Eﬁ%ﬁa ABKHG&IVRS plahaiab R d.setbad ace bithe dielectric

uctive tabs taken transverse to a

laybeVihdrath thel diclectrir layerisantespasedcbetweaeathefangyciyq plane and
di stance _along the longitudinal centerline axis of

the-ariaNBA SYHCWI®abs fromits feedpoint. 25. The device

of ghatdihiRe pBRIEbNthER®nALEtive &b iapaottidalytGoupledtusthe
transverse tg a longitudinal centerline axis of each
codlrtive amst anti al | y constant.

23 The device of claim 1, wherein the conductive tabs are each coupled
to the RFID chip at a feedpoints differing in location on each of said two tabs.

24. The device of claim 23, wherein the width of the conductive tabs taken
transverse to a longitudinal centerline axis of each tab varies with distance along

the longitudinal centerline axis of each of said tabs from its feedpoint.

25 The device of claim 23, wherein the width of the conductive tabs

transverse to a longitudinal centerline axis of each tab is substantially constant.

35



35 WD 2004/ 093249 PCT/ US2004/ 011147 26. The device of
claim1, further conprising a conductive plane atop a
wG@emanB2iace of the dielectric |ayer, wherei nP€TES2004/011147

dielectric layer is_interposed between the conductive
pl afe dhe deviee ahelaiMd. structure; wherein the
con [ At ' t :
poy Sibter SBnRr R £ CCRACoNE plefgStod A¥deoflaTate Br e Melectric
laygr, winereiri thet dieledirid lagér isdnleayesed betwedestherconductive plane and
expandabl e {Tat_eri al. 28. The device of claim1,
the\/@fﬁ?@f‘ﬁ THEWUA Rt enna structure includes printed
con ii V. f ' ; ,
ahor BErGN e cBaR e fAdny IREriR IR AR o inextent
beyaykthe Btenmastimeitiree of claim 1, wherein the antenna
structure and the conductive plane are fornmed on a
different parts of a single substrate, which is

f ol ded TheedeidslofElRRS NeAhkPeif RRO SidISctit W ferhcll8s an
dielectric |layer. 31. A nmethod of configuring an RFID

expridabdée maierialet hod conprising: placing an antenna
structure of the RFID device and a conducting pl ane of
the RFID devi ce opposed to one another on opposite

si dgs. Theaddliicd 6Etlaig 1| AHefsin tAE Antdhmalsttindutdifcludes printed
antenna structure to conpensate at least in part for

corgyclive elementshe diel ectric |ayer on performance of the
antenna structure. 32. The nethod of claim 31, wherein
the re-tuning is an automatic re- tuning perfornmed by
conpenJaki davied efrelains 19vhiehein ahé ebndudtivieusine és Artonductive
. response to being placed in proximty to the
inkda¥8fectric | ayer. 33. The method of claim 32, wherein
" the conpensation el ements include capacitive
el enents. 36 WD 2004/ 093249 PCT/ US2004/ 011147 34. The
net 80d Toke ddviceroBAaimi endiereih hiee aatarerassituctorechmarthd s
i nclude, inductive el ene

s, 35. The nethod of claim , .
condctiiA i ais toriescang IMieiubBats Phe Figle SUbStieaHen is
folfdd Y BRSCREETOPISLLIHE! didlePbPIRR ABIRRROBYEE Si des

of a contal ner.
31. A method of configuring an RFID device, the method comprising:
placing an antenna structure of the RFID device and a conducting plane of
the RFID device opposed to one another on opposite sides of a dielectric layer;
and
re-tuning the antenna structure to compensate at least in part for effects of

the dielectric layer on performance of the antenna structure.
32. The methad of ¢laim 31, wherein the re-tuning is an automatic re-
tuning performed by compensation elements of the antenna structure in response

to being placed in proximity to the dielectric layer.

33. The method of claim 32, wherein the compensation elements include

capacitive elements.
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36. The nmethod of claim35, wherein the placing
i ncl udes pl acing the conducting plane on an inside
weundsaom49f the container, thereby at |east papCraiskgo4/011147
shiel ding the antenna structure fromeffects of
aﬁ%ﬁm bthaskolaaimidaewhessin th compensation slamerisiaciude
. erein the placing includes placing the antenna
'nmé?WEé¥ﬂW8“ d the conducting pl ane gn opposi te sides

of an overl apping portion of the container. 37
35. The method of claim 31, wherein the placing includes placing the

antenna structure and the conducting plane on opposite sides of a container.

36. The method of claim 35, wherein the placing includes placing the
conducting plane on an inside surface of the container, thereby at least partially

shielding the antenna structure from effects of contents of the container.
37. The method of claim 35, wherein the placing includes placing the

antenna structure and the conducting plane on opposite sides of an overlapping

portion of the container.
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