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RADI O FREQUENCY | DENTI FI CATI ONTAGS FOR USE ON METAL OR

OTHER CONDUCTI VE OBJECTS TECHNI CAL FI ELD The present
wonvenkeon rel ates to radi o frequency identifi eariusmos/016796

("RFID') tags that are useful on netal or other

conductive objects and to md&t-hods for manufacturing

the sane. The present invention relates nore

particularly to a radio frequency identification tag,

i ncluding: a substrate including a first major surface

and a second maj or surface opposite the first major

surface; a radio frequency identification antenna

attached to the first rra or
RADIQ BBEQIEENGY BYENTIF %wi@ﬁﬁ%@@@%ﬁ!ﬁ MgrgL or
first conpositeOEYER CONDUREIKD GELES| NvENTI ON

Vari ous nethods have been devel oped to hel p reduce or

TEEHNICAMFELDX er f er ence problens when a radio frequency

conbhiceTFat BEpR reltfetio S FRaREt el RE 3 e tha
are %efﬁfe@fﬁeﬁﬂnr@ﬁ cohHudtﬁle RORRtstng tb etlds Rirlibhridageing the

prop readt e D tag, despite its |ocation ne/{L
sante0 "EHeqarexgnduwntm rolla}ee more praieplads tof ragie Fegrapgy ifsngHeation

| d h | b
tagpesioRs f SO TR SIS PRt AR SRR sirface
opﬂ(-)@f?@{he%é’t MAbIQEILO a fabi 1% dﬁ@lﬂ&ﬂlfﬁb’&meaﬁteﬂnamched to the

Publ i cati on WD 03/ 067512 (Surkau) "Tr der Labe
ﬁrs‘t maj sutf@e abahe sukstrate; egmg}tegg@ect epg:hlp %) tot e antenna, and a first
rlF?ont aci ng- Type Information Storing Device. In
COI’%‘H’? there are commercially avail abl e spacer
materials for use in RFID tags to hel p reduce or
el i mnate |nterferen e probl ens. For exanple, one type
KGRV OFf THE LD oY nateri al is broadband
abs At BPclRafmRek infrference
Ran oﬁgﬁwssm%ke er %te R L D e

probidims M\ﬁl’iaﬁl‘d memybxddnmlom(“Rﬁi@”bwgs@moxmvém pgjacent a
provi des a

f d f
oo B2 5508, SR FRETAERSY, LR FEBE LR s

an R@‘?lj? Wl RBtoFprbpdrBt reﬂ@ﬂrféVRHWﬁaQF&s@MtsﬂloSeﬁm%xﬂw the conductive
surface opposite the first major surface; a rad

obfecte qirenplesdénudi nethodunare sirclosedindbe fllwnng Bublfzatipps ap patent:
PC%u%hcatl ; f%eOﬁIBd(ﬁ% (%g&%lﬁﬁl&) e‘Tr%pr&e‘f‘@ Bliefld Method for the

Production Thereof;” PCT Publication WO 03/067512 (Surkau), “Transponder Label;”
and U.S. Pat. No. 6,371,380 (Tanimura), “Non-Contacing-Type Information Storing

Device. In addition, there are commercially available spacer materials for use in RFID
tags to help reduce or eliminate interference problems. For example, one type of
commercially available material is broadband absorbers available from Emerson &

Cuming based in Randolph, MA under the trade name ECCOSORB.

SUMMARY OF THE INVENTION

One embodiment of the present invention provides a radio frequency identification

RFID tag. In this embodiment, the RFID tag comprises: a substrate including a first major

surface and a second major surface opposite the first major surface; a radio frequency
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circuit attached to the antenna; and a first conposite
| ayer including a first nmajor surface and a second
woapwrizeaof ace opposite the first nmjor surfaceCT/US2006/016796
wherein the first conposite |ayer is attached to the
second maj or surface of the-Zubstrate, wherein the
first conposite |layer conprises: binder; and a
iderﬁ t%ﬂ 51%4% l{* fidd 18 YR B {n%i% @l?fféé:'e%@ﬁ[egs%gstkﬁe ta|ii€in‘tegrated
a ere es conprising two
circah @tthch]:& (6 t}ayaatenpa,l and a feratcﬂmmmym layer mcladmgraa ﬁﬁiSWQaJ op parface

crystalllnef netic tal la dj n
and i Sp @Ak TIOT PURIASH ORROYIS T @ﬁgmﬁw é?l)f?%?r plete B e frg R igBsite
{ AehéCofitBE flbstratewheraitcthe first it
layég ?&Jgtﬁé@g) ggz{ogah%nﬁ%g her enbodi mgrft of %he p? elésecorrlpOSI ©

layermmptlsm bindensiadé s phuratisy lo mubtﬂlam%ﬂaléqsmmgseé iy fgibander, the

muléﬁpa%&q%ﬂ@cpls g?erﬁtgrll%}éé: ﬁ% d% ab ﬂﬂggs}%r %95 ea@h gklspalr comprising:

one%?éfélﬁh@ﬂzr@nﬁfghéﬁd abR] kst adjatang t(ﬂdiheétﬁéledi’tna 12@1&1 wlherem the layer
| east one surface of the substrate atta docr
paiisriowa p ataeki of alicrnatingtferromagneiic arial a5 oM yic fayesy
t e | I
< eg% Jnal?gls 0 Fl}@ g)g éﬁ{e r@&n? rﬁv‘eﬁ%&n LFFBMQIES ﬁg{eg@agog ‘r'i‘l‘i‘eglggacturmg
a radlefr&quenéRichiificdtion Q‘ﬂmis) ’t) agl ay ehis embadltrwot;e}da methofh eomprises
second mmj or surface of the substrate, ther e

the pieps pf: @gﬁ@%gtaesu Hipds ngg gntegpqq%? %aneasurPace of the
subg ré{é a‘itfa%l%ﬁﬁgf n}}ﬁ%ﬂa e@%ﬁﬁﬁgtcf ‘Jh@ keRnel; %P(Wiélﬁg a'fﬁsttd@ﬁlposﬂe layer

"ayered flakes conrprisi ng two
inchikdingta fiG0mhjy surfpeiand a seecid mayles’urbae ﬂp}lmrfp thesfﬁlﬁ’gmaJ@h gurface,

Whiiel) B £ Eomagale ey R TEe e ey b Hiffs dftuf Algoce

binpgsifeahy @ RBAPALIsE bivatahnd 8R4t @ﬁmultllayered flakes
Whgfe rfﬂh%{?i?é;?? gyselrs j;and gttaschl ng the ?I rstgcorrp05| te

disparyestinttie bméers th@gnmlataéer@é plokes @mm@lwmﬁ@ bad 00 layer pairs,
t ed t
eao%xﬁ%y &’gg gﬂ‘?‘%i“%glrﬂr}e S At s\}\ﬁ:ﬁl?%mo' Set ﬁer ex p-'l;g!!::r a@?{%ﬁt{\éﬁ ne

dieleRfrBY 18 ewhé&reintBle edofrh gutaek of ulbenaing ferrkmagnetlc metal
structure is referred to b¥ li ke numsra% thr out
layensand diebediic layespsandzataching His st eqmgposee YF"stoé STpew

opl%osngkﬁeyafﬁlte%?lg a{x{f:fﬂt%, %t@@&ﬁ‘&ﬁf:y i dentification ("RFID")

nown lgure 2 is a schematic view of
i nteractions between the RFID tag of Figure 1 and a
RFI D reader;

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further explained with reference to the appended

Figures, wherein like structure is referred to by like numerals throughout the several

views, and wherein:

Figure 1 is a top view of a typical radio frequency identification (“RFID”) tag
known in the art;

Figure 2 is a schematic view of interactions between the RFID tag of Figure 1 and
a RFID reader;

Figure 3 illustrates the interaction between the RFID tag of Figure 1 and a

conductive object;
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Figure 3 illustrates the interaction between the RFID

tag of Figure 1 and a conductive object;Figure 4
wokbessiezbes the interaction between the RFID pag/useme/016796

conductive object of Figure 3 and prior art spacers;

Figure 5 is a side view of gne enbodi nent of the RFID

t?g of the present invention; Figure 6 is a side view

o] t |

of JAAHS SRRl A8, B KD W lagoRRRTRC et of
F1g15;rel3ldndqjhroahttrsgao,e$; anot her enbodi nent of the RFID tag

of the present invention; Figure 8 is a view simlar

t 0 Ribgre\sl 18W siife Vidvg Uf Bne/ erhbddimtmtats itigREHD tdgenf the present

enbodi ment of the RFID tag of the present invention;
invepti@nFi gure 9 is a view simlar to the view of Fi gure 7

illustrating JWL anot her enbodi nent of the RFIP

t heFigueseint sidevnden o6 anotiE prhofment st theit IBNagp ﬁ*ﬁ@resem
lnvI NVENTION | . RFID Tags and Readers. This section

YO8 i bes typical radio frequency identification

(II I D

o 3% g TR 2 RSSO Bl ociment o
the[l@?ﬁttoébpﬁéb%%eﬁt ifNdnHon; tag 10. The RFID tag 10

i ncludes a substrate 12 havi ng a first major surface

14 g R0 BNiAE 7 ARuRPPARE Rirgfi@oftier Siabodiment
naj o sur ace&?i Pre erakl)ly th%usubstrat:egrlhglol s a oamen

of the BFiDltas sfiths preatme inwmtibn;tandt it could be used in a
| abel that may be wrapped around an object. The
f | eRightesd BUbEEW 1rgildk20 drulicl bAVEusnd ugjstratﬁr@oreb ahothsr t o
conformto a_vari etfytgof surfaces and bend easily

embeugat GBeBELD et Ry BT AR ubst rate 12 i s
preferably in the range of 25-100 microns in
thi ckness, and is made of a flexible material, such as
pol yester, polyethyl ene napht hanate, polyim de
WTMM{}ENTIO&M ble materials
ent tQ ose skilled in the art. An RFID el enent
L lglgﬁf‘l‘;{"rm\,..c Re,a Bhe first maj or surface 14 of the

substrate 12, The RFI.D. el nt t L ;
ShiseriisBianioes arpirFuGr Baunty g e P ) Wl and
readers, as are well known in the art. Figure 1 illustrates a typical radio frequency

identification (“RFID”) tag 10. The RFID tag 10 includes a substrate 12 having a first

3

major surface 14 and a second major surface 16 opposite the first major surface 14.
Preferably the substrate 12 is a flexible substrate, such that it could be used in a label that
may be wrapped around an object. The flexible substrate 12 could have enough flexibility
to conform to a variety of surfaces and bend easily around objects. For example, the
substrate 12 is preferably in the range of 25-100 microns in thickness, and is made of a
flexible material, such as polyester, polyethylene naphthanate, polyimide, polypropylene,

paper, or other flexible materials apparent to those skilled in the art.

An RFID element is attached to the first major surface 14 of the substrate 12. The
RFID element typically includes two major components: an integrated circuit 20 and an
antenna 18. The integrated circuit 20 provides the primary identification function. It
includes software and circuitry to permanently store the tag identification and other

desirable information, interpret and process commands received from the interrogation
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antenna 18. The integrated circuit 20 provides the
primary identification function. It includes software
wanwet4wui try to pernmanently store the tag PCT/US2006/016796
identification and other desirable information,
I nterpret and process commands received fromthe
i nterrogationhardware, respond to requests for
haljﬁlGJfagJ E@ébrﬁptokw%ﬁe]@fs ﬂnnfn gtheqﬁﬂtn%é%)g tanli BSsist the hardware
ardiware i n resol ving co |ct resulting from
in mskbltzingloenﬂmg;sremﬂ'smﬁdmngulnplel tagseespogdingda interrogation
SIrTU|t ona the integra circuit, my
s e S R
fﬂl i‘?x?n H%Ofoiﬁ s{orr&ﬁﬁi/ W hiBd ea‘él%‘i’t%}eéjs dpokedsto 6 aeHdNE thb enformation

rmati on out re gg Integrated circuits
ou‘s(ma:etd&mll}é ﬁmpgnatﬁé mmum:suiia der use in R@HD@@SthQ@lude those available

ooy B AP S PSRN S BBl o

TR Philips %n(théir Ilﬁk?—‘d) '?rbdlﬂﬁs @idepRA1HIE Hambs BCOINE, NMIFARE and
nanmes |- ARE and H TAG, anong ot hers. The

Hlﬁﬁ@nﬁé@l@%@émtry and properties depend on the
desired operating frequency of the RFID tag 20. For
exaffbk entematsl vetormatryandDrapertiqariependaepsthe glesiend aperating frequency

of J¥YITD P bl S ol B AR AP e ORI, Pt Rty
indigfe asleiblE ahteniR sl 200 Hikbanaipblt dnyping af h Yoldskdipokpinteaha. A
or coil antenna 18, as shown in Figure 1. However

13é§MHzé¢nsemﬂ@r) REIDgees | deuldipmisalboiseicpiakes Qoplcaptdga 18, as

t he n t t;
L e T s
In &idhsi Case, SiGhteARa | B ént&Ees thRaddio fﬁﬂueﬂdylmelrgatrediated by an

h [ .
in PP PR A9ECTHE Pl S Pash ) TBRBRGY o raeal B Fiews 2
(RgiF feIRcé Bdr QQIlﬁﬁpétﬂéssthé faglf@frecﬁﬂﬁé}gé’n&gy £l ESy ﬁ&@tﬁFID reader

and conman The"ant enna ‘enab
60t) h"éthErgndﬁneml G?maaharb@th pmw;eraibé oolmEnds ‘g))/ths e i Hmantenna

th t t t 20 dt b
PR L S R Y B
01r91fut b enPhLRBY %rcmﬁé the @eiﬁ@ﬁé‘eﬁ@ Gedotetieg. TUES, €8 ¢Haratkdristics of the
i s I ncor por at ed he case of tags operating in

antehlea isgboNbched (0Hke 3yaingein whieh ms,tncpvmmcbnm the Gase of tags

opgrr'cl é%a fqt @8 lhsgiqr}g{-l:%s[%m-gz r&n% 31 e a grtallrg%ﬁér%@e{l t(ljc 1%% antenna

ledgitat Tygicdlly, tle@BRctive lengialof a\dﬁjbﬁbd zﬁﬂ@‘tda ioselooséd sopthet 1h1$| cﬂose to a
wavel ength of the interrogation si In.th

half ayrclsphr PrrdLIA beRevaVERED Obfhs 1WA OEATDET 3 e case of tags
opQ{Hﬁn%Cr{ | ca&%}gﬁ% MU glo (0855 MY &b &%gﬁ)ll RERPOR hhiP

0 Siz i'mtations, ort ant
Waﬁ'hlahgﬂhtaﬁfehlﬁﬁ Isdmpeactical due to size llmltatlons the important characteristics are

antenna inductance and the number of turns on the antenna coil. Typically, metals such as
copper or aluminum would be used, but other conductors, including printed inks, are also
acceptable. It is also important that the input impedance of the selected integrated circuit
match the impedance of the antenna for maximum energy transfer. Additional information
about antennas is known to those of ordinary skill in the art, for example, in reference

texts such as RFID Handbook, Radio-Frequency Identification Fundamentals and
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ant enna i nductance and the nunber of turns on the

antenna coil. Typically, netals such as copper or
walowsinwerwoul d be used, but ot her conductors, PCT/US2006/016796

including printed inks, are also acceptable. It is

al so inportant that the inpw i npedance of the

sel ected integrated circuit match the inpedance of the

Appﬁﬁét%lﬁai ? gr Fa S fgy@%hﬁ "\Rﬁ%}'f&rSOnf‘ﬂfH Uh?dih@éter West Sussex,

aﬁtennas I's owmn to those of
Engldrdh.nary skill |n the art, for exanple in reference

t ext h
B kg0 e R EESHSRE g oD o 0.
The\;égggc‘? 76b! Shen Eﬂr@&%’ R ¥ deBMtin® fRQREndy o, theCﬁgQ@ epheicular

ussex, England). A capacitor 22 i's often
valuen élrhnsjrsdieslmblmfnr ethmglmapEWm; pherAdRs wnge prd iEping %&jﬂpllaﬂce

The capacito
Wit Fghlat N e BB ey Po e aeao Y ey tsARERatiP Sompgpen or
1nteHHte°d info e shtcaRd £8.f or obt ai ni ng maxi mum oper ati ng
range and insuring conpliance with regulatory

r eqnh REFBNEster gpﬁt&ﬁ‘)%ﬁﬁ)k 601is fﬂiﬁ&‘m@ﬂlda ilhigrateddh Fogeé 2. The

conmponent, or integrated into the antenna 18. An RFID
RFIerdder aﬁnnchuﬂmam@afﬂbreaw antenge henRELLR s¢adgrsiq0 aye trelkagwn in

the lagaggg lejpgﬁ%q 'ﬁr?gn%ﬁerm 6\@@@& S D.I%&Ilelllg fre a?ﬁﬂ@fé Rom 3M

Co&Eﬁlﬁa{sed 08¢, P#AR!tBe 360 1€a'1 Ehﬂré{ryaﬁls%iskaihb b@mBEH:ll}lumbers 702,
ers are available from npany based in St

7039802, and S08 hAndiHiet ﬁz)anlmlg of abommbrca‘rﬂky a«gﬁa@@ RHID zeadep e model

e NSRS 0 RO DTS B

avalﬂ%ﬂe%Mn?hl?@&r@c(T*ébﬁ)ol&iﬁa@@brpafamﬁhmrm WA. | ntermec(tm

00 Series Mobile conputer available fromlnternec

TeC RWD sFhemREARctieagesupled
60 gﬁgkgg?%édggéqg{%%p?nﬁgg?%ﬁg@st emsirl nguct [ \?ell getuple

RFHD wytes ﬁEIb@sesiym reas figldenignstid couplingdetwaeg|the Wﬁ@lﬁ@tlp%p of the

oupl | n tween t h t
oSSR R R 00 A8l R B S5l
Ra@i%qq&ﬂleﬁgv {Rnfffitdd JnmmbaakntalRadd Qmﬁhéﬁﬁli@ﬁmdzy K. Finkenzeller, (1999

Identitication Fundanental s and Appl | at| b
Johei Wiey ZeSonsrLtd( Glagleestrsh ety Jussexe Englaa )mpd f{‘l@?{@ﬁ RFID

Sys eglésF %{\? é%ﬁ%ge{l))k Eq%vﬁﬁgbn@@f se9dral @Mﬂfﬁ% (Qlfanﬁ%kfgeﬁ%ceh%ﬁﬁance

one Several ‘cormunicati on
staAdd$ YBieedis Resib® betewde pﬁh@pﬂ‘@ﬂﬁtﬁed JinBFHD sysiems operhidgoay 13.56

is principally based on RFLD sys era
MPE3 GbIRKEHcoHiAn OEE S BUBSH G LRIPGHERE o HARCH Pl gperating
ﬁe&@e%{ £d RFID systenms at other operating

IL. Interference Problems When RFID Tags are in Close Proximity with Conductive

Objects.

This section describes the typical interactions between RFID tags and RFID
readers, and the interference problems typically encountered when RFID tags are in close
proximity to conductive objects. Figure 2 illustrates the RFID reader 60 interrogating an
RFID tag 10 that is not located close to a conductive object. Figure 3 illustrates the

interrogation of an RFID tag 10 in close proximity to a conductive object 24. Examples of
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frequencies. II. Interference Problenms Wien RFID Tags

are in Close Proximty with Conductive Qbjects. This
weeatsiie#70escri bes the typical interactions bePGERIS2006/016796

RFI D tags and RFID readers, and the interference

probl ens typically encounterted when RFID tags are in

clllléose proximty to conductive objects. Figure 2

ts

e 2 S B O e Pt R,
cartmm;-febﬂr basddgomeposite)] buisquicifecs, ahaueitsdppiggalution inp beile). For

10 in clos mt
exaple meafcte® B ool PRLUE et SiBE REY hloCE, PRLEC)
111u&9cfﬂéﬁh8 iféromtish of ARMMIEDAkE 16 1rS¢lb§eI @ﬁﬁmt}( ®.the conductlve object
carbon-fi ber based conposite)

24 wifie puior a wpases yen dolacated betb’é?lt 1?17@)RF Boﬁag gQ&h‘% ﬂ@ coaductlve
OchC?quct ive object could include a netal airplane part
tool. Figure 4 illustrates the interrogation of the

obj & 1 Baigp e o 7 e BFIT spler b sBE MR P ge 10 and s

con@@c}u‘éﬁ&n PR #eRdéram pkOdirBsla tikR-weyidp eleciRabhjrent indhe RFID
[ustrated in Fi gure 2, the RFID reader 60

readentaatenog 48.e3he Heriguonoin elepiricnl swaenidnay heghe spgehbevarying

r eade ce
T %ﬁs“ﬁa%naxﬂ%gdﬁh@‘a‘&{gbﬁiéﬁ%wg
varlafiofd RGiniplRade, Elefui@ity, ifphasecoftthesiansotdd bgmrmafryquagcy
si nusoi dal carrier frequency, or the ya i ations

repegsentingaineodadcigitl datep dthe HinfavarEing QCHPFQ ?W%ﬁ’fq
ele%tForré %@ﬁé’ ﬁel(zir whlaS ?te?nﬁs fiSu eg%@ﬁé RFEAD ‘éht%ﬁnahIS The time-

represen enc ital data
varying&nagalew figx éireaglr the &F ID uanteana l 8) lrmiﬂlam Qlectromotlve force (EMF)

i SR el LSl L LSS AR, SRRl

mo%eh&é%édg El@@ttcﬁﬁi&eﬁﬂn%‘?"]@m@@ Sl‘ﬁﬁé‘r‘@ﬁ&N@fhaﬁieﬁEﬂ Fm,t (1869 Dover
orce (EMF) In the D antenna 18, according t

Pulﬂmaadmy NewL Mok pph ﬁ&@@t iToe induaed EMFsanpears ap B@@ffi:wvwﬂ@ced

| ectr t I
ol Ao e SeA AR LS, R ahny St o g
clas@fidation ﬂtﬁowﬁ%l . aﬂTdE%nl“ﬁﬂlu@ﬁ@Elﬁbﬁl;ﬂﬂbREIB spseral The induced
effective induced voltage across the two end t nal s
voltgze dnizeRFtimeamrang gleeicalrameat @;q}q dhq REID 1ntegrateg] circuit 20,

L

tagtliome- var yi ng eI ectrical current through the RFID

| nt%\%ated circuit 20,
en, as illustrated in Figlre 3, the RFID antenna 18 is not in free space, but is

adjacent to an item with finite electrical conductivity, such as a conductive object 24, the
EMF induced in the RFID transponder antenna is reduced, generally to a level at which
the tag is not able to respond. This occurs when situations such as that illustrated by
Figure 3 occur, i.e. when the plane of the RFID antenna 18 is substantially parallel with
and proximate to the surface of the conductive object 24. This might be the case if, for
example, the RFID tag 10 is attached to the conductive object 24 as a label to identify the

object. According to Faraday’s Law of Induction, eddy currents will be induced in the

conductive object, as discussed in more detail in Electromagnetism by John C. Slater and

Nathaniel H. Frank, , (1969 Dover Publications, New York) pp.78-80. According to
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thereby conpleting the RFID conmuni cation |link from
the RFID reader 60 to the RFID tag 10. Wen, as
woRkbossiezabed in Figure 3, the RFID antenna 18 PETMSR2006M16796
free space, but is adjacent to an itemwth finite
eIectricaI conductivity, such as a conductive object
the EMF induced in the RFID transponder antenna is

Lenrzeﬁdlya%? e ﬂéatré?feg'é (&f%/t}%é Oy dubnthits i vﬁe fo el &nnt Raghadt ﬂl%{ Rk the

’0 respon CCUI‘S n situations such as
condbétiveiobjaes tas disedssbajr irFingrer detal mammmmmmm

18 Il
efitiogy bRIS TR PRl e ERifaviey &
Soﬂ%q;t@ c@hlglfesteThW%st@L@@x Eﬁ%lhﬁtﬁ @S e THe reded %&ﬁﬂ‘@é@tlctﬂﬂ@ near

fag 10 is attachéd to the conductive object 24 as
the aohchioet/e obxectcremltlsmy ar¢raiceb Mt in the REHA irapsposdmanianay, s

co%%ﬁﬁt@ttflelgrsg B?sg d{lus%gge\ﬁdpf L&l S 1?%# L%e?lgl:f %g? I'Snwﬁg‘iﬁ free

spaBé.ect romagneti sm by John C. SI ater and Nat hani eI H.
Frank, , (1969 Dover Publications, New York) pp.78-80.

Ac Cﬁrtﬁlé REID RlaBBZ6BiskAsmitiie: Qﬁfneﬁfaf}fiﬁé cRbtrégpRed Yield, the

currents is to reduce the magnetic flux near the
RFHD tegich willeintsbgept this a@emasme extramagngtiefigldt 4isia gapsedyence of

Handbook. .Radi Fre angy is . '
the ﬁdﬁ&ﬁ% ﬂ@j Ef:lgg gﬂ@ceﬂt\gglr ohvse obbe%? %ﬁ a& E‘l@g ﬁéz) Lﬁldrlcéerd, in the RFID
antéARIR ahdhn iNMdcey el%c@ﬁﬁlscdﬁedt mﬁmﬂa@mﬁtﬂ@&‘ RFM® siftedsaied eitcuit 20, as
Engl and) p.64. The reduced net, magnetic fl ux ne

he
deseri ve.e Thopleetricpleyiientciraylaging g thedt IRVee il A WlﬁéﬂéﬂﬁF pn eddy

n
oo IEBR Gl N0 SR OREYEE00, EREIALIEATE gttt
curkéht ﬁé}%ﬁd§ﬁﬂm ol ﬁaetahmummleoeadmgnﬁa dnergyrraaching theregnductive
time-varying electrorm neti.c field, the

FILD taq.1
subrRte. Khibe PR Dl FlecHTPAEISUS AoRg et gifeditide of the
indub& ééidxt%ﬁ Eré(iﬁ Wéﬂﬁ%ﬂ@tﬁ/&fb‘]éch@lllﬁﬁx'c)@oftﬁﬁat%ﬂ/ bRidage.

adj] ace conductive object 24, "'an EMF’i s induced

in Lr

0 05 T R P08k o R\ NG AR 4 n i
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If the RFID tag 10 is proximate or adjacent to the conductive object 24, the magnetic
fields generated by each conductor segment will induce a counter-circulating eddy current
in the conductive object 24, as illustrated by the clockwise arrow. The strength of the
induced eddy current depends on the amount of magnetic field energy coupled into the
conductive substrate. If the RFID tag 10 is attached to the conductive object 10, for
example by a thin layer of adhesive, the energy coupled from the RFID tag 10 to the
conductive object 24 will be large and the induced eddy current will be correspondingly

large. If the eddy current is similar in magnitude to the RFID tag 10 current, but opposite
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If the antenna 18 of the RFID tag 10 is a rectilinear

antenna, as illustrated in Figure 4, then the
woanuesons t hat conprise the antenna 18 are PCT/US2006/016796
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Magnetic Technologies Corporation, Rochester, NY, p. 30-1, February 2003 Rev. B.)

Figure 4 illustrates an example of these prior art methods. As illustrated in Figure
4, the RFID tag 10 is electromagnetically decoupled from the surface of the conductive
object 24. A ferrite shield 66 is placed between the RFID antenna 18 and the conductive
object surface 24. The RFID tag 10 may be attached to an electromagnetic ferrite shield
66, which may in turn be attached to the surface of the conductive object 24. The ferrite
shield 66 will minimize the occurrence of eddy currents induced in the conductive object

24 and the consequent reduction of induced EMF in the RFID antenna 18, as illustrated
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(Tani mura), "Non-Contacing-Type Information Storing

Devi ce. WD 03/030093 describes a shielding |ayer that
woaasosf1es270t e particl es enbedded therein. WO 03P0BTS20R/016796

al so describes a shielding filmthat has ferrite

particles enbedded therein. -errite particles are

i norgani c conpounds containing iron in one of its

grag]‘m:éd & angﬁlg%t 1R %ﬂi& Aofs &%%?e"&)roﬁﬁ@ﬁ@tfé%ﬁ%e bauIAck 6k hbt

ot her chemcal elenents.” Typically, the
eleétﬁcallﬁ cmnrlactivec,‘ bees vall aowupbont eddyncurrampsogithe presence of a time-

t hr oughout _t art honbgeno or. exa
vary g e oo bRaRIForSs IRETE ZRECTND QU SIrdTt s R ey load
the%f%ma 9% ahdficRALS it§in§uctbiac% to Kedh a Mgre@thaﬂtlhe 280nant frequency of
descri bes using a magneti sm absor bi ng ﬁlate f or med John

thechde tgehol vgl ne@d tothsirgdivsied: (Klaws Eenkienzal

kSR R e A . 4
ferﬁféﬁ’ ‘isotl‘lé H@h@l%t@&%ésfsﬂ@%%%tﬁé Biden BTl xanﬂmﬁﬁ sohparedito metallic
(See for exanpl e Sof netics Application CGuide

resmubity ghibd rimgeAf Aol 1) SI\llaglrvel(D ¢ Qe Meohusgiof theGoirinsicdiighresistivity

hest b 003 Reyv
of ?r‘ftpﬁia?g?rﬁa& g Ringils e a0t T Ren® Bprsiieyy Tt ot BhéRrey in
curtehtsSt ARb & Otifel HbLarf mettHd@s WabPRFAY trhfspodders wound on

| ectromagnetical ly decoupled fromthe surface of the
fernwmwmstand@n@aﬁpém plastic desigaed formarkipels andmetad gpt betdes. (Klaus

ol LRI G310, S e

! f hi el d
b ei)@e@?ﬁ%ode to RS G ek At et g SR partictes
or 31‘ﬁer 1?&?-b£&ﬂr1’nﬁgneﬁe ﬁo@ﬂtféuﬁ@s‘%ﬂl}edd@dﬁh@h@lﬁslﬁ&l@s ckal fedncEor
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ec ric resistivity, on the order of

TR0 A L ey
impRSie Sﬁau\/tbﬁancefand splacemenesenideal $t is @l:td)ps@iltha‘qmssvaR@ID tags be
attgccflted ?o I‘e%’(l:(‘):V% e%%gts %g rrllgv%?gtgmfllg R%PS 1a|1b%fssm%f coitain %yformatlon stored
on the integrated chip related to the part it is attached to, for example, part and serial
numbers, manufacturer codes, country of origin, date of installation and maintenance, and
inspection information. This information can be particularly useful in the maintenance of
the airplanes because the service history of the part is stored on the RFID label as it goes
through different stages of its life cycle. However, most of the airplane parts tend to

include metal, and often the RFID tag or label will be attached to the part giving rise to
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eddy currents is also low Oher prior art nethods
teach RFID transponders wound on ferrite cores and
wenoewsied7on pl astic designed to mark tool s andPaet&aR006/016796
gas bottles. (Kl aus Finkenzeller, RFID Handbook. John
Wley & Son, Ltd., Chichestdf-(1999), pp. 16-17.) One
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stored on the integrated chip related to the part it
I's ahbehesutien tabight ie xl&rmioe artpahtlpaedics ehd mkerfeverive psgblems is

manuf act urer codes, untry of
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subpstrots| céfige clinduciieatbiet 8¢.c Acgerdinigde theseayaorpreierenged belore
RFID tags or |abels are in close proximty to a
conductive object, such asH=neFalmy,irpl ane part,
there tends to be interference problens, as described

whR el i stAh& rebétRerihib RFTD adRiinavi § hndthe uﬁbdﬁat’e dfthe conductive
successfully read the RFID tag, Therefore, ége is a

objeeledtt isonqeased.dbe magreticriicld ity %@ICOWDSH@ reduggdcat the
r el.,m nat.e
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adjacent the conductive object 24. However, again, the disadvantage of this approach is

the additional thickness that is required by the polymer film, foam tape or other similar
materials to put adequate distance between the RFID tag and the conductive object to help
reduce or eliminate the interference problems. The examples illustrate the typical

thicknesses of nonconductive, nonmagnetic, dielectric physical spacers, such as foam core,
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relatively little mass to the overall RFID label. In

addi tion, because airplane parts tend to fit together
wohkoesaky2700 hel p stream i ne the design of the BCTpiS206/016796

there is also a need to provide an RFID tag or | abel

that is relatively thin. Thgjexanples illustrate the

typi cal mass and areal consistency density of one

exa s : : :
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Randol ph, Ma, which is required to successfully read

an RFID tag with an RFID reader. Another sol ution
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conduct:i. G
co iR 20 Al B RGNS, QoG REREID A 20 mey b
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i ' CARIAMEL U aY1dRAGRdMdN an
su%%ﬁ%lrﬁie&gg é&,}r@%ﬁ%&g@%&ﬁ%ﬁ& t he Present |nvention.

trafdpertRidrDydhide pérts. He Fogurs Snthe iseoped daysn ofiadhegiog 40 aperposite from

the%%t%[gfa?eraecirsc?nt Ooafndtaplt%nna 18 on the first major surface 14 of the substrate 12.

However, in another embodiment, the integrated circuit 18 and antenna 20 could be on the
second major surface 16 of the substrate 12 and in contact with the second layer of
adhesive. The RFID tag 30 may also optionally include a liner (not shown) on the first
layer of adhesive 38. Suitable liner materials include polyethylene and silicon coated
papers. The RFID tag 30 includes the RFID tag 10, which is described in more detail in
reference to Figure 1. The RFID tag 10 is attached to a first spacer layer 32, preferably by
a second layer of adhesive 40. However, the RFID tag 10 may be attached to the first
spacer layer 32 by any known means in the art of attaching item to objects. The first

spacer layer 32 has a first major surface 34 and a second major surface 36 opposite the
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di sadvantages illustrated above in section Il. The

RFID tag of the present invention includes a conposite
woOaywri2eziat reduces the magnetic field energy eoupiSe®6/016796

to the conductive object fromthe RFID tag. The

conposite layer of this inverg-ion is relatively thin

conpared to prior physical spacer |ayers with
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conductive object 24. The conductive object 24 may be
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racks,. and other ai | and an sea transpor.tatjo
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Pr&RBEI, UR A1 densApRId @nifosiit fher It @ptvlea®. 0N QM 0. 128n/mm”.
and antenna 18 on the first mpjor surface 14 gf the
{

Meya ipseferably, iz ar¢abdensity is betwaen®.A805 andhd8P gavmm’t ewever, the
i nt t ed CiCuit , th
colp BRI ety POl B Ru BE ARG G, [
tact with th . layer of adhesivye. The RFID
A T R
AlRBndiRglyf b Rz;sﬂiet%r By BslyRkrsa# R SinNG bhds Sl Ah&mnldphsfic polymers,

mat er i al’s i ncl ude pol yet hyl'ene and silicon coated
thquappplastic atasorrgrs indaheraarlly metivaledson drselrmiqD quagpalgmers may be

oo SR BRI L LA RSB acnsve.

In S$1A€ embbdihts3the RFIBDfteg abinayhyt feqaize addltibm eiyeas of adhesive 38
adhesi ve 40. However RFI D taﬁ’;?lo may be attac

the RF hed
and 40+ Frsteerly tbe REades 3¢ mpsenbyingpde hy RETRVAS 8 dgseribrd fipigference
o it 3! 250 ALER LRAOR B S e RS B
flakey dispessedfinde 18¢crof pdisistve. t hefi rst maj or surface 34.
The second | ayer of adhesive 40 is in contact with the

secand niEjiRyersd fhkeecath cohplideant $eabsdredhger bairofach ayer pair
corﬁglvig)infg %%e ’%h(i)n %?rg cgyr;teallfilimer fsegrorrrrlgjgr?erticsrgétglalg}?er S;ﬁj aggnt to one thin film
dielectric layer. In the case of flakes having two or more layer pairs, the layer pairs form a
stack of alternating ferromagnetic metal layers and dielectric layers. Typically, a
dielectric layer comprises both of the outermost layers of the stack. The flakes are
randomly dispersed in the binder, although the flakes are preferably oriented so that the
plane of the thin film layers is substantially parallel to the plane of the material.

The flakes have a maximum major dimension in the plane of the thin film layers,

which is preferably in the range from about 25 to about 6000 um. The flake sizes of a
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the first spacer |ayer 32. The first |ayer of adhesive

38 is in contact with the second major surface 36 of
woheosf 12450 spacer |ayer 32 and the surface of PO®US2006/016796

conductive object 24. The first spacer layer 32 is a

conposite |layer, which inclddes m crostructured

particles dispersed in a binder. Preferably, the
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ferr@ﬁylga@t@a]ne@bhg@lis yeagily Ak rémiuaﬁlc %8 a;r G ded pur pose.
e ﬁéﬁ\ﬂﬁi}& o?fla 511'15‘51c ifi'e E@djﬂ?ierlg gfefér%bleloit Y&y lagdenored

its co nmers. terna vari éty of pol ymers
prefdraljle Iuy ﬂ‘ierraﬂigeefmiﬁ 2g0iabowd 00.h Elaﬂmmhmmg ﬁomdl()ytnﬁ pdayer pairs are
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moggpgfegiedt ed cure pol ymers may be used as bi nder

material. The binder may alsq be a ric or
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sudhrasrCrf MorrC@rgn;i@tb |a|sﬂxmgfe§rthmlhg/rf@mamsm i¢. alDEF erent

acent t ne t.hi,n fil
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cadl di€leétid Iser U B & inttherappafremafbotrh®td dtiont 100 mml ayers is
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The multilayered flakes are layers of two dissimilar materials. In one preferred
embodiment, the layers of the multilayered flakes are SiO2 and Ni(80):Fe(20)
(permalloy). In addition, the multilayered flakes are nonuniform throughout their depth,
being alternating thin films of insulator (SiO2) and magnetic metal (permalloy). The
metals of the permalloy are metallic, i.e., in an unoxidized state (0 valence). The metals
are not chemically bonded to the SiO2 nonmagnetic spacer layer. In contrast, to the prior
art ferrite particles are chemically homogenous and physically uniform throughout the

interior of the particle.
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The fl akes have a maxi mum maj or di nension in the plane
of the thin filmlayers, which is preferably in the
woamga2i27om about 25 to about 6000 mm The f| aReTRISZ®S/016796
of aplurality of flakes generally occur in a
di stribution extendi ng fromldhae maxi mum maj or
di nension to substantially zero. The size distribution
Of "rﬁ@ﬂ&k&'&ﬁ%% o PfiksiGRstihe bgicR0PERS A &a@%efénbﬁl ti
di sperse th I n ?he }gllﬁdeﬁfé’sTh% thlcckness of Agnete
mefdl akdgielectre. layarhef dhie rdemmdonatgealp endisulstrate using nkngyymihén film
hi e chas sui t
desitiopdenidtniieT s fieeHon YRy eapp BUGF: b PliRgrdtion, sputterng,
or pIBIEK NE et Red RRINTAUsEBNR It Weal sVBNE hiddh inSa donRemtRinkly
rom1l:6 to 1:1000, indicating a flake that_is
desigsiedtvpguiny sysiiem éndornasating ayAgpem CPRIPSLIplEHTed dme@ﬁrsen&ly, as
i16 of § ok
o RARENT S PR Nper DS Rl IE BB Bl T by ff Bfarhile o
polyirmidepd pdl?m?draorl aZI&ilyalBﬁn Hné mpmfmatblpﬁn thayferm pﬁa ﬂsx1bh: web. It is
each flake is prefera I | east ., 2, Flrmre. .
belisved deaBragnsticatli 8“?1& ??%ngsﬂ%%@r ayei5 dugipg derosition by
\Agi Fhohid Rel £ i EHerdds ST diRdti b
apﬁ{lﬂl @% i EILEnetgitﬂclrneﬁfEll%("}{;\fgrs ofﬁn'pr|lseeamgg:sysfﬁ\d1 |r11c<)anmay ©
beﬁeé‘lcrad)lﬁngsnatelapph@ttmhs al | oy havi ng an intrinsic direct

current . per peahi | t f at

£ r ea etk impiad oy e hied SRberd T B Ly e
rerh V8 Hdn? thebst i & Aﬁ%ﬁfe@’tﬁ/%'ﬁéﬂé@oﬂ@ﬁ‘@%ﬁn&ﬁdésﬂﬁﬂsﬁmg the

greater cost to obtain and process. The all oy

sut;strefear@lbidya eorvyith the stapk fasingarviayifram ghedarrthe bargmvingsy
sl 5 s b R Bgact o

shdten mt@ﬂak&%aaidg(hysuit@mlsﬁs asragnreickds dddahfratiegt Otherwise, the stack
ferromagneti c netal ers.in the san%flake
is tb@mrbmks@ ingp ﬂﬁ@s‘é}wm q %%ed PRErEER pize by ayﬂé?t%m[l%c}’fé? gHding in

5 T, 55 L RGO e v

ﬂalaéslhﬂfe st&kroéattemytmga]lawrs aiay beainplosmlled onmesybstredd, u?_dech is the same
meri.c

SO T Bt 25 B LS T DSBS

the%ﬂr@kéﬁtlg‘cétﬂakgg nm The multilayered fl akes are | ayers
Issimlar materials. In one preferred

e nbd‘@u pmahtce tlndwﬁmtsmﬁecwwsltct, itlee fales atecthen éup¢rs%d<1@§h%b1@der

0 20 dd
wsigPepaerEdri e SrtfRbnon Foveh B Ppst o o
?%ﬂ(r%honbﬁﬂcﬂ ds akdpRr Ngbévegda EKHeﬂ afrbké@enéts lcﬁ?%tépaélﬁbally configured

and magnetic nmetal (pernmall . The
part by a method such as extrusion, pressing or moldlng The configuration may be

=00

3

chosen to suit a particular application.
The quantity of flakes dispersed in the composite is preferably about 0.1 to 10 %

by volume, and more preferably about 0.3 to 5 % by volume.

Efficient coupling of magnetic field energy to the multilayered flakes of the
composite layer 32 is achieved when the thickness of the ferromagnetic layer component
of the multilayered flakes is less than the skin depth of the electromagnetic field coupling
into the layer. The full thickness of each ferromagnetic layer component contributes to the

interaction with the magnetic field. The magnetic field is concentrated into the composite
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netals of the permalloy are netallic, i.e., in an

unoxi di zed state (0 valence). The nmetals are not
wohessiiead7by bonded to the Si Q2 nonnagneti ¢ sSpaer/US2006/016796

| ayer. In contrast, to the prior art ferrite particles

are chem cal ly honogenous am§ physically uniform

t hroughout the interior of the particle.The flakes may

o STyl S SRRRAL Bt Bl ackohonlé neati vy
redwtedi red naterials on a substrate using a known thin
fil mdeposition techni que, such as el ectron beam

eV ap Heafatiles driTRikepire emajoatlptlispersed (thet mectosmppicaverage of the

plating. A preferred nmethod uses el ectron bea . .
relative pugacticarernprbalityoh 08 Hci SpAcr ﬂ%yeag%rsgt %ap%}@ﬁ%f{ﬁﬂr%ﬁé’ﬁm

I ncor.por at i a Vv ' - dr. o
oL P YL PR g
tensbi ‘Etij;?é’f*%ﬁé Frdr8stiRYurb® partioles, axleinbgetha widi thie néldeve magnetic

pol yester, or a polyolefin, and is preferably in the
perfneabilityfofahd biastériplve I miptosirecteyet Patistpstor mult}{layered flakes are

or R R 87 LG, DSl G MUBARE b R e omposic
lay&r ! fay Be bt SRMcAGd b lareiblited Beeragen séthwedigltinpefattorsn

may be beneficial for some applications, After a st %k
acco?ntprfchu&ae glegmv o grdtehf,n the §pmBeRiigiasE P2 of Of HgUEOSE Hgt e

st ack..may .be renpv . . ' i
B T e T

perfleQbiNE) |2 oP@E nitiddtridieredipanicldsasiopgesantay by naoalihemizr, and this
the bar having a sufficiently small radius such that,
takémh®gsthexciithl eanigretie perrashilith g efithe bindeewillrppmbipg tgcgive a
may shatter into flakes havi a_sui t.abl i ze.as
magioRapIG s 4hse BEREHS Ry moR i acsrap R du FEffelibe
b0 , . . .
en e B O L R e
theaiolappinegprdl af eeypredued -Bcr een. | n anot her nethod for
meki ng flakes, the stack of alternating layers may be
deposi t ed gRgis YRR &Rk £ whivei H.B dvhe salhgIAgy or
c?npatlblelmnth the binder to be used and the entire
st a includin J )il ) i
71 aibs megg R sheley 2RI En o LRRReRe RERES? P Rmparison
to A6 ndohetit SHesdeineeiimilinly Bigndasiodet norsnagpetic sprcerbich as Fome-
met hod such as bl ending. The m xture js t &l after :
Cot B maitgrialineudeddanihe Bxamplro Ry eﬁ%@ablsteab@g, 0 fheVELagg relative

a sheet A , i i i .
o B A, Tt s
to EBFRe A magRtie TRfd @lerdt drdrediiy theamount of energy coupled to the

conductive substrate. This results in reduced eddy current induction in the conductive

surface, resulting in turn in higher signal returned to the RFID reader.

One example of suitable composite layer 32 is taught in U.S. Pat. 5,925,455,
“Electromagentic-Power-Absorbing Composite Comprising a Crystalline Ferromagnetic
Layer and a Dielectic Layer, Each Having a Specified Thickness,” (Bruzzone et al.),
which is hereby incorporated by reference. Although the Bruzzone et al. reference teaches
that their composite layer is power-absorbing and used for applications to bond two

objects together by heating the composite using electromagnetic power and bonding the
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chosen to suit a particular application. The quantity

of flakes dispersed in the conposite is preferably
wahost12&70 to 10 % by vol unme, and nore preferabCyuabwmanic79e

0.3to 5 %by volune. Efficient coupling of magnetic

field energy to the nultil ayes-ed fl akes of the

conposite layer 32 is achi eved when the thickness of

tw{; ngegtg QAR gg theand SYREIGD rmgg s ﬁaa{efsm%ufmgt iHea¥RIES of the

han t
pr&sblﬁanvamlmag theg dlsco‘vcmlddlemo upetxpnqed pmpetthae affdiated wilhéhe composrce

MPTRATE (= NN T C TN TR T —

reseiv@lior rhBR ﬂ’@%ﬁi@l‘iﬁy' igertifRhfon, SuSPACENS TR A 138OMEHE the
conposi tel ayer and the interacti on of the nagnetlc

cofpesite layer idoeseot @per@tmsmmwabmrbmg mienialpInsteagy e gomposite

o P SR 55 RE RIS, 308 R S ons

cof®icti®@bbiktt; Yuch®s @fmdtilﬂ)b?@ﬁ@ﬁis dlieyenig G RIHDtthg tcsiasucedssiully
and orientation_average of the severa nponent s of

readry o R¥ lbbcaghre n é%tl%éh%’gﬁ@ﬂ élsifé’FFFé;gWI the Jragagiicdled is
|
prévagrteﬁ{l%lh}; r b iftfa0iih Y wn'ﬁ%sﬁé‘[ayep ‘gf?lih rEéﬂh‘@{f rﬁa%ggt%cbﬁé d in the

ative nagnetic perneability o
conduyctivé ﬁuhstretenEdﬂyomrrentstane not 1p@luded:ﬂnethe conduiive s!ubytmtedmd the

akes are qriented o bi nd t hen
RETb Tty 8-oragHBtr 5 arh B iy U R Lo pBkHe b SFidgil ead of
tm§ﬁpﬂy&1quﬁgkpg@réﬁggesented by a wei ghted average,
melghtlng factors accounting for the degree of

or d O:llpst}ﬁéad 183’?@.9@ 6! fhe lmﬁrta% 30 nfaQ'o hBﬁalBﬁh@lﬁé@a @bver layer 50.

t he oW n ussion, assune a r I spersion
Ths@ovérdhyerl56 nnagfl ttdireetlyragavhtd © the sntesitaid 12 'c;ndv‘nrcahtdnhe 18, for
m cy ost { uct ur ed

| d
exRSeDY FERoR AHEHIACB o JECAER TS O FRdyERecElo The substrate
12R8A/TR aRehid 18 ISSba Birdt1RFer Rir ARSIV 48] a§@lﬂ?tk£€d fnq" 1?!11%56 & he cover

macroscopi ¢ rel ative magnetic perneablllty he
layzpa@end tlm;ddaye(rmﬁ)idheSiVn 48mhay hfa@@fultfhteat@n@ng th RFhtag 30to a

net i in t h ence h C 0S
cofgPoRe ofief 2 s e diialh SR RE A S o BB Bt By
exﬁﬁple“@ﬁﬂgﬁﬂ B%: o thd Batil @E&Yto\AFH TIMD tapBbido gy objeet. Suitable
magnetic field energy is increased in the conp03|t

myjteryeds fog ghq WVéthz&%Irﬁosléﬁlud%P@lbféSt?fé@ﬁ@tqr@a@iﬁér Hiterngtiyely, the cover
ol R T O AR ORE SRS hoey o
Con@fzing) basedin $tsSPafuUThe tover heyense magderpeinsddi orgatterned with
information, for example, a company logo, an advertisement, or information about the
object 24 to which the tag 30 is attached. The printed information may specifically
include a bar code or other symbolic representation to allow a visual or optical
confirmation of the information pertaining to the RFID tag 30. The cover layer may be
stapled or otherwise attached to any item. The cover layer may be wrapped around a
handle of luggage, for example, and then attached to itself to attach the RFID tag to the
luggage.

In another alternative embodiment, the RFID tag 30 may include multiple
composite layers. As illustrated in Figure 6, the RFID tag may include a second

composite layer 42, in addition to the first composite layer 32. However, the RFID tag 30
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magneti c perneability ns. The net effect of the
magneti cally perneabl e conposite layer is to confine
woheosrnagpieti c field energy and reduce the anbuRCTAKR2006/016796
energy coupled to the conductive substrate. This
results in reduced eddy curfignt induction in the
conductive surface, resulting in turn in higher signal
abbeuld be the
may{:lgl%fgtgg 3&5?1115&%1??5&?051 algf IS, ﬁ@%&gﬂ%ﬂﬁp&fltﬁ%ﬂeﬁ
samedr Giﬁ'dfréxmifgﬁm thedi@mmrposwdi)klgelb'i?g gvhiSdnip dssor @e@glmyie; ﬁoh g

I e e TERTE 6 LG P B on o
mulﬁ? ly@{ed)fhak\éﬂ ot 8 diFerBRHaRer 'n[b‘t‘&falp OTHé edohy corBpsite iper 42

e Bruzzone et al reference teaches t hfa
incluuties ﬁxst)majm' istfadeaifendiasepmianajabswast 4§ oanesiigsaaifirshmajor

wBER LGSO BP TR 1R SRS R e oy
s 0 3Py DRttt fsimapimir

surfan&' ofithie dinstisnacedayebidrnstha ifst %@xﬁb‘é@?"eﬁf Bf@ﬁ &pqond gomposite
at ed th t | 4b

o B S 5 PP, B S5t Do 21

fouftRNaye bPadlesi 6D C ITaS seroeﬁ@ mafat siicfacer 4dofthé seegoé n@tylposne layer

i dentification, suc]g1 as %ég kHz._and 13.56 MHz, the
42 sanpoaipetavitiptps foydeleysrat (%2 as a power - absor bi ng

material. Instead, the conposite |ater
magBeitable adhesives fontherlpyars ggqrdhmm 3B A0 ‘@aéiéﬁ‘é‘l‘%{?ewge range
RPI \Y;
of feits Tricffh T8 UER ARAE s oo PIRLAS for, SHERIA oS, BREALn
natﬁ@ﬁﬁ;b‘byr aélryl%‘ﬁt ﬁblyﬁﬁfﬁebl,oclt no;aﬂyintnsppnlycblh’éns andagrolyniefin

di scover ed "t hat t he gnetic filed.is . preferentiall
copebaeft PESEHCSASIIRG aglgﬁ%‘éu%‘/ pegraferregyiy FPW%?RP&%“‘“YS

magnetic field in the conductive substra
cur Fignres 7aBeando? illugigate gbermptiyver siebQddmeris £ 5}@ 1%E*ﬂ E]yst?z% a0 af the

prels\?{g 11%26}61551{1: L n ]gae n&g{rr gﬁtses%’ Bl ghey il ru?t?eHE gﬁﬁréit 9BRY Fﬁztfrﬁtﬂfﬁs of

a successf u rea
thetcdghpoyitd sﬁﬁc&ﬁh)@r Beadleﬁgutw ithd smcerdnpat 3i2nn¢:lu@a$raefn§t portion 70

the RFID t 30 | | ud |
tha Qe he ORI TSP IABES Sy [HsePaF S BNEF o2 BISP st 2 Fprgure or
ho]l% st tfﬁst]p%ﬂﬁ}gfr Pindithe F@H?ﬁué[% isf fanBEBERhhat v multllayered

am na native he cover | ayer 50 may be
flakdst82cihehk $pacerteyes 3BsbrrespendPgansthllyrto diet shapaofithe [gyteana 18.

third |l ayer of adhesive 48, as illustrated in Figure

6. ThRigeeygrthé shaeer 1afkraadndlidasch ﬂimMmrtlmﬁ T4 divbs sacend gortion 76.

In &ngﬁgg;&qg;g gtlgﬁ l&g{ierglgglugﬂqh Iéﬁ]eclgygﬁaxea 882,391 t&ezts%(ﬁ)ald portion
76,btﬁ¥ B0et B&s TP Ak ?h&%ultlflégfered flakes 82. Similar to the embodiment

illustrated in Figure 7, the position of the multilayered flakes 82 correspond generally to

the shape of the antenna 18.

In Figure 9, the spacer layer 32 includes a first portion 78 and a second portion 80.
Both the first and second portions 78, 80 include multilayer flakes 82. The first portion 78
and second portion 80 are arranged to correspond generally to only portions of the shape
of the antenna 18. In this embodiment the first portion 78 and second portion 80 are two

individual strips attached to the second major surface 16 of the substrate 12.
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exanple, it mght be a tape that is used to affix the
RFID tag 30 to an object. Suitable materials for the
woaverizéayer 50 include polyester filnms or papeCsUS2006/016796
Al ternatively, the cover |ayer 50 and | ayer of
adhesi ve 48 may be comerci-484y avail abl e tape sol d by
3M Conpany, based in St. Paul. The cover |ayer 50 may
gir"srpar&&ggta%é’oug G }%{%{/giv & pﬁr&)@sﬁergp%éfqa}‘é? A2 Wikke @%é‘s‘@ag‘é; the

enment or ‘informati on about
plaﬁehff thbineiitlayAed flalwk 82 lard dincdyith0h¢ plane ofibh&FIDAntenna 18 to

mu@éﬁ;@%é%a'g&%%t@%ﬁ"?@%ﬁ i%ﬁﬁ%eg%rlp%%dlﬁ%}ltgﬁe fk%ﬁlé composite

mat\éh&ll{ﬁlmlﬁflla991teﬂ ¢@keG9 guﬁl’é@trhﬁﬁng?_fhetIUHD g q)dsﬁabsﬂ@'n Figures 7, 8,
taining”to the RFID tag 30 he cover | ayer may be

andsSt mlpbteaje st thn'dfeqmsslbb c@nﬁamn@@mqf thhgOmpasiie snar?ér @Wérz

Ho g e HENTG AL doer o ol PIEPE, iogfevide

spaaﬁ'l&}etr 89 V\Hﬁré ‘JB@ s‘lré2 HRGEr hdsRo@s Poitivn }ﬁdvtrgrrﬁ*altllayered particles 82
nmbadi nment FID tag 30 may inc¢cl ude, nu

andcwlnm diis pontlay eSr @hgnpé wﬂlhl a &aﬁtzﬁné dPOFtFPfod’a‘? BH%S a’PtﬁBn'ﬂﬁ D
tag may include a second conposite |ayer 42,
addThé aperatnt dfehd present tomepiowt wil b@%ﬂﬂelsiescmkﬁdewh regapto the

fol}lz?sgllén%sieé%hig G%BL? tl‘ 9§%§3gl¥p%§acg%f egé%&)%ﬁﬁéﬂ ﬁlﬁst{a?é’ hk Srarious

speGiffcfa%H %?éfelfrécp%%’tﬁmfehtfs Sihd eRnMiqaed. gt slayndd bé3ﬁ;devﬂm>c[d‘| however,
descri bed above. For exanple, the second ¢q

that mgey vaarmtmyamdwmpdkf@afaormm&yebeetﬁ@ deqviils TERIg We, i the scope of

uant | f multilayered flakes, or a different binder
ﬂmﬁgygppg eHPfe second conp05|te | ayer 42 includes a

B T e L B P S Bmens
(Tf% AUE. rracﬁ@ fleguéicyaghfiich@ort Tig-BEE BIF] KSOFDHEN3L (mtbmy‘&a)na«il Standards
first |ayer of adhesive 38, The first

Orgmhmson)ecqnmhant censparder inlays Withea 48 sy Himetes ‘?yr“gsle} lﬁg’é’tﬁf anterma
aV@{aP#eg'gOén t{rﬁxag,fln n%nté WE rDﬁ?asos " Tlilnlg I{PID%ad@h%d to read the

second’ co ayer
RF$P ¢&:2AshoR 0w 5 all ef ihay:eamﬂ]zs Was aﬂiE&EmﬂegeoTurigeten handheld reader

duct b 24 b
ada%?% T SHE Wearics i ot ana of- 1 EBIRHEEPELTL o Handheld
read eﬁapt%? fljgél T}ES}[SI {?cg% t _ Byak BRaded 'i:)Elhthle @}é:ﬁgn Qélectlon of TEK

ésives for the ers of

Incaﬁﬁﬁs toveBalgBnedld, Tuﬁ@steﬁ@ pemhaﬂotbgléalwss!@amta(ﬁgé\) @vailable from
adhesj,ves. kno to those skilled in the art,

Palm@ﬁ%drwlpl@%%}%xaml e, those based on nat ur al rubber,

ac r Wo%ts% bR HERERIabilltyPShE TP ahiFBAGers PP tHeOTE rPBotégHEITun gsten™
handheld reader adapter attached to a PalmOne™ Tungsten C PDA, the TI transponders

were read in free space, i.e., the transponders were not attached to metal, nor were they
attached to any other RF absorbers. Using the TEK Pro’ce’:gé-TungstenTM handheld reader
adapter attached to a PalmOne™ Tungsten C PDA, hereinafter referred to as the TEK
RFID reader, the TI transponders were read at a distance of up to 112 millimeters
measured from the RFID reader.

Then, the T] transponders were mounted directly on an aluminum plate, i.e. no set

off distance between the TI transponder and the aluminum plate, nor was there any other
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copol ynmers. Pressure-sensitive adhesives may be

preferred in sone applications. Figures 7, 8, and 9
woOoRkbossiezabe al t ernati ve enbodi nents of the RFI BCTag2®6/016796

of the present invention. In particular, Figures 7, 8,

and 9 illustrate different -¢@nfigurations of the

conposite spacer layer 32. In Figure 7, the spacer

e : : .
g
trankputidedeseranotapadabler wesirgy tha dIBK REID Tdader.i r st portion 70

and the aperture 72 is arranged such that the
mul tilayered flakes 82 in the spacer |ayer 32

Cogﬁgz{rt jgenerally to the shape of the antenna 18.
rgure 8, the spacer layer 32 includes a first
porgd i GG aRRIYstyRBne/@splhfbd 428 wWak 184 as a set off
porlﬁrgﬁsz@ﬁ@&gﬁlﬁ%%% [ nc’laﬁyge}lss }?hee rrfﬁ t)|nI ayered fl akes

spa@2 laylenbétheers e ddrapspdnidenanden dltreinbimplete td peayvigrodistance
include the nmultil ayered flakes 82.. Simlar to the .. .

betwrAoRE L HERPPRAR spd il pmyRipt. itk oyle o Rphidfption n

whi(:ﬁ BT tgdnk tLGad hidies tPRe GRIMIRORAGMIc ERE frahdpynde® vidiaffixed
shape of the antenna 18. In Figure 9, the spacer |ayer

to tB@displey bokrd and fherdisplagobeardin tagn watlafiixsd toihg apwpinpgyplate as
80. the first ,and second.Rftd T i _el
ol Ay U bR g RIS oy, SE AR N

wadBhlin28 BQh&sige 8f thaTde@nspondar dppssenite gidoepah hhidhdhe RFID

only portions of the shape of the antenna 18 n.this
integrasesi¢inauiitwasiadiized: skhepdytiansppndgr wifh Ui %%?‘{ qdbFsigp tape

; AN L SLrd D > o0
wodfip BRrd RO H TR o 355 BELEEY 55 mhftink 1 HESUTR o) 061
pol?ﬁ?ﬂéhléi gisplag ?U{ﬂﬁsﬁi.m&rlnﬂ_ﬁlﬁmmrs théx;kfexs‘lrvaiéﬂ)le\gtemtmn lé%@m[i@g]él,es USA
the plane o e mu ayer e S ar i gne .
Inc\MS{t-HJpq% _ng-a_ﬁhe Brasy Wéthﬁm){qge&% tdégﬁ %fgrd% %a%fz?l ﬁ{aglés dl“he display
bo%ﬁ%@%&%&feﬁ%aﬁ%&h@ﬁ%ﬁhef WiddA8d to Adall@REn plate using 3M™

I ments, SS O e COHPOSIte naterlal or .
doutld-idedydireside tapak@ninatedrte thei sidedof thedisplgy bRardmpppsitedhe side to

| ess cost | igures 7 , «and [ '
whishas trsvedier bt e (i Bo s REIPLgkt Hq dpthder
wasfead FP¥BYBhee fRUWBaIlifbtetRtdsgtsdatdm s RFIDieadgns

are contenpl ated so as to provide a spacer |ayer 32

where the spacer |ayer has some portion having

mul ti.l ayere articles 82 and where this portion is
—%&Bﬁ@%@—mﬁl—w €4 |east one portion of the RFID antenna

18. Inines QR aadtiveRx@hplehsll plemsristwdraithersaine s wm Chbmberative

further described with regard to the, foll ow

Exatoplsi | exaeAehshecenlystrsae IBRAEPEY WpLats APty was 2413

S it ' Qi HRMERRETB rERNRr, th
mﬂél#%%%ﬁr}%ﬂ{’ gH(gLHé@:l“g%h%%g@g?grazﬁsgul % %e under st ocgd, b e
trahpOBYE was read at a distance of up to 39 millimeters measured from the RFID reader.

Comparative Example 3

In this comparative example, the spacer layer was a 0.991 millimeter thick layer of
iron filled silicone polymer magnetic absorber available under the tradename of Eccosorb "
GDS material from Emerson & Cuming, Randolph, Ma. The length and width of the
magnetic absorber layer was 51 millimeters by 51 millimeters and had a mass of 6.89

grams. The transponder and the attachment method of transponder to the magnetic
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that many variations and nodifications may be nmade

while remaining within the scope of the present
wonenkion. For all of the exanpl es bel ow, theP8FiUB2006/016796

transponders used were Texas Instrunments (Tl), Inc.

radio frequency identificatpgn Tag-1t(tm HF-I

| SO 15693 (I nternational Standards O gani zati on)

abs%ggrr)ﬁnfi%ﬁ b anz"ﬁ,{? rﬂgr%r létg hié’I stcuPre s é%cﬁbéd i @S Bpariive

enna aval rom

Exahip¥d 1. UU@ﬁiE&he TPK .RFIDakhds, thd ¥anspoaddRvd reebaterdistgmt of gip to
read the RFID transponders in all of the exanples was

39 millimrtery measyted framg tedhiDca¢dndhel d reader adapt er
from T TEK I ndustries, Inc., Vernon, CI. The TEK
Pr ot ege- Tungsten(tm handheld reader adapter from TEK
Exahipdeigtri es, Inc., was attached per the design

| f TEK
& Horitis ABpmblegh SomPLE 1y e g f RS A i o DHREA' R spacer
laydrd hg@g\ﬁéfo@mcﬁﬁé dak@dle céripostie 18%k akdd Bhhd ﬁ%cer layer in this

readability of the Tl transponders by the TEK

exaRiplt wefoTued Sowrorthinnansheets of theseaposimploe faningtad iRggther
with BB IRSR ERE, ThO Rl SA0EPROCAY 53

mllﬁfh'éte% Ff%@ﬁ’lhhiéteﬁ@{vﬁh a toarl thMesst(mg/ filh ﬂayei‘seadldtan ipeslayer tape

F ab b Usi the TEK P
lay AN i ldaeree ok BFS SEA4-AL BT 8 TBAHIHEC LR A nched to the
cor%%%s?‘ Im gé:a P@H ﬁa?nldettl@ A hbhatiG &the Qoﬁaﬁos"f‘t% ﬂhlii%pgéﬂflayer and

ransponders were read
trarfiE&ic&B o@roh tum dtiacHetiZo nihd dlummlm plamar ’f@dhfm @W@UVG

ExegmlpléDdtr ﬁ@?&% gﬂ“ n]&ﬁmhfﬁqgﬁq pcgl %%%a%ﬁe%& 8?0 HU5% of up to
40 Q:iﬂsfl @&?n&@&ﬂ‘@cﬁﬁ e ﬁFIE&@aﬂéﬁOﬂdef and the al uni num

e, nhor was t ere any ot her RF absorbers pl aced
between the TI transponder and the al um num pl ate, and

t he TI iranslp%nders were not readable using the TEK
Co npar ative Exarrpl e 1 For this

O e P i P S 05 e e Bt

f ! Bhnbgdto? SIshests BEpleinSkmecE)-pound
Ex%ﬁﬁlgslge%gt th%% %ngg%nmrdg\;ramgndﬁt he al um numﬁ%l at e, butp

papeet The plairdgaper sronér lgyﬁr aDmnSérCrpfv&ﬁl@htStOﬁéamr had a thickness of
t rangponder s .affj he al um I
0.813 59 ¢S Ianéﬁ‘g lgtrgtgl au wllcgh leEel |10§1p l\)\%;r/‘ Lg é‘?gg mllgﬁﬁeﬁrers by 55
mlﬁﬂn'?e%r@yTH@fﬁ‘UsQltdn'ﬂ phpt BpatRs 123 hadembs dffiedSadranmt nUsing the TEK
ate as
RF?D reader, the transponder was read at a distance of up to 20 millimeters measured from

the RFID reader.

The results of the transponder read ranges relative to the type of spacer layer used

over a metal surface in each of the above examples is set forth in the following Table.
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follows. 3Mtm doubl e-si ded adhesive tape avail abl e
from 3M Conpany, St. Paul, M\, was |am nated to the
weizams/1ed270 he Tl transponder opposite the side BODMWS2006/016796

which the RFID integrated circuit was affixed. The TI
transponder with the doubl epsi ded adhesi ve tape was

then adhered by the tape to a 55 mllineter by 55
mllinmeter piece of Fone-Cor(r) polystyrene display

board 5.08 mllineters thick available fromAl can

Conpdsities USA Inc., [St.Léngth s,| MO The mass| of this| Read
pi ece of di sphay boar d| wawidth79 [grams. The displAayal Range

ape | am na 2d 10t he (
CONORY [ 1.799 IOBERID® | 53
2 1 lpaBome-Car dmstesiake| of5oupd3 o 532481 | nPeOAy k U-26x10” | 39

ExB@gled Wi th ghed tr Dﬁﬁé}ﬁ%ﬁ ViSckinBen| MiasalC Mehstt on
BaI um n v Snusin 3&41&1?) ) d%ﬁgmylé) Metal
I de of th oar (mm)
nnnnelfg tho o1 Ao +G\v
;glt arhpﬁomﬁig%g% nnnnnn
1@3as U ed Boeesors h@DRFI D| r éddefl QonPAPAat i vE-88xamspsl®” | 39
In this conpafeaiai ve exanple, all| elenents werg the

Sane @gg, qgfgrqt,ﬂﬁée Exanpl e 1 except that fhe

pol ystyr ﬁE m L8 P ard used gs a spacgr |ayer was
23213 ™ Efs thick, andsihus hagsa mse pH.edx86° | 40
GEAHS Hrgsthe TEE\” eager,—Hher tTETRON i3
Kead AP MAE O - I EXOA W BNl

fromthe RFI D r eader. Conparatlve Exanple 3 In this
conparative exanple, the spacer |ayer

TP e AT —
on %g%gﬁc%s:ﬂ% l%%ggf &[% é)ré'as.gﬁ?t' P@Qﬁl@g%ﬁ&l Gffied %o E'&@&Rﬁﬁ{?@s&face were

rom Enmerson Cum ng, Randol ph,

readdble dthecongiagibie fad ravigd thRETD tﬂa&spm@ereimcmntekismrﬂrmr art shield
layer was 5 1 millineters ters and

b
Iy araB e oA P eAREOT O i S B8 AR A DALY purfece
Th{'@ 512[3;0 1t? ‘ia%kf @f‘ﬁl@ RAed: ntn%nhtﬂﬁ‘ iEReHRE bl coatpaibRehickieks! an

num p ate were the sane as described in
appEerimately oncethidalvpiness] corhjsaradyict the EvesortEMmateriale FurthereRFID
tran(f ponder s read a

transpppdespmapate ggljng@oaﬁlfeolﬁﬁrwztt%gézr%e% glgg?tso%é% afflxed toa
corlddctil sirfB¥& V\gﬂélvﬁied% BRPREbId ad ﬁ&’l@é tP4n RAD ﬁﬁ@@ﬁ(ﬂer mounted on
s

I nventi on used as the spacer a er. The mecr
spasérrlaydr masetighn rStwh: hsd m@@gﬁ‘tr@atma@léhatu‘s@édﬂs@safﬁ*@ @ﬁé@@iﬁmtwe

er.in this K H081oh but
bRt B SRR B e M A s s
a significantly lower thickness, compared to the Fome-Cor™ material.

The tests and test results described above are intended solely to be illustrative,
rather than predictive, and variations in the testing procedure can be expected to yield

different results.

The present invention has now been described with reference to several
embodiments thereof, The foregoing detailed description and examples have been given
for clarity of understanding only. No unnecessary limitations are to be understood
therefrom. All patents and patent applications cited herein are hereby incorporated by
reference. It will be apparent to those skilled in the art that many changes can be made in

the embodiments described without departing from the scope of the invention. Thus, the



with 3Mtm Post-IT(tnm) doubl e-si ded adhesi ve tape.
The resul tant spacer layer was 55 mllineters by 55
waibdeimet7er s with a total thickness (two fil m Payaiss06/016796
and an interlayer tape layer) of 0.813 mllineters and
a mass of 2.49 grans. The t2Z&nsponder was attached to
the conposite filmspacer |ayer and the conbi nation of
th 0 It I: SHeed? Weh&ures
soope Ty FRSRl bbb U RARERY e R ed R e R R e st
desEHiben Abrin, bat fxtanpl ehelstrudairesleséribetity thelangwagsddithe ¢lpians, and
transponder was read at a distance of up to 40
the pquivalenis af hosRHBAGFEES f r om t he RFID reader. Conparative
Exanple 5 In this conparative exanple, all elenents
were the sane as in Conparative Exanple 1 except that
the spacer |ayer was conposed of 8 sheets of plain
whi te 20-pound paper. The plain paper spacer |ayer
conprised of 8 sheets of paper had a thickness of
0.813 mllimeters and the I ength and w dth di nensions
were cut to 55 millinmeters by 55 mllineters. The
resul tant paper spacer |ayer had a nass of 1.98 grans.
Using the TEK RFID reader, the transponder was read at
a distance of up to 20 mllinmeters nmeasured fromthe
RFI D reader. The results of the transponder read
ranges relative to the type of spacer |ayer used over
a metal surface in each of the above exanples is set
forth in the follow ng Tabl e. As denoted by the results
presented in the above table, RFID transponders
nount ed on a conposite |layer of the present invention
and affixed to a conductive surface were readable at a
conparabl e read range to RFID transponders nounted on
prior art shield |layer materials, such as Eccosorb(tm
material, that was also affixed to a conductive
surface. The conposite |ayer of the present invention
i ncl uded a conparabl e thickness, but approxi nately one
third the mass, conpared to the Eccosorb(tm material.
Further, RFID transponders nounted on a conposite
| ayer of the present invention and affixed to a
conductive surface provided a conparable read range to
an RFI D transponder nounted on spacer |ayer materials,
such as Fone-Cor(tm naterial that was also affixed to
a conductive surface. The conposite |ayer of the
present invention included a slightly higher mass, but
a significantly | ower thickness, conpared to the
Fone-Cor (tm naterial .
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The tests and test results described above are

intended solely to be illustrative, rather than
wonrewiie#27ve, and variations in the testing proeeumsz006/016796

can be expected to yield different results. The

present invention has now be¥a described wth

reference to several enbodi nents thereof, The

WK Fpadaii§ed description and exanpl es have been
—"grgg%§$UT—tTﬁTTTy of understanding only. No
unnecessary limtations are to be understood
therefrom All ents . patent applications cited
1. porderaee el s AR PR nce. e i 1)
be aRRRHERIn1AdIEATRstSKAjbt 8ffdcH ahd1€ séohd ni¥gér siBfaye opposite the
changes can be made in the enbodi nents descri bed
wi t Astimaissaria¢eng from t he scope of the invention.
Thu - . r [ } O
1 e ERSRREy onliBly R RRaha B8 LB i o B or e

her eatatrafept rather by the structures described by the
| anguage of _the clains nd t he eglgéval ents of those

_ a
st r ae iigesatedeiaguil atached toethe prienng; and ¢ adi o frequency
| dentd.fi catian. 10 REL B ). "
R L kGO i, A i
sur bppmsite tedist majioh eurfice swherajnche Sust bampysit layed iattached to the

oo AL o] R 0B R b S Bl

at t achedpf@et-Rggant enna; and a first conposite |ayer
including a first nmajor surface and a second na

| or
surface oppuslityefuhdibyersd fnkgschispstsed i e bipdsr chpmuiidayered

first co site |layer, i -he J g
surface gqshcgn‘gbalg@rtgtoé? %%@ ﬁ@ﬁ gayteﬁgélﬁ, re%ct%clggé; ggic?félpnsmg.
| ayer cogp¢ bigs@llineiferd@nagriid neetd)llayeahdjhyenoto one dielectric layer,
mul til ayered fl akes dispersed in the binder, the

mul ti | aysherin thelesr pairpiory ngackes aftermatieg ferpnmenglicmetal

pairs, e I d I ri sing: one crystalline
fer rormg%1 t{sca%ﬁ??eé?&ﬂhgba rgl[ggdj acent to one dielectric

| ayer, wherein the layer pairs forma stack of

alternating ferropmagnetj al layers and .dielectric
2. Rugpdiccleoeny EauRRratPac BRL ) RSP GH LBt t5e)oh metal o
otHeRBoRREN P cdO HitRirWHereihor use on netal or

the radio-frequency identification tag is attached to the metal or other conductive

surface; and
an interrogator may read the radio frequency identification tag within a read range

of at least 40 mm from the radio frequency identification tag.

3. The RFID tag of claims 1 or 2, wherein the ferromagnetic metal layer is thinner than

its skin depth.

4, The RFID tag of claims 1 or 2, wherein the dielectric layer has a thickness of about 5

to about 100 nm.
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ot her conductive surfaces, further wherein: the
radi o-frequency identification tag is attached to the
wortml12e270 ot her conductive surface; and an i nt BCTAZAI061016796
may read the radio frequency identification tag within
a read range of at least 40-pam fromthe radio
frequency identification tag. 3. The RFID tag of
aj 0 . [ ¥ t; :
5. FRERFT fSr iV 2 Rk FBARR e i ud ke of
bet@edi OB ahd 610 @m. wherein the dielectric layer has a
t hi ckness of about 5 to about 100 nm 5. The RFID tag
of clains 1 or 2, wherein the first conposite |ayer
el L e nthorit@ e ePinblutd®s arfaredlRnsit
6. &&%ﬁ?&a@ﬁ@?@#ﬁéﬁlﬁhe’gﬁhmﬂ g&n thgg’con’posi te | ayer /
of batweaend®80GnamrGhgmdemsi ty of between 0.0001 and 0.1
gmmR. 7. The RFID tag of clains 1 or 2, wherein the
conposite | ayer conprises at least two strips of the
7. CHIROSI) @¢ loB¥BImAL bAT RGitkréia thid@ngrehe thysbéamprisgs hileast two
of the su%st.rate. 8. The RFID tag of clains ]b&or 2,
striph ef Gievompesitedayssaitecher 49 the seerndyawier stagp of fhgsebstrate.
wherein the aperture corresponds generally to the
shape of the antenna. 9. The RFID tag of clainms 1 or
8. 2FheVWIEIDRiaB of blRireOMPOS, wikertiaykys canysdsite yenintludss an aperture,
portion and a second portion, mhﬁrei hhe second
whegsin the aperie sepewardyesmerlly |tg thes E‘H’Fe‘glfst QPECH2 t he
antenna, and wherein the first portion conprises the
bi nder and the plurality of nultilayered fl akes )
9, di s RF Eetgiof claies bion2ewhervinehetompdsge dayevmglysles & fisyi portion and

a s%c?m lrp:o?tﬁglp gv L bil!hg g%&hg%Bﬁiﬁc%rrg%?ld%%&gﬁ%&&o@i&gﬁlﬁe 3f the
an ﬁﬁe@ﬁﬁ@%{&ﬁjlﬂh {he fﬁiﬁ%%ﬂ N EnSrisSdHhE dGRlePhind the phonpgsift e

ayer. . e RFID tag of 'claim 10, wherein the first
muiltiapered flakesisbspersed in the dindsr,twherein dheosepersprstiesy comprises only
bi identification tag to a netal or other conductive
méiﬁlf'face. 12. The RFID tag of claim 10, further

conprising a second | ayer of adhesive attaching the

second maj or surface of the substrate_to the fiflst
10ef herRIEW fag o8 clofmg her %,diﬁlﬁb@l] qoErigipgra first layer of adhesive attached to

the second major surface of the composite layer.

11. The RFID tag of claim 10, wherein the first layer of adhesive attaches the radio

frequency identification tag to a metal or other conductive surface.

12. The RFID tag of claim 10, further comprising a second layer of adhesive attaching

the second major surface of the substrate to the first major surface of the composite layer.

13. The RFID tag of claims 1 or 2, further comprising a cover layer attached to the

substrate and the composite layer.

14, The RFID tag of claim 13, further comprising a third layer of adhesive between the

cover layer and the substrate.
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13. The RFID tag of clainms 1 or 2, further conprising
a cover |layer attached to the substrate and the
woaopassz’e | ayer. 14. The RFID tag of clai m 13pctmstinenic79e
conprising a third layer of adhesive between the cover
| ayer and the substrate.15.-ZBhe RFID tag of clains 1
or 2, further conprising a second conposite | ayer
including a first major surface and a second maj or
surface opposite the first major surface, wherein the )
15s dhe RFIDdAp 08 tleind bgtel, fithextcomptisite necednd composite langrgacluding
surface of the first,conposite |ayer, erein th .
a B il ORI ooy EREE Rt opPege P BlbrsUface, wherein
theRk&dral dotipoSite Iyrtis bidyepe@ e fhk 3k@sd dhaMesusface oMnthe Miest composite
bi nder, the nmultilayered flakes, conprising two to
laygi sereipthe] sagand qeaiposite la¥ePompyises: pai r conpri si ng! one
crystall i)ﬂl% If,%&orragneti c nmetal |ayer adjacent to one
di el ectric Féyer, wherein the layer pairs forma stack
of al t er aghiralityfof niudtitagered tlakeselispersedyreths banmidr, the multilayered

dielectric |ayers,, 16. The RPI ag of, claim 15, . C
further Sakgsrioqipriging tgde pheYt éb)%ﬁay%f PajEn gaGh Jayer pair comprising:

attachi ngn% B sRRme ?grﬁégﬁ%%?{egté WelA G cPhdibbtait td él&i(ﬁeélectric layer,

conposite [ayer to t maj or surface o
second cevipms the lasey pairs H7m aTteekRElaDematingferomsagneticGnetal
wherein the fo%rtq la%far of adhesive attaches the RFID
tag to a d¥EEANIEReleGIaYESnduct i ve surface. 18. A
nmetal airplane part or tool in conbination with the
RFID tag of claine 1 or 2, wherein the RFIDtag is i
16atThedtidD tag of bleinaj I5p Furthsr pempriving ¢ Svirth layar ofpdiesive ajaching
i nt errogat or .na e t RE: . 1B .
e e R R gt Aol o the s 3B GR:

sedoadicembosigguengy identification ("RFID") tag,
conprising the steps of: providing a substrate
contai ning an antenna on at |east one surface of the

173 ulfﬁ':étmag %&’E%ﬁﬂ 15 V\?L@I‘elil{lﬂ’l% %ﬁﬁ}?ﬁ%’@ﬂ dfSdhdsi$elattalBes the RFID
antenna; providing & first conposite layer including a
tagf torashetalpyrathawohdetvasdfaesecond maj or surface
opposite the first major surface, wherein the first
conposite layer is

18. A metal airplane part or tool in combination with the RFID tag of claims 1 or 2,
wherein the RFID tag is attached to the airplane part or tool, and wherein an interrogator

may read the RFID tag within a read range of at least 40 mm.

19. A method of manufacturing a radio frequency identification (“RFID”) tag,

comprising the steps of:
providing a substrate containing an antenna on at least one surface of the substrate;
attaching an integrated circuit to the antenna;
providing a first composite layer including a first major surface and a second major
surface opposite the first major surface, wherein the first composite layer is
attached to the second major surface of the substrate, wherein the first composite
layer comprises:

binder; and
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attached to the second major surface of the substrate,
wherein the first conposite |ayer conprises: binder;

wandw/1pkaoal ity of nultilayered fl akes di spersedTius2d0b®e16796

bi nder, the nmultilayered flakes conprising two to

about 100 | ayer pairs, each2d-ayer pair conprising! one
crystalline ferromagnetic netal |ayer, wherein the
ferromagnet qJ]E,qtnéﬁ!, i i Ji'ﬂwﬁ%ﬁ ih BRbihdeE, B infultilayered
dept h, %gffgljggtt tolgiﬁggﬁﬁgag%%r%c ayer, wherein the y”
di el ect rfilaked eoreprishepstwa tb Aboktri@®§daysk pains gactblayer RAR@MPrising:

100 ran; and erein the |layer pairs form t .

al t er nataPf ﬁrﬁgﬁﬂ _ ﬁﬂ@?g@t‘ﬁé’?e&?qu‘%’e‘?’éﬂg\w&ﬁ%?eéﬁ% ec ?llétclzc metal

layers; 1204 iafhlRehingg its Blinidepthl adjfeROR dife diely@ric layet, veherein

substrate opposite the antenna and integrated circuitf. .
the dielectric layer has a thickness of about 5 to about 100 nm; and wherein

the layer pairs form a stack of alternating ferromagnetic metal layers and

dielectric layers; and

attaching the first composite layer to the substrate opposite the antenna and

integrated circuit.



