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are useful on netal or other conductive objects and to nethods for
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probl ens when a radio frequency identification ("RFID') tag is proxi mate or
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BACKGROUND OF THE INVENTION

Various methods have been developed to help reduce or eliminate interference

problems when a radio frequency identification (“RFID™) fag is proximate or adjacent a

20 conductive object, such as a metal object. Using some of these methods, it is possible for
an RFID reader to properly read the RFID tag, despite its location next to the conductive
object. Examples of such methods are disclosed in the following publications and patent:
PCT Publication WO 03/030093 (Gschwindt), “Transponder Label and Method for the
Production Thereof;” PCT Publication WO 03/067512 (Surkau), “Transponder Label;”

25 and U.S, Pat. No. 6,371,380 (Tenimura), “Non-Contacing-Type Information Storing

C 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.
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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



surface and a second major surface opposite the first major surface; a radio
frequency WO 2006/ 124270 PCT/ US2006/ 016796 -2 identification antenna
attached to the first major surface of the substrate; an integrated circuit
attached to the antenna; and a first conposite |ayer including a first ngjor
surface and Wog®ebHeomj or surface opposite the first poBpQuissuUniace,
wherein the first conposite layer is attached to the second major surface
of the substrate, wherein the first corfposite 5 | ayer conprises; binder; and
a plurality of multilayered flakes di spersed in the binder, the
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flakes disper se@nbtﬂertehﬁochm&%fme wﬁnﬁuﬁm&@f%@e@ aflekesr ERMRELuEhNY two to
about 100 | ayer pairs,  _each (g pair conprising: one crystalline
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d electric layers; and attaching the first conposite |ayer to the substrate

opposi t e WhEsHEHE arrlcsrRedeewt ©dbeomican ProvidBRR Bt ESCRISEEON OF THE

DRAW NGS Th%n&ﬁcﬁ:%sﬂrﬁh!{&@ﬁﬂfé&@mﬂa skcoﬁ@mw thele ogmh@m@%f& w@&hsu;ﬁéeer ence to
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art;
dispersed in the binder, the multilayered flakes comprising two to about 100 layer pairs,

each layer pair comprising: one crysialline ferromagnetic metal layer adjacent to one
dielectric layer, wherein the layer pairs form a stack of altervating ferromagnetic metal
layers and dielectric layers; and attaching the first composite layer to the substraie

20 opposite the antenna and integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS
C The present invention will be further explained with reference to the appended

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

25 views, and whersin:

Figure 1 is a top view of a typical radio frequenocy 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;

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

conductive object;



Figure 2 is a schematic view of interactions between the RFID tag of Figure
1 and a RFID reader; 30 Figure 3 illustrates the interaction between the
REID tag of Figure 1 and a conductive object; W 2006/ 124270

PCT/ 052606/ 016796 -3- Figure 4 illustrates the interaction between the RFID
tag and conduct?¥Es/Bh’ect of Figure 3 and prior art spacsuSpskisguere 5 is a
side -view of one enbodi nent of the RFID tag of the present invention; 5
Figure 6 is a side view of another enbodiment of the RFID tag of the present
invention; Figure 7 is a viewalong line 7-7 in Figure 5 illustrating yet
anot her enbodi nenfiget 4 ihdeatRFhDnicagiobethe: hr BEBtg imcentdem,obfeitglire 8 is a

view sim | ar £ aVk Figure 7 illustrating another enbodi nent 10 of
the RFID tag %EI&U%{: é%@%%%%aﬁeﬁi/entl on; and Figure 9 is a viewsimlar to the

e e T PRI R S BRGSO 108 T Dl B0 of e

and Readers. iTwhignsecti on describes typical radio frequency identification
("RFID'") tags and readers, as are well known in the art. Figure |
illustrates a tprlem6nsaxh1®Vﬁer\aemme¢tbsyembccdiamnt b1 thalR FlOrtag ¥ fmEsyntt ag  10. The
RED tag 10 IQEJH?DS a substrate 12 having a first major surface 14 and a
second mmj or 'surfate 16 opposite the first major surface 14. 20 Preferably
the substrate 12 tr sy din a

| abel that may bfgﬁ%?gu %*@%@%ﬁ?d@ﬁ I%E%me ﬂ%ﬁ e sggdb?rergt% g 12 could
have enough fma@diibﬁdgloﬁweptasemmﬁr@mmto a variety of surfaces and bend easily
around obj ects. For exanple, the substrate 12 is preferably in the range of
25-100 m crons i nfigie kyressy simid th the madef Biffua 7 ilusesting laectimm trebddahsnt such as

po'éeSt &b, POkNERIM £P 6 NPRLAARNA fon; RY! Y1 M de, pol ypropyl ene,

Figure 9 is & view similar to the view of Figure 7 iilustrating yet another

embodiment of the RFID tag of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
15 1. RFID Tags and Readers.

This section describes typical radio frequency identification (“RFID”) tags 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
major surface 14 and a second major surface 16 opposite the first major surface 14.

20 Preferably the substrate 12 is a flexible substrate, such that it could be used in a label that
C\ may be wrapped around an object. The flexible substrate 12 could have encugh 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,

25 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 typicaily includes two major components: an intsgrated 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

30 desirable information, interpret and process commands received from the interrogation



25 paper, or other flexible materials apparent to those skilled in the art.
An RFID elenment is attached to the first major surface 14 of the substrate
12. The RFID elenent typically includes two major conponents: an integrated
circuit 20 and an antenna 18. The integrated circuit 20 provides the
primary identwbizmattsom function. It includes software paisGhdigssbd ry to
permanently store the tag identification and other 30 desirable information,
interpret and process commands received4fromthe interrogati on WO
20061124270 PCT/ US2006/ 016796 -4 hardware, respond to requests for
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RFI D tags 10 wou yplca I nc I pol e antenna as a linear

di pol e ant enfETHE), amérg ctets- dlpole antenna. A 13.56 MHz (or sinmlar) RFID
tag 10 would typically use a spiral or coil antenna 18, as shown in Figure
1. However, ot herThentiemad8desieynsndyrepckivodwperdontthodeiraldpkieet fauache art.  In

ei ther gpase, o%ﬂ@R@ﬁ'ﬁt%gE@ F]t)?e)laﬂltp &ﬁ%ﬁ@&%g&@b&@%@g@m GReLgy radiated
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60.) This signal energy 62 carries both power and commands fo the tag 10. The antenna

enables the RF-responsive element fo absorb energy sufficient to power the integrated

circuit 20 and thereby provide the response to be detected. Thus, the characteristics of the

20 antenna must be matched to the system in which it is incorporated, In the case of tags
operating in the high MHz to GHz range, the most important characteristic is the antenna
length. Typically, the effective length of & dipole antenna is selected so that it is close to a

half wavelength or multiple half wavelength of the interrogation signal. In the case of tags

)

operating in the low to mid MHz region (13.56 MHz, for example) where a half
25 wavelength antenna is Impractical due to size limitations, the important characteristics are
anterna 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 maxinm energy transfer. Additional infosmation
30 about antennas is known 1o those of ordinary skill in the art, for example, in reference

texts such as RFID Handbook, Radio-Frequency Identification Fundamentals and




“length. Typically, the effective length of a dipole antenna is selected so
that it is close to a half wavelength or nmultiple half wavel ength of the
interrogation signal. In the case of tags operating in the lowto md Mz
region (13.56 MHz, for exanple) where a half 25 wavel ength antenna is

i npractical di P@/18422e |imtations, the inportant charaat®@istices are

ant enna i nductance and the nunber of turns on the antenna coil. Typically,
nmetal s such as copper or alum num woul-8 be used, but other conductors,
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frequency of Whéegtﬂa@rwsqvarefaa}i% i g pappcityr gy cider berfidisciel (qgp¥abe f or

obt ai ni ng m&@g@dq&gmt@t@ﬂmq@nge and insuring conpliance wth regulatory
requirenents he capacitor nay either be a discrete conponent, or

integrated into tfnﬁmﬂtr@a@@ﬁm%ﬁem@&ox%llpscﬁﬁﬁe@l@ﬂquusw&% F%J?JZOVTh@O is
schemati cal | ﬁ_gl |lustrated in Figure 2, The RFID reader i ncl udes an RFID

reader ant enfiilbgaderf] iorlades aeRE day @raped §4. IBFSFraiess SOe pRkkogPR In For

exanpl ey COMBLGI Al eyaraﬂ@lc&,ﬁﬁéﬁa A@1Jb%adﬁb$eaaér§ma3@ah1gﬁbfr&nfswm 3M Conpany
based in St. Paul, as the 3MI1l" 3\gltal Li rar% Assi stant as nodel nunbers
<6)

70¢,: 703, aﬁgmpaatﬁ@ass@slswm fcthe BAH AL bbray awiaelree mabtlyumabeas THbl e RFID
reader is a géz 2l d 893 p%&ﬁe%%gbﬁ? (:ngﬁ]mﬁﬁ%%ﬁab?et ﬁ*{l@aq 40, APach Nt er mecT™

700 Series M e conputer aval ermec Technol ogl es
Cor por at i on, IPE\peﬁ@ﬂQRFIMUHEBRﬁﬁe aREhB! eadeerme0™ ANUSeREt PobikegomPuitor m an RFI D

system Indug‘;a]l qe%%mg?n%ng&ecﬁf gleéﬁﬁﬁpﬁmh&? Rased on near-field magnetic

coupl i ng between e ant enna reader and the antenna coil

of the RgFl D tr ansgpQ @%ﬁﬂ rea@y &0 crm(a'lﬁ@Dtta% IB%rB am%%ém. Inductively coupled

RF¥ID systems are based on near-field magnetic coupling between the antenna loop of the
RFID reader and the antenna coil of the RFID transponder, according to RFID Handbook,

‘Radio-Frequeney Identification Fundamentals and Applications, by K. Finkenzeller, (1999
~John Wiley & Sons Ltd, Chichester, West Sussex, England) pp. 21. A number of RFID

20 “systerns are available, following one of several communication and system performance
standards. The discussion below is principaily based on RFID systems operating at 13.56
Mz, but the discussion extends to inductively coupled RFID systems at other operating

C frequencies.

25 II. Inierference Problems When REID Tags are in Close Proximity with Conductive

Obiects.

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 64 inferrogating an

30 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



' Radi o- Frequency ldentification Fundanental s and Applications, by K

Fi nkenzel l er, (1999 John Wley & Sons Ltd, Chichester, West Sussex,

Engl and) pp. 21. A nunber of RFID 20 systens are avail able, follow ng one of
several conmmunication and system performance standards. The di scussion

bel ow i s pri n®OQAr¥y42lased on RFI D systens operating ateckBis@beordsiz, but the
di scussion extends to inductively coupled RFID systens at ot her operating
frequencies. 25 11. Interference Probl efs Wien RFID Tags are in O ose
Proximty with Conductive . Objects. This section describes the typical
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conducti ¥e oBf wchs p2dr aitnpdcadeyenty lects bepntrahnR R tapttadngd thieenmisttidel i ¢
substances (&,.g.,, carbon-fiber based conposite), or liquid (e.g., an
aqueous ionic Jso?u’ti onin a bottle). For exanple, a conductive object could
i nclude a netal ajs.plan .t oor ot Fi e. 4 illus t.es, ih
i nterrogation of ‘%%gu%ﬁ‘%ﬁ)%ta%%mﬁ ﬂ?egﬁlgl?) 6e§lde§§p 3)“)2‘?Hr%g?t§/s ttﬂ%ﬁ%@em%looﬁlaﬁgﬁ?ve obj ect
S 24 with a peisgueaetthsRBOatadeagierodsts b deatvegingelveien cirhet iRfleDHRg 10 and
|t errogat es “EIA CREFD Pad i P RifE HEeh S GEBLUBREE" The REFD Foader 60
producesca t simeoMalrauirRgfrejuetyydrdalvataibiandy be Apdribaic Bid On-réeagher ant enna 18.
The_variations.i.n el ectri current. may. be. the snoothly varying 10

si (usoi dal caf Pt %ﬂ@é@%%quwﬁtoﬁ@%‘?\%i tSin&}FPédaﬁmeg'eéﬁ%%Yi 2di ¢ and
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flux through, Ee I D antem a 18 i nduces an el ectronotive force (EM)
15 in the RFID antenna 18, according to Faraday’s Law of Induction, which is described in

more detail in Blsctromagnetism by John C. Slater and Nathaniel H. Frank, , (1969 Dover

Publications, New York), pp. 78-80. The induced EMF appears as an effective induced
voltage across the two end terminals of the RFID antenna 18, hence giving the
classification known in the art as an “inductively coupled RFID system.” The induced

20 voltage drives a time-varying electrical current through the RFID integrated circnit 20,
thereby completing the RFID communication link from the RFID reader 60 to the RFID
tag 10.

Cﬁj When, as illustrated in Figure 3, the RFID antenna 18 is not in fres space, but is

adjacent to an item with finite electrical conductivity, such as a conductive object 24, the

25 EMT induced in the RFID transponder antenna is reduced, generally fo 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 paraliel 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

30 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



is in the RFID antenna 18, according to Faraday's Law of Induction, which is
described in nore detail in Electromagneti smby John C. Slater and

Nat hani el H Frank, , (1969 Dover Publications, New York), pp, 78-80. The

i nduced EMF agggaﬁé%gﬁ an effective induced voltage across the two end
terminals of the antenna 18, hence giving the cl adSTUF%Y DR known in
the art as an "inductively coupled RFID system"” The induced 20 voltage
drives a time- varylng el ectrical currenf through the RFID integrated circuit
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attached to the conductive object 24 as a |label to identify the 30 object.
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Law, the net effect of the eddy currents is to reduce the magnetic flux near
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field. conseque
induced eddy current in the conductive object will proportionately decrease.

If the antenna 18 of the RFID tag 10 is a rectilinear antenna, as llustrated in Figure
4,then the conductors that comprise the antenna 18 are essentially long straight
cenductors, connected at each end to adjacent conductors to form a loosely coiled antenna

20 form. The elecirical current I in each long straight portion of each conductor in the RFID
antenna 18 sets up a magnetic field H at a distance » away from each portion respectively,
where i is the permeability in free space according to the following formula:

C H = oll( 277)
If the RFID tag 10 is proximate or adjacent to the conductive object 24, the magnetic

25 fields generated by each conductor segment will induce a counter-circulating eddy current
in the conductive object 24, as lustrated 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

30 conductive object 24 will be large and the induced eddy current will be correspendingly

large, If the eddy current is similar in magnitude to the RFID tag 10 current, but opposite



to the RFID tag 10 being adjacent the conductive object 24, an EMF is

i nduced in the RFID antenna 18 and an induced electrical current circul ates
in'the RFID integrated circuit 20, as described above. The electrical
current circulating in the RFID tag 10 will induce an eddy <current in the
substrate of évh&ogﬁqlgggcti ve object 24. The magnitude of the induced eddy
current depends in part on the amount of el ectromagnet i RETERAEISPEachi ng t he
conductive 5 substrate, If this amount of electronagnetic energy is
decreased, the magnitude of the i nduced eddy current in the conductive
object will proportionately decrease. If the antenna 18 of the RFID tag 10
is a rectilirfedFech BAEn ofhe FausRpader sueet aod tejegir aorent Wil hesiseHEYconduct or s

that conpri seebhgl ADREBMNE: 18+ANR: BRSRRELI &) hy RFONG. &I §RIBRLyGenduct or s,
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inorganic compounds containing iron in one of its natural oxidation states (Fe3+)

chemically bound with oxygen and other chemical elements. Typically, the ferrite

particles are uniform in composition throughout the particle, and homogenous, for

20 example, the ferrite compound is the same throughout the full depth of the particle. U.S.
Pat. No. 6,371,380 describes using a magnetism absorbing plate formed from Sendust.
Although not stated in the “380 patent, it is known in the industry that Sendust is made
C from a ferrous alloy powder. The base material is approximately 85% iron, 6% aluminum,

and 9% silicon, (See for example Soft Magnetics Application Guide published by Arnold

25 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 R¥ID 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 fertite shield
10 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 conduective object

~ 24 and the conseguent reduction of induced EMF in the RFID antenna 18, as illustrated



" conductive object. Using sone of these nethods, it is possible for an RFID
reader to properly read the RFID tag, despite its |ocation next to the
conductive object. Various nethods described in the prior art literature
may be used to el ectronmagnetically decouple 10 the RFID transponder fromthe
conducti ve sukf@sesmB%anpl es of such nmethods are di scllpfé@:g doBo %yg follow ng
publications and patent: PCT Publication WO 03/030093 ¢ CRW Nd ),
"Transponder Label and Method for the Production Thereof,"; PCT Publication
WO 03/067512 (Surkau), "Transponder Label”; and U S. Pat. No. 6,371, 380
(Tani nur a), " Nomsant, gg]']% I r L -1 Ag: j : 03/ 030093
descri bes 15 a sﬁi el d?ng R é}%?ﬁg?rr@%&hﬂgg&%cg@?%ng&%%g?i c éécggﬁelrsr%gdded t herein.
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material is appyion mEkaky35%4 i 6001 0¥ &-MMREUNe of MRS IH e@Mvirk See for
exanpl e Soft Magnetics Application Guide published by Arnold 25 Magnetic
Technol ogi es E&FP6Faicral, cdfiieTedt e notYacioy ani3gospauepdhiba 25y 0 2008 Rev. B.)
Figure 4yi |1 ugly 8k@ss RS XA iRer Phiod dGREoRE Q% 7D rARENAMS wodR dnl | USt T at ed
in Figure 4, the RFID tag 10 is electromagnetically decoupled fromthe
sug;ace of t Hemisontiaend easehipjplagiic deaigneptcaark jopks aghinetelbabetils. dHlaed bet ween
Lhe-REI D ant efianfiAReplisacaRdueh iie « SBL 86, GHEEAEEI039, oThe 1 D Lag 10

may be attached to an electronmagnetic ferrite shie may in

turn be attached b, i1f AUTAEEF LIS GORINCHEME: ARIBGH:Mric ACaker i e

shield 66 will mnimze the occurrence of eddy currents induced in the
conduct i ve obj eéer irpdagddnaelicoamiseseembeddsd icplotiedd 1 ducdde BMF in t he

RFI D antgnna 1, a5d ihﬂeifé%ﬁc@gl%%}ﬁ@d%g@a% %%@%%ﬁ%h%%%@&@l&%@ % -9
graphically in Figure 4. In other words, the electromgnetic ferrite shield
66 i s not confribute a large amount of mass or weight to the overall RFID tag. Ferrites are typically

heavy, bulky, and rigid. In addition, such shields will often have a relatively high areal

density (1.e., mass per unit area) and tend to be much thicker than other materials typically

found in an RFID tag. In particular applications, this additional weight or additional

20 thickness added to the RFID tags tends to be disadvantageous. For example, if particular
parts in an airplane have an RFID tag with a ferrite shield attached to them, the resulting

increase in weight added to the airplane may affect how the airplane uitimately functions,

C,:- Boeing and Airbus propose to use RFID labels to track their airplane parts to

improve maintenance and replacement services, It is proposed that passive RFID tags be

25 attached to removable parts on new jets, The RFID labels may contain information 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 particularty useful in the maintenance of
the airplanes because the service history of the part is stored on the RFID label as it goes

30 through different stages of its life cycle. However, most of the airpiane parts tend to
include metal, and often the RFID tag or label will be attached to the part giving rise to



electrically conductive, so it wll not support eddy currents in the
presence of a tinme- varying magnetic field. It is noted too that the
proximty of the ferrite material may load the antenna 18 and increase its
i nductance to such a degree that the resonant frequency of 5 the RFID tag 10
wll need to j ed. (Klaus Finkenzeller, RFID Handbook, John Wley &
Son, Ltd., Ch‘ibgﬁg)g{:lié?ﬂ)(w%), pp. 101-102.) A further é)gglg%ig%fméﬁ%ﬁant age of
ferrites is the high electrical resistijyity, on the order of I x 106 Q@ m
conpared to netallic resistivity in the range of I x 10-5to 1 x 10-4 Qm
Because of  AGARLLI DS G ALEILR! Wl uscelid N ch §:cTRUSTL 8L S RIdY
currents are not a factor and consequently the ['0Ss 0 ener&y in 10 eddy
currents is abkgol¢sowoxBrityde 2 pmidortivastiechstdhadls meekbdhilaREpd, themnsgonder s wound

on ferrite got nd _encased .i n.pl,astic .desj t o _ma to and net al
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and tend to be nuch thicker than other materials typically found in an RFID
1

tag. |n partPeUra Baptiecadabsiibat istplpiyelydipt Tenrarmries rraigibedguiat i onal 20

th-iekness agddgdnd Qedi B&xsﬂg&ﬁd@&%y E%@%xeﬁ@l&@ ag}iéaag\éﬁﬁfd?QQMconFaﬁﬁngexanpl €,
if particular parts in an airplane have an RFID taP wth a ferrite shield

atgached to FHermticelss mggghimenginder yehes SecopmbWenagie! avadidd g EREsS r pl ane

mey- af f ect how(,he; RLIdBIANG, Wik TBEGEY TUGEIANSG read an REBOEENGvRAA Al T DUS
propose to use RED | abel's to track elr airplahe parts to inprove

mai nt enance BAE E&EBl.acement services. It is proposed that passive RFID tags

be 25 attached to renovable parts on new jets. The RFID | abels may contain
i nformation stor foBar e Heady ndbedion #t 19 belpredpesdhe Begfasngsaradlas i§ s at t ached

to, for @xaml&ggxsiogg)g gﬂ%&@_ﬂ%@%ﬁ&&& be%@%mxﬂ@gg@] gfattwﬁ&m%p&% country of

origin, date installation and mai ntenance, ~al I nspection information.
Thi s i nf or matdngustivarbidse24 altis reayl b etopmplssbéd iy inserting e neropdugiigénce of  t he

ai rpl anes be . VILGe hi r i d the RFID
Pabel a1t Bosaontl ReBSRYRSRe B b SR RA ol® AR R e
nost of the amiejlambyvepatitsotderttieblect 24 and the RFID tag 10. The physical spacer

increases the distance between the conductors comprising the RFID antenna 18 and the

20 substrate of the conductive object 24. According io the equation referenced below,
H = pl/( 277),

. when the distance r between the RFID antenna 18 and the substrate of the conductive
C object 24 is increased, the magnetic field intensity H is commensurately reduced at the
surface of the conductive object. In this condition, the magnetic field energy coupled to
25 the conductive object is reduced, compared to the case where the RFID tag is directly
adjacent the conductive object 24. However, again, the disadvaniags 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 exampies illustrate the typical

30 thicknesses of nonconductive, nonmaguetic, dielectric physical spacers, such as foam core,



i nclude netal, and often the RFID tag or label will be attached to the part
giving rise to WO 2006/ 124270 PCT/ US2006/ 016796 -10 interference probl ens
di.scussed above. As di scussed above, when the RFID tags or labels are in
close proximty to a conductive object, such as a netal airplane part, there
tends to be iwdsodeignce probl ens, as described above,P@pﬁ%ﬁmk gsRFI D
reader will be unable to successfully read the RFID tag. erefore, there
is a need to provide an RFID tag or |ahel. 5 that hel ps reduce or elimnate
these interference problens when the RFID tag or label is attached to an

ai rpl ane par tpa{)é?}'{%r ip{ﬂ?iﬁ&laﬁiﬁg,lv%tid-h\é?el r¥qt§ﬁ9ﬂo%{1@ﬁ@4§f€?}%§cl§aﬁ@l@it%éladﬁ@gltE herefore

adds relative . e mass to the overa abel . I'n addition, because
ai rpl ane par teondueti stidace fith an Bflét ieeder.c| osel y to hel p streanline the design
of the airplane, there is also a need to provide an RFID tag or | abel that
is relatively thin. The exanples illustrate the typical 10 mass and areal

consi stency density of one exanple of a prior art shield; a shield

cont ai ni ng rﬂhiﬁﬂiﬁﬁﬂﬁéﬁﬁﬁﬁﬁﬂéﬂﬁﬁﬁﬁn a pol ymer binder, such as EccosorbTM
materi al avail able from Emerson & Comi ng, Randol ph, Ma, which is required
to successful |y r &dRER rmf hetpageniinypotan waRiey goped dvetercoma sl ol ut i on

taught in the;Radehe@ st Red @b i gégii'&leﬂ.tﬂﬁ m%’l'gfo?ﬁlgﬁﬁgenp{n(?m gs is 15 to

physically increase the distance tween the RFID tag 10 andlthe vicinity of
t he conduct ilp@udsh eatrogiy layFhihel refages e reguvinpeidshesy typpendkd i ng a
nonconducti v qaloly i RBIRGS 14 I C I e, polymer
film foan1t§6%% or%ggﬁiCgﬁhgnategéévgcﬁg%ﬁg%%%¥ﬁgﬁgga ﬂ%ﬁf%ﬁéo |"ect 24 and
t he RFID tag 0 cofmedphysirchysicslpaaer layarneitheasiegett K& pgfoamnoee bet ween t he

conductors caonprisin he RFI ntenna,-18.and .the 2 trate of the

co ;cti@e 05$£%¥&%ﬂ?j&ﬁ%%?%%%%ﬁ%%mfﬁghégﬁﬁ??:%C?%¥%?§§%%33%§(%%4 H=07/(2
rchy, when t Heoen stilsnete r between the RFID antenna 18 and the substrate of
the conductive object 24 is increased, the magnetic field intensity H's

comrensur at el y r eQuesebodimett theULP tagé 0 of the breseobndmtien walvelbji@at . In this
Ceduced, - comg it ao Rl kEed RSN Bl SR AR B P e
conducti ve obpa@ct a2dhduddonebiest 24.dtfai condutihe otiegddwapbagetaidf, sohingalbppr oach i s
15 (e.g., carbon-fiber based composite), or Hquid (e.g., an aqueous ionic sojution in a boitle),
or any combinations thereof, In one embodiment, the RFID tag 30 1s attached to the
conductive object 24 by a furst layer of adhesive 38. However, the RFID tag 30 may be
attached to the conductive object 24 by any known means iz the art of attaching items to
objeets. The first layer of adhesive 38 is useful for attaching the RFID tag 30 to objects,
20 such as airplane parts, tools, metal bins and racks, and other air, land and, sea
transportation vehicle parts. In Figure 5, the second layer of adhesive 40 is opposite from
( the integrated circuif 20 and antenna 18 on the first major surface 14 of the substrate 12,
- However, in another embodiment, the inteprated circuit 18 and antenna 20 could be on the
secend major surface 16 of the substrate 12 and in contact with the second layer of
25 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 RFTD 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 affached to the first
30 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 opposiie the



the additional thickness that is required by the polyner film foamtape or
other simlar materials to put adequate distance between the RFID tag and
t he conductive object to help reduce or elimnate the interference

probl ens. The exanples illustrate the typical 30 thicknesses of

nonconducti ve, nonmagnetic, dielectric physical spacers, such as foam core,
WD 2006/ 1242700 PETIA¥590061016796 11 paper, or pol ymer PET/US8IS/0¥fTch ar e
required to successful read an RFID tag adjacent a conductive surface with
an RFID reader. I1l. RFID Tag of the Prigsent Invention. 5 The RFID tag of

the present invention was devel oped to overcone sone of the disadvantages
il lustrated abByeior frgectd dhc fepond fayer Redipsivadf loin whectprddeasecorfvent i on

includes a commESite: | Ay shifidhie i SOUEESrHNE MBIRRLIHE:: IaRl drfefagy coupl ed to
the conductive object fromthe RFID tag. e conposite |layer of this

i nvention is %edirgtpagenlgrer 12hiThe Bhlorer ethdbesiers trin pinjast widh the paerdrmyigyers with
equi val ent  RELR pes 5%%&%%& 1A SANARCEIRAL oitﬁ@&nﬁ%?@ﬁd%éo‘?zi ayer is also

| ight in weight conpar ferrite spacers nown 1 n t art. One

enbodi ment _of t hen)RAD f.26 130, Ofis L&ﬁr%pt%{%ﬁ%g;t N SRS shbhpat rated in
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Figure 5. The RFID tag 30 is shown™ attac to an itemwth finite
el ectrical coatdetdispetsyd in adinder. Aslemebboid botitve: mhjregteti2 goncThicegnduct i ve
obj eCt. 24 ”a%m*aﬁraﬁﬁ ¥hgln%1&rgs’tm&91@ mléslal% m%?tilgr}r\;eeteg'ﬂ’a‘c%ahg\gg\?er‘ Iﬂger based
conposite), or Tiqui €e.g., anaqueous 1omc solution 1 a bottle), or any
conbi nat i ons ntitrestmcifurell paroeies reayive di amghape thferniRFI D tag 30 is attached to the
conductive object 24 by a first |ayer of adhesive 38. However, the RFID tag
30 maybe att achetiefembiyhee comdtittdyeed2ohjlelet » Ritkipys yeek Aownd Bams in the art
of attaching,ite t |ect The,f.irst | r..of adhesive,38 is useful for
at t.achi ﬁg thé\}I O&T:Ifq%fe{agg’ @g&tﬂ%oggj%}é’%&,mcé%ess%@;c%éess%t\?eﬁ g%em%%irts, tool s,
me{ al bi ns anBhweeckss coandsiteldyeri2anay be bgridicland, suisbk fortitsantgplet fupdson vehi cl e

parts. In Figure t he cond.l ayer of adhesi 40 i ite from the
i nt egrat ed C%Feéfed?‘b?y’% aéeﬁlcsfgﬁsrll gﬁﬁgg‘f@c’%@ l?yﬁre?%slfs ?ée:‘rfvee%'@g) Pgr@(rbﬁa%ré/mﬂ' of the
substrate 12 MorHawembly, tht meddatshels bawbadidtehind tenimiégiated, kercuit 18 and

?Rt ggﬂ? ag? Smggrhgqsﬁ%lageg ¢ hge Tngf%%gln(%?srﬁ?]sg%’ablg %rfit(’si?n?en%gd p%];potsehe substrate 12 and

15 One example of a preferred binder is polysthylene and its copolymers.
Altematively, a variety of polymers or pelymer blends such as thermoplastic polymers,
thermoplastic elastomers, and thermally activated or accelerated cure polymers may be
used-as binder material. The binder may also be a polymeric or nonpotymeric adhesive.
In some embodiments, the RFID tag 30 may not require additional layers of adhesive 38

20 and 40. Instead, the RFID tag 30 may only include the RFID tag 10 described in reference
to Figure 1 and a layer of adhesive with the microstructured particles or multilayered

flakes dispersed in the layer of adhesive.

The multilayered flakes each comprise at least one layer pair, each layer pair

comprising one thin film crystalline ferromagnetic metal layer adjacent to one thin film

25 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
randemly dispersed in the binder, élthough the flakes are preferably oriented so that the
plane of the thin film layers is substantially parallel to the plane 'of the material,

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

which is preferably in the range from about 25 to about 6000 um. The flake sizes of 2



'~ 25 adhesive. The RFID tag 30 may al so optionally include a liner (not shown)
on the first |layer of adhesive 3 S. Suitable liner materials include

pal yet hyl ene and silicon coated papers. The RFID tag 30 includes the RFID
tag 10, which is described in nore detail in reference to Figure 1. The
RFID tag 10 i sy@tdaehed to a first spacer |ayer 32, pre%?ﬁﬁ%hﬁm%&m a second
| ayer of adhesive 40. However, the RFID tag 10 may be attache 0 the first
30 spacer |ayer 32 by any known neans i.mthe art of attaching itemto obj
ects. The first spacer layer 32 has a first major surface 34 and a second

maj or sur f ace, 369 BPeskt genBrQl‘Fyl MQI%Q%?Q%%J%’%}Z Bcté%% SRAROA DG H Grajod 2 Ti T ST

maj or surface 34. The second | ayer of adhesive IS in contact"with the
second maj ordigfsicadesubsamniellt #e0. b sy Eftebuiion pfthe freREnDaadgedyy Bad t he
first major syrface.s4 the finlSknaSPas ety £ The first layer of
adhesi ve 38 ﬁg fn_c%ﬁig%%mﬁaqﬁ%”%hg éécbﬁg %%%%%?ngg?%ké'%ﬁ of the first
spacer | ayer @Rersivd pefendsuief woke prne phibe Gondudiierengbjegbose@p suBaThe fir st
spacer | ayer - omposit e | i i.ncludes m crostruct.ured
et ol oo ai SRarLB e R ABE B o B PP e L R T S R SR B e
nonconduct i veypialgdemn aht 1t We0, Mmdtnibgtariiact heedrepardly phtedikamehapal Thik ayer ed

fl akes. However he mcr.ostr ucture arti.cl be of ,any shape or
form Prefer ar%?[glﬁlfofivﬁgng%‘?‘?ﬁ@?lg 8“?“&%3&g%gm?eﬁéﬁﬁgé?gg%ﬁeﬂfﬁ&aiﬁg%s bet ween 0, 5
and 5,0 mm fh@oddpheicpheed] Grvableydilvtwit meigimab&pblaridadyer 32 i ncl udes a thi ckness
between 0.5 and 2 Howeve t he conposite | r 3 y he any thickness
suitable for its Fﬁ?%ﬁ@%ﬁ“ﬁ@?ﬁﬁ&é@eg%#@%%?ﬁﬁ%%%*%ﬁ%ﬂgﬁeﬁgﬂﬁg%sity of the
conposi te | ayesfcdRly isthbehyekin D008 1 @0 & 1deshaging wot. 10 10V leycppafserabl y, the

areal density is bft\/\ﬁen 0. 0005 and 0.05 gm mme. However, the conposite
| ayer may be BHGPEES; density suitable for its intended purpose. 15 One

exanple of a preferred binder i ol yethyl ene and its copol rs.

Al ternatively, a &g‘?{%&@a@fﬁm&ﬁ@r{éﬁg%’fpr o Vﬁ%ﬁﬂlﬁ’l%ﬁ%@ Eﬁ%ﬁal “Her nopl astic
pol ymer Is th@mﬁ@@ﬂE RAGInki6 dgéoﬁ&’g@ D§) peﬁﬂéﬁbﬂiﬂledfﬁﬁlﬁésyé@&&lﬂaﬁ@&@ﬂeﬂ?ao@ﬁﬁa er at ed
cure polyners may, be usedas binder material. e_bjnder may al so be a

pol ymeric or %?félbq“?ﬁlé}yﬁ genpgerditqrdhis mY?’?“%‘b%”@lﬁ%@ﬁsﬁ%ﬂet@Fauﬁ%%fﬂWI D tag 30

My not fsequidi@tendeht tol @l antl 364 TOF ARG RREMS R&pas ANt BBainkpstead, the

RFID tag 30 may. only include the RFEID tag 10 described in reference
: 80°% by weight Fe. The alloy may also include other magnetic or nonmagnetic elements

such as Cr, Mo, Cu, and Co, as long as the alloy remains magnetic, Different
ferromagnetic metal layers in the same flake may comprise different alloys.
Dielectric layers 18 may be made of any known relatively non-conduciing
20 dielectric material. Such materials include 810, 810, MgF,, and other refractory
materials, and also may include pelymeric materials such as polyimides. The thickness of

gach dielectric layer 18 is in the range from about 5 to about 100 nm.

C The multilayered flakes are layers of two dissimilar materials. In ons preferred
embodiment, the layers of the multilayered flakes are S102 and Ni(80):Fe(20)

25 {permalloy). In addition, the multilayered flakes are nonuniform throughout their depth,
being alternating thin films of insulator (5i02) 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 Si02 nonmagnetic spacer layer. In contrast, to the prior
art ferrite particles are chemically homogenous and physically uniform throughout the

30 interior of the particle.



to Firgure 1 and a | ayer of adhesive with the mcrostructured particles or
mul tilayered flakes dispersed in the |ayer of adhesive. The nultilayered
flakes each conprise at |east one |ayer pair, each |layer pair conprising
one thin filmcrystalline ferromagnetic netal |ayer adjacent to one thin

film25 diel eqlghg hayer. In the case of flakes having fug.or. npre |ayer
pairs, the layer pairs forma stack of alternating ferronagneti ¢ netal

| ayers and dielectric |layers. Typicallyjs.a dielectric |ayer conprises both
of the outernost |ayers of the stack. The flakes are randomy dispersed in

the binder, alt hoqrgarnatkg&m? %&%g%wﬁﬂmfsﬁS%Q?LﬁG lfgﬁégﬁa%%%ngﬁlg@gﬁct he plane

of the thin filmlayers i antially p lel tot ane of the

mat eri al . 30 1 aid ARedritlaves of thvalziind nmivglom afiubemsiveing p knowmdbipfilme of t he

thin filmlay " i ch Ly | r to about
5000 m  The T aes d oEdtey SRR A s B RS A BE ok Dy Ol ¢y
of fl akes gereplalitgy foprclared methoddisssteter fountbeom cexrtratiing cérvemotdlly maxi num maj or
di mrension to . al zero. The size distribution of t | akes may be
2l tored by ¢ e el S ARl Goord 30 STy B P IRL Sl s DBk "L bt ckness
of the fl akegiescribal in Utth@at. Ho.rfg138,il thic@es-pe ik eutkiadte thoy behéor ptaapie, of the thin

filmlayers, he chosen to suit.a 5.particula | i.cati.gn. . The ratio of
the flake thipgﬁ'}l lg% atpggrf”sﬁeé’v%ﬁf?lﬁ?}?ﬁwddgprﬁéﬁ@ﬁéﬁ%ﬁ?clo ofg ﬁiﬂﬁ%}”m fom 1:6 to
1: 1000, i ndi aakdvadtha rhdcakRaltynaitenting thedbrathlay@hiy mplablzerd ddcag bdposibhaps. Thi s
ratio allows a nmagnetjc. field oriented in the plane of the flakes to
penetrate t héPP8 %?Péaﬁémaéﬂ%fl%{? e ng @&W @6\9&0%‘”% Prpehgn may be

depol ar i pat i dhsefifiAEfonisFReppiRbtidnayer pairs in each flake is preferably at

| east 2, and nore 10 preferably in.the range from2 to about 100. Fl akes
hawtng from 10 toA%%‘ 3SHyEr P&&Pﬁ\{eé hagfing thfcieﬁf?%élmawfoéwﬂ‘éaﬁh&mék P&t Fomagnet i ¢
metal | ayer s refdpl i6Q ta: sobyskakh bfien{afdaranetlq ilkidad pasdide@ye having an
intrinsic direct current ermeability of at least 100 relative to free

DC |
space. Anor pRoHEe équQﬂPsbag &Hﬂ B’g siaederitear et fre heffe M beniaBiE 2are | ess

desi r abl e becGatsentOfsrdal @idins 3RnrL8t §EckGeRhirk Qs 88 BleRuRhle PMLOGESSHayThe al | oy
preferably conprises N Fe containing at nost 80 % by weight Fe. The alloy

may al so'di nclstiier storiskeshaynet féelde sitan e gadts delenipsiisgt §therwise, the stack
is then broken into flakes having a desired maximum size by a method such as grinding in
a hammer mill fitted with an appropriately sized screen. In another method for making
flales, the stack of alternating layers may be deposited on a substrate, which is the same
as, or-compatible with the binder to be used and the entire stack (including the substrate) is
20 then'broken into flakes.
To produce the finished composite, the flakes are then dispersed in the binder
using a suitable method such as blending. The mixture is thereafter formed into a
canfiguration such as a tape, a sleeve, a sheet, a rope, pellets, or a specifically configured
C part by a method such as extrusion, pressing or melding. The configuration may be
25 chosen to suit a particular epplication.
The quantity of flakes dispersed in the composite is preferably about 0.1 10 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
30 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 compoment contributes tb the

interaction with the magnetic field. The magnetic field is concentrated into the composite



such.'as C, Mo, Cu, and Co, as long as the alloy remains magnetic. Different
ferromagnetic nmetal layers in the sanme flake nay conprise different alloys.
Di.el ectric layers 18 may be nmade of any known rel atively non-conducting 20
dielectric material. Such materials include SiO SO, MyF2, and ot her
refractory mavetwalzsz70and al so may i ncl ude pol yneric ch as
pol yi m des. The thickness of each dielectric |ayer 18n?§ﬁ?%a%ﬁg%¥ange from
about 5 to about 100 nm The nmultil ayered fl akes are | ayers of two
dissimlar materials. In one preferred enbodinent, the |ayers of the
nul tilayered ifyJ-Ak@acafieracto@2r BB hadlicb 88 HEL %@Lor%ﬁﬁ(v@@f)}@allsl {¥¥dby | N addition,
the multilayered flakes are nonuniformthroughout their depth, being
alternating t#uEedf i | s of i nsul at or (Si02) and magnetic netal (permalloy).
The netals of the permalloy are netallic, i.e in an unoxidi zed state (O
val ence), The net§W§Pm@¥@sWﬁ?kﬁﬁgﬁﬁ%ﬁmbyh%%ﬁﬁbﬁeF@WPH€WSPﬁ¥@ﬁéﬁWﬁgnet|c
spacer | ayer are
chem cal ly héﬁ%g§%%u§ﬁg§%“b tﬁgqﬁﬁ&sE%?#%%%%%ﬁ?%&gﬁ%ﬁﬁﬁk %k%%nlnterlor of
t he partﬁcleEwmmyﬂﬁOﬁb@@ﬂzﬁmq@ﬁ$wusme@ﬁﬁ@mﬁmQSthmn%mHE&EH&%@SWnay be made

el octric | AYEPLIGY TR GRS PEd WA B Fraowh LOeE P A s Ay a known thin

film deposi tpbﬁ&am@ramhagﬁderwcmﬁsn&b@%&tﬁl@@pm@é@c@mmm feh Okes i-Ber mal
evaporation, sputtering, or atln%§ o preferred nmethod uses el ectron beam
|1'

evapor ati on |ﬁ@§ﬂ%ﬁﬁb@ﬁﬁﬁﬂﬁﬁmP¢”5h% éﬁHW&@UHH@??@%%W@?m&%mﬁ%ﬁ§t|ng a
vacuum conpatybl £ Wehe @Et‘te\f?ep %%&%%&Xwe%ﬁted g«%ﬁl%@ 'vﬁﬁ%é%ﬁﬂﬁfg fRotor at No,
5,083,112 (col's. 4-5), The substraté nay be, exa f yi mde, a

pol yeste1|9 raccaurﬁ@igﬁﬁlﬂ@rdearee amdqrgltb?@ﬁ@p%llayeﬁ% Fhethe prpasepiths f | exi bl e web.
L t(Ts be"e%@ﬂmkﬂﬁﬂmﬁﬁﬁﬂgkﬁﬁékhﬁﬂ Hﬁﬂ%ﬁﬁﬂm%ﬁ@&é?&&ﬁ@ﬁﬁ@ﬁ&éC netal |ayers
dur'ng deposition applying an aligning nagnetic field to the grow ng
films in the pemslshmwf diergeptonturd pachaes iL0posnief bk sdalef mmbsoped this
applications ck i S rodu havi the desired nunber of |ayers,
the stack may~5 g%heré”’r%%gdnalgpe p?rﬁqgcbel?ﬂﬁgi rfjélfeqnnd " fcf”é‘% FYE T hod of
removal i ncl Ux@’s@@sd@@i&%lﬁ@'eiﬂa cti® p@tabateofafeQyer 1aydR §l,). VIIh'EH'E @&ethst ack facing

away fromthe bar, the bar having a
15 energy n the magnetic field in the presence of the composite layer may be expressed &s

the volume integral of the product H-B:
Magnetic field energy € = % [HB dV =% [pH?dV

The magnetic field energy £ is increased in the composite layer 32 in comparison
to the magnetic energy in a similarly dimensioned nonmagnetic spacer, such as Fome-
20 Cor™ material included in the Examples, by a factor that is equal to the average relative
magnetic permeability 1. The net effect of the magnetically permeable composite layer is
C . to confine the magnetic fisld energy and reduce the amoﬁnt 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.

25 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 vsed for applications to bond two

30 objects together by heating the composite using electromagnetic power and bonding the



sufficiently small radius such that the stack delam nates fromthe
substrate. The stack may 15 shatter into flakes having a suitable size as
the stack is delam nating. OQtherwi se, the stack is then broken into fl akes
having a desired maxi num size by a nethod such as grinding in a hanmer mll
fitted wth ‘opriately sized screen. In another nethod f maki ng

fl akes, thewg g@%R%?Balternating | ayers may be deposiFQHU%{Mghg%bstrate,
which is the same as, or conpatible wth the binder to be used and the
entire stack (including the substrate) is 20 then broken into flakes. To

produce the fjni.sh omposite.. the flakes e. then djspersed..n the binder
using a suig%%QEQﬁﬁgﬁglp@ﬁ%ﬁmﬁgnﬁﬁgﬁ 'ﬁ@%m'af$W$§FﬁPehF§WPH32gg ter formed
into a confpregunt atvemion dasclivc@sred ntva pesxpectsl ie@esies afishaletith the roopesitepel | et's, or

a specifically cagnfjgured rt..b nmet hod .such trusion r.essing or
mol di ng.  The EBTIHF ST oRe may- BelsahCRE e T8 St R0 part [ eur s

appl i cat i on.restined frimdibifieyueady ifldndkesiodkshes $Eddznnd hescdipasi te is preferably
about 0,1 to 10 .by V%|UWE, and nore gref rabl¥ aﬁqut 8.3 to 5,% by vol une.
Efficient cSUBPSHYST IRBGREPIEcRs apave "ﬁ*&P%i}“gtn@ TRk e R RPRYCT | akes of
the conposilie atayed mdRcicSshiRhh@¥etiWIED dhiiefdik ckaessrRPMD ke oher ronagneti c

| ayer conponent 3D of the nultil ayered flakes is | ess than t&e skin depth

of "the el ectP¥hEYHEtiEd: Prhetsd metl pUhdiy Aty iphee RaJHRS ReUEHFIY hi ckness of

each ferronmagael kerFRYREIL IROMEAL hSAMErRESSel etiBemajBlieiacki on Wi th the
magnetic field. The nmagnetic field is concentrated into the conposite WO

2006/ 124270 PPETHUSIOOBFOTE706 thecampgsiglarer g HathrHiecelmreerdie Eldin §F  t he magnetic

field wyth Q%u&%gﬁ%fré’[é’,%d@p&uﬁgﬁts b8 ndthRNLBBYin FLdHe8e shbsrhBanpakt i cl es or
fl akes are randomy dlsgersed, t he macroscopi c average of the relative

netic perdBABRIGesEs p hige retiyeedsipaeldont thy B ID3ge, ieaablinin wpwed read vl
rentationyp raY8LAGS Qf RTINS 3gver al conponents of the mcroscopic relative
magnetic perneability tensor ;lk of the mcrostructured particles, taken

together with thggiglateh Vs fRONLd €D %%@@%%Piokﬁ&nxuﬂflclﬁc&% Bldee- . If the
m crostructured particles of miltilayered flakes are oriented or aligned in
t he bi nder, Thhedyet!neer @max badiresrygheahipdto geersesdne 17 e/ arnteme 18d0posi t e
15 example, by lamination. Alternatively, the cover layer 50 may be attached to the substrate
12 and/or antenna 18 by a third layer of adhesive 48, as illustrated in Figure 6. The cover
layer 50 and third layer of adhesive 48 may be useful for attaching the RFID tag 30 fo a
conductive object 24, The cover layer 50 may extend beyond the substrate 12, for
example, it might be a tape that is used to affix the RFID tag 30 to an object. Suitable
20 materials for the cover layer 50 nclude polyester films or papers. Alternatively, the cover
layer 50 and layer of adhesive 48 may be commercially available tape sold by 3M
Company, based in St. Paul. The cover layer 50 may be printed or patterned with
C. 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
23 include a bar code or cther 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 aftach the RFID tag to the
luggage.
30 In another altermnative 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



| ayer 32 may be better represented by a wei ghted average, with weighting

factors 10 accounting for the degree of order in the conposite |ayer 32. For
t he purpose of the follow ng discussion, assume a random di spersion so that
the relative magnetic perneability p of the mcrostructured particles is
represent ed bywazosg@las nunber, and this taken toget helgc%s%awblg%wagneti C
pernmeability b of the binder will conmbine to give a macroscopic relative
magnetic perneability of the spacer layer (4,). In this case, the 15 energy
in the magnetic field in the presence of the conposite |ayer may be

expressed as [Nai W -of e t s bi ' ener E
p mal hﬁm\ag!a%ylﬁﬁ%ag 39(5%@331%&3%& THE %@&fa coﬁaiﬁosné/ﬁgm_ k&ad hthd energy

=1/z j HB dV = /a etic ieldeerg%qulsmcreasedln
&

t he conposi t ey eliffcant jrem horipa pimposite leysr $hevhivh disedribedaberegyoin a similarly
di mensi oned n ' - G - BRLEES Al uded in
t he Exanpl es, bg é&%tgéf:ct% %f&?rﬁ’g%ﬂei@&e%ua§ chgm?ﬁé%\%t; %%ﬂé}g{rﬁ%ﬁ?gt (L/Het}n(?rﬂagneti C
per meabi | i t y mpltilayEied fnlests, b fidktenidfindehmatemied nEei seahdl yormesifrdatiot € conposi t e

| ayer is. to: i t he neilc.field ener a r educ, unt of
ener gy céupl g&%{&%& %t mhﬂ %ndgag% ia%/aé]délﬁ%cso?c%rg e %ﬁ%esr}'gr%%oglﬁettge fllﬁtel?%%ﬁced eddy
current i nductriizon The firfiecmmatiieter Yais agachddac ée secosdidctripngteilayet4drby then  hi gher

signal returned, to the RFI ader.. 25 e. exanmpl f..suitabl.e conposite
Iager 32 s {%ggbaﬁ?roi%%ﬁﬁfl‘§£P§$?grt,l@f’f),f SIved gg%“t%rog%tgﬁﬁc%{d%%r?%sorbi ng
Conposi t e Conpfisoithe @siGpyst layd: bNadfer firarmmgietiice 44 ayesscand cangokied ecti c
Layer, Each Havi Speci fied, Thickness," (Bruzzope et al. which is
he?leby i ncor f8F4 gaﬂ%ﬁfe?“é]fcg?lg?f%gyeﬁ\??ﬁ&ﬂ@# ‘{Tﬁéheéroﬁ‘%f%‘f‘?é)bﬁft%ib?aref erence

t eaches 10t hatoukibeiyer FarRest $22 Thayeind b RQWEIcs ab siahdictghd afdpddBeiyd: or

appl i cations %o,bond twﬁﬂﬁo obg'1 ects_together by heating the conmposite using
el@ct r omagnef't & Dotk Wb HEHED BT ohetAe2806/ 124270 PCT/ U52006/ 016796 - 16

i obl ect s ogethcr ypreans. oL el 0g, Luslog B AdieRl s g, the
af filiated wofhirtshes bemwpas ihbe skditde iesedintindihd) €oreedgnenee batpeai fical ly, the
ventor o scave e (hal, Lof SO, LeQUICLeS, eseLYed g a1 o ! reguency
not opernate asoBmREWeFsaRSsQhHiRAINEY & be ploiSiegathomt BghlieanROsI t e
Figures 7, 8, and 9 illustrate alternative embodiments of the RFID tap 30 of the
present invention. In particular, Figures 7, 8, and 9 illustrate different configurations of
the composite spacer layer 32. In Figure 7, the spacer layer 32 includes a first portion 70
that includes the multilayered flakes 82. The spacer layer 32 also includes an aperture or
20 hole 72. The first portien 70 and the aperture 72 is arranged such that the multayered
flakes 82 in the spacer layer 32 corresponds generally to the shape of the antenna 18.

_ In Figure €, the spacer layer 32 includes a first portion 74 and a second portion 76.
C In the first portion, the binder includes the muttilayered flakes 82. In the second portion
76, the binder dees not include the multilayered flakes 82. Similar to the embodiment
23 illustrated in Figure 7, the position of the multilayered flalkes 82 correspond gensrally 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
30 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,



| ater acts as a magnetic shield material for RFID applications where an RFID
tag is on a conductive object, such as a netal object, thus allow ng the
RFID tag to be successfully read by an RFID reader. In addition, the
i nventor discovered that the nagnetic filed is preferentially concentrated
in the conposiwezdayerry Wth reduced magnetic field in thedfsspagductive
substrate, Eddy currents are not included in the conductive substrate, and
the C RFID reader sees a higher returngd signal fromthe RFID tag, enabling
a successful read of the RFID tag by the RFID reader. As illustrated in

Figure 6, the RFlRi{R%:r3Q:MRYo SlidNBbdsith Bobdl 89e@2GAR oL AYLE BD. The
cover |layer 50 1%g[hbe directly attached to the Substrate 12 and/or antenna

18, for 15 exAHpr elaylﬂiaa%w%%%% arggligpadrvgthi eatigne of the REBY@¥enpalidp 50 may be

attached to trﬂﬁnﬁé&b_ﬁ&é%ﬁe@zaﬁ%?efﬁ&g/ﬂfnha“&%&@@erﬁ%d%né 1R e L%E:teo‘c adhesi ve
48, as illustrated in ure 6. The cover % r 50 and third’layer of

adhesi ve 48 rfﬁ%}ﬁflﬁbm@ﬁ)étﬂwer@ﬂ@ﬁkfaﬂﬂtfa@mf%glai‘ilﬁé B tegdessesio Fewasdntiuct i ve
obj ect 24 Thﬁd@%ﬁ@t‘faté Furd B R Y0 T o BHERD nOEHRY gm}im@ma@eﬁ@ 12, for

exanple, it mght tapet to af RFID tag 30 to an
obj ect. Sui taHﬂV@WQOanﬁatue‘quaf @nﬁmattoh@rd@wﬁ mtayréq:mrsaled 1ch tvdiewpblayest er filns

or papers. a A e 48 may
be conmerci alsﬁagceg\g/%% ?f%?{ere{h gg%o htEJlS SOéjl\ll 1’Z'@olr]rpan ggyeeg p%ﬂ@%gsézpaul . The
cover |ayer 50d whgremamrtmnnseﬂigmdvp‘atatlexsn@ﬂ pmﬁibhofthmﬁﬂﬁ)rmtenm,& for exanple, a

conpany | ogo, an advertisenent, or information about the object 24 to which
the tag 30 is att dchedaidhd therpratee chventibowitbic fothendopcrdpe with regati koyth5 i ncl ude
a bar coge or | resent ti o opti cal
confi rmaﬁl on fo N de%}{ o%ﬁ% ie%ﬁl%p%re aé?p%‘lsﬁﬁ er%’f] %ﬁ%%u%(&a%&g%vagqﬁe cover
| dyer may be spsrufa;mh@ptefmett)MthGm aat tt@oined. ﬁtahaﬂwbamémtodﬂh@mwer | ayer may

be wrapped aney ng.?)hvan%%n%ar{% modﬁfllc t?n%xaglajlf lalef Ddde W)lgqug:mlaim and n'h%nscat t %Ched to

itself to attac ggage arternative
enbodi nent, tthepréEitBreagn30 may i nclude nmul tiple corrp05| t e | ayers. As
illustrated in Figure 6, the RFID tag may include a second conposite |ayer
42, in addition tBertalefthe estnpiobgos iticdR HRyretsp@Rers Mondeveer TexisHestiRiEDs t ag 30 WO
20086/ 1241%70 F(. / zLJJcS %a%?o re%%g}Zy 16clent1tjéat1on Tag-ItT™ HF-1 1SO-15693 (Intemational Standards
Organization) compliant transponder inlays with a 48 millimeter by 48 millimster antenna
available from Texas Instruments, Inc., Dalles, TX. The RFID reader used to read the
RFID transponders in all of the examples was a TEK Protégé-Tungsten™ handheld reader
adapter from TEK Industries, Inc., Vemnon, CT. The TEK Protégé-Tungsten™™ handheld
20 reader adapter from TEK Industries, Inc., was attached per the design selecticn of TEK
Industries to a PalmOne™ Tungsten C personal digital assistant (PDA) available from
_ PalmOne™, Milpitas, CA.
C To establish the readability of the T1 transponders by the TEX Protégé—TungstenTM
handheld reader adapter attached to a PalmOne™ Tungsten C PDA, the TT transponders
25 were read in free space, 1.0., the transponders were not aftached to metal, nor were they
attached to any other RE absorbers. Using the TEK Protégé-Tungsten™™ handheld reader
adapier 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.

30 Then, the TT fransl:}onde:rs were mounted directly on an aluminum plate, 1.e. no set

off distance between the TI transponder and the aluminum plate, nor was there any other
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may i'ncl ude any nunber of conposite Iayers, The second conposite | ayer 42
could be the sane or different fromthe first conposite layer 32, which is
descri bed above. For exanple, the second conposite |ayer 42 may i ncl ude a
different distribution or quantity of nultilayered flakes, or a different

bi nder nat eri aivo:flkez¢s@cond conposite |ayer 42 s InC|Ud§§p§$$%h§%%ﬁHjor
surface 44 and a second maj or surface 46 opposite the first major surface.
The first conposite layer 32 is attachedoto the second conposite |ayer 42 by
the first |ayer of adhesive 38. The first |ayer of adhesive is in contact

with the SeCOMaH@&b@EF]a@Hb&@@@l e TitthGspbidep indSRAGRE iR YR, 3dRNd the first
maj or surface 44 of the second conposite |ayer 42. The second conposite

| ayer 42 is dWF&PH@HSW%eFﬁéﬁéﬁﬁﬁﬁ@gﬁ@§ﬁgﬂpggﬂﬁ@ﬂ'by a 10 fourth layer of
adhesive 52. The second major surface 46 of the second conposite |ayer C 42
is in contact with the fourth layer of adhesive 52. Suitable adhesives for
the |ayers of SYunedys&emggl 40, 48, 52 include a wide range of adhesives
known to those skilled in the art, including, for exanple, those based on
natural rubber, aéfiihiaeermgEtynErales RIBRLYEBpEHEe8 VﬁéP%Fé et sehdff and
pol yol efin 15 g&pﬁw B GySen of ’Pﬁ%’%ﬂs&@n&‘?ﬂﬁ'aﬁh\ﬁﬁnﬁ a"‘té ﬁé%?ov%ﬁlsgﬁcepr eferred in
sone appllcatlons Figures 7, 8, lustrate alternative enbodi nents
of the RFID thsfvesnthefl] Eamepongerandine alpwemlm but|ypt poeatide aoaguratipk ures 7, 8,
and 9 illustrate di tfenenhaes h3t hORS e k€ \#RaGSEy | aver 32.
In Figure 7, t he spacerg)aeegaLg&#nc %d§§m%L Pﬁ5t7%g§?%§Ih78%'?ﬁ§ i ncl udes
t he nultlIayépéadﬁb@ké@ﬂ&@dﬂﬁh@mbpb@@¢HMmyemsgﬁﬁdﬁQﬁEﬁhGWﬂﬂHéﬂa% aperture or
20 hole f2. T J h§fm I r g such t hat
t he nultllayéggd£ Pﬁg B&%%EQ 3&9%%2%?%@%;%?1 ?ﬁgg%onggﬁg%nerally to
ﬂg;shape of Whéﬂ@ﬂﬂ@hm&mi@eOfmeFﬁgmﬂmnﬁwommswsbamENPMEybﬂHBQRfﬁbIudes a
first portio SeeoRd P f n, the
bi nder inclu n%éﬂ%?gm B ayeFé3£%T§?e%g§§fngﬁfﬁgﬁ%E%%a ﬂ%@%%%%% 76, the
bi nder does nwﬂs thenedhwcd bﬁf te tapaltd 4 §Saydlineter by akegli8@er Bicad] Bmet@rt he
enbodi nment 25 sinat t t yer ed
fl akes 82 corf 4%%% ng P&kg%ﬁmFﬁ t%ﬁgb %% f% A@% %n ?Kh#ﬁ Figure 9,
t he spacer | aI;aerSt:iZ}ulsnMDU%Smassfof Mtplmoﬁﬂ&s@m'ﬁ&nawds B79S@m@snd“hpdm@la30n 80.
Both the first nd s ort'ons nclu e. nultlla Hwakes 82. The
first portloi’ V”Qﬁ ggﬁﬁﬁﬁmﬁ%? e%ﬁya t%ﬁl rge 8 pond generally
to only portidosegfeddiBesBhape laminated to the side of the display board opposite the side to

which the transponder had been attached. Using the TEX RFID reader, the transponder

wasread at a distance of up to 53 millimeters measured from the RFID reader.

20
Comparative Example 2
In this comparative example, all elerents were the same as in Comparative
C Example 1 except that the polystyrene display board used as a spacer layer was 2.413
millimeters thick, and thus had a mass of 0.86 grams. Using the TEK RFID reader, the
25 transponder was read at a distance of up to 39 millimeters measured from the RFID reader.

Comparative Examnple 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™
30 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



30 of the antenna 18. In this enbodinent the first portion 78 and second
portion 80 are two individual strips attached to the second nmjor surface
16 of the substrate 12. WD 2006/ 124270 PCT/ US2006/ 016796 18 It is

advant ageous to provide a conposite spacer |ayer 32 where on average, the
pl ane of the mubtddayered flakes 82 are aligned wth theplang,Qfsthe RFID
antenna 18 to mnim.ze demagnetization effects. Further, In t%ese

enbodi ments, |less of the conposite natgrial or nultilayered flakes is
required, making the RFID tag |l ess costly. Figures 7, 8 5 and 9 illustrate

just three passive ﬁd%ﬁftd SUEA RS20 el s‘aﬂgps%séﬁ%e@ﬁ%@%%arh%er 32.
However, any _nunber of conf}%ﬁgﬁuratlons or designs are contenplated so as to

provide a spatBe [-ayere BoliREFE) repter disdwaimondsy wes et 8 BFBNH6F ¥ '8n havi ng
mul til ayer ed spafitinchk@%-Sdred e e ;LAEs portion is aligned with at | east
one portion of the RFID antenna 18. The operation of the present invention
wll be further described with regard to the 10 follow ng detailed

exanpl ess; Thesg.gxanples are offered to further illustrate the various
specific and preferred enbodi ments and techni ques. It should be understood,
however, that melnyhiveneinpleizonspenid layerdif fhe presdnbinsentay wiserserdbad dhevshicke r emai ni ng
W thin the S - Dyen f npl es bel ow,
the RFID traggporﬁge%&%iﬁgg& I%ﬁgg}{l‘sllexéff1 O%I{Gq?yr@ ]lunen%S%e Sf%eff?%r - 1% radi o
frequency i dexrnipld eatitrond Fag thd fﬁwhtﬂléhdetslosme ]lﬁfﬁlgﬁltt(ﬂilmﬂal’llma‘bd kogﬂiﬂler St andar ds

o gam zat On)w1 %%WMIPQS@ETW 81{1‘1)%) ror%ldbl%y ¥? n’l\lglt In?jlrlman sgaacef aEquv%té by 48

mllimeter antenna avall a | as, TX. The
RFI D reader uslddets byacdillineters Rith Btdts] dnspenden it imyab bndoh 1ﬁthmyﬁxa:mfpl es was a

TEK Pr ot ege hel d read adapt.er .from TEK I I nc.,
Vaghon o THET SR R T s TR TR B P Pkt AR B om Tk
| ndustri es chsmpo,sxtanﬁal& s@ictﬂeghedzdp&rcommaﬁteﬁif gm ceep@ed filorspader [ and ndustri es

toaPaInOneM sten ers |ta SISt D vai l able from
Pal mOneTM MI ln%t‘,g eg‘t%%ﬁl PERTERPY %%f&%‘%?‘%ﬁ ‘%‘3‘?08‘%3’“?%"8 TI
t ransponders Eba}mptme Udni¢ ke DEle geMeniys tlenttMpohianetivetd o edigetce atfapber attached

toaPaIrrOwe sten C PDA, transponders 25 were read in free
space, i’e Iﬁﬂﬂjéuu‘?l%&rﬁgﬁwg%g%eﬁﬂﬁdfa 9t t ached to metal, nor were they

Comparative Example 5

In this comparative example, all elements were the same as in Comparative
Example 1 except that the spacer layer was composed of § sheets of plain white 20-pound
20 paper. The plain paper spacer layer comprised of & shests of paper had a thickness of
0.813 millimeters and the length and width dimensions were cut to 55 millimeters by 55
millimeters. The resultant paper spacer layer had a mass of 1.98 grams. Using the TEK
C RE¥ID 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.



attached to any other RF absorbers. Using the TEK Protegd- Tungst enTM

handhel d reader adapter attached to a Pal nOneTM Tungsten C PDA, hereinafter
referred to as the TEK RFID reader, the Tl transponders were read at a

di stance of up to 112 mllinmeters neasured fromthe RFID reader. 30 Then,
the TI transpowdenwsiawgpre nounted directly on an al um nuprpliab®Runishose. NO set
of f di stance between the Tl transponder and the al um num plate, nor was
there any other WD 20061124270 PCT/ US20£6/ 016796 -19 RF absorbers pl aced
between the TI transponder and the alum num plate, and the Tl transponders
were not readable using the TEK RFID reader. Conparative Exanple 1 5 For
this Con‘paraﬁ_' ve ex a polystyrene display hoard s.used _as-a set off
spacer Iayerﬁbet weeh the TI transpondéretand an” al ufri nurh pl at e t &#t ovi de

di stance befween the Tl ¥@fAsponder Witk the al umi hum EI atwal bLRagey provide
a confi gurat i SIRHF | whi chletie T1 t 1 Birspoineier eisesaf Mesad Deeity he 81 umi num
plate. The tranm¥ponder Wepsirafips xed| the |di §pPay| MBar|dewima ) h&eH spl ay
board in turmpwas affixed to the alumnumplate as! 10 flollows, v
doubl e- si ded | adfksi Vv eFdiapenr amatiiabl e 56 ko IM TOfpahy.79 $tO.5%E | BN, | C was

| ami nat ed to|th€2 si deFdfe-tdaemibrid r anspander| oppidsi | €.86 He). Wt ipdh whi ch t he
RFID i ntegrat eds cir cukfoids @hd 1 Xed.sikRe TT - t9anspesder: sakid? [ heo doubl e

si ded adhesi ye tape| was  hem adhered by tHe tape to a|55 mlljnmeter by 55

mllineter pirece of | Fome:{dLer PRYFIYTENE dispiay poard 5708 nfITineters
thick available from Al.can;( psities USAI15 Inc., St. Louis,| MO The nass
of this pi ecqﬁ ofy dijspl'ay board was 1.Sgg59rdm3@ gl‘ghe gi4§dLl(p%xldaaoargowith

att ached tr agspprder was thenmattathed o gn- gk amnr it ngy 3MIM

doubl e- si ded adgrf)ebi lve ‘TaTF}é}bEtm'Tnat :ﬁr'ggéls?ﬂ'ﬁi T(?.%]'é unL lt? e >|551p a UaTng

0 p%‘site the side to which the transponder had been attached. Using the TEK
RF reader, the f : i L 3oyl limeters
measured fromthe %%ﬁ%@?@gﬁ@e{e- M%mé%%gér?%? ?b\;}gé é&%ﬁ%%ﬂsﬁndﬁinﬁo gonpar ative
exanpl e, al | oskerrerisie er ef thhpesaimeycasoniand GHirpkp atendective surface were

5 readable at a comparable read range to RFID transponders mounted on prior art shield

layer materials, such as Eccosorb™ material, that was also affixed 1o a conductive surface.
The composite layer of the present invention included a comparable thickness, but
approximately one third the mass, compared to the Eccosorb™ material. Further, RFID
transponders mounted on a composite layer of the present invention and affixed to a

10 conductive surface provided a comparable read range to an RFID transponder mounted on
spacer layer materials, such as Fome-Cor™ material that was also affixed to a conductive
surface. The composite layer of the present invention inchided a slightly higher mass, but

a significantly lower thickness, compared to the Fome-Cor™ material.

C The tests and test results described above are intended solely to be illustrative,
15 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
embediments thereof. The foregoing detailed description and examples have been given
for clarity of understanding only. No unnecessary limitations are to be understood

20 therefrom. All patents and patent applications cited herein are heraby incorporated by
reference. It will be apparent to those skiiled in the art that many changes can be made in

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



- Exanple | except that the polystyrene drsplay board used as a spacer |ayer
was 2.413 mllinmeters thick, and thus had a nass of 0.86 grans. Using the
TEK RFID reader, the 25 transponder was read at a distance of up to 39
mllimeters measured fromthe RFID reader. Conparative Exanple 3 In this
conpar ati ve ejxdnitegzi2tthe spacer |ayer was a 0.991 m || igmeteivd oK | ayer of
iron filled silicone polyner magnetic absorber avail abl e under the tradenane
of Eccosorb"" 30 GDS material from Emgg€son & Cumi ng, Randol ph, Ma. The

|l ength and width of the nagnetic absorber |ayer was 51 millineters by 51
mllinmeters amde frakk paesafasxszeﬂton@hc&ﬂi noffbsimited Thige &panispinae simnandest he

att achnent f .trans er to the magn WO 200 124270
PCTIUS2006101 ’3“6‘1 Beroipy i g‘?%téy e e PR AT B Cg@? & {?HWE PEAE &P the same
as descri bed ticrqGampanathbxatuddxanpl e 1. Using the TEK RFI D reader, the
transponder was read at a distance of up to 39 mllineters nmeasured from
the RFID reader. 5 Exanple 4 In this exanple, a conposite |ayer of the
present invention was used as the spacer layer. The mcro structured
particlesconposite |ayer used as the spacer layer in this exanple was
formed fromtwo thinner sheets of the conposite film|lam nated together

with 3MI'M Post -1 TTM doubl e-si ded adhesi ve tape. The resultant spacer | ayer
was 55 10 millineters by 55 mllineters with a total thickness (two film

| ayers and an interlayer tape |layer) of 0.813 mllimeters and a nmass of
2.49 granms. The transponder was attached to the conposite film spacer |ayer
and the conbi nation of the conposite filmspacer |ayer and transponder were
in turn attached to the alum numplate as set forth in Conparative Exanple
1. Using the TEK RFID reader, the transponder was read at a distance of up

tq’ 15 40 mllineters neasured fromthe RFID reader. Conparative Exanple 5
InTthis conparative exanple, all elenents were the sane as in Conparative
Exanpl e | except that the spacer |ayer was conposed of 8 sheets of plain
white 20-pound 20 paper. The plain paper spacer |ayer conprised of 8 sheets
of paper had a thickness of

%



e L oA i

0.813 mllinmeters and the length and wi dth di nensions were cut to 55
mllimeters by 55 mllineters. The resultant paper spacer |ayer had a nass
of 1.98 grans. Using the TEK RFID reader, the transponder was read at a

di stance of up to 20 mllineters nmeasured from the RFID reader, 25 The
results of the transponder read ranges relative to the type of spacer |ayer
used over a nmetal surface in each of thg above exanples is set forth in the
foll owi ng Table. WO 2006/ 124270 PCTI'US20061016796 -21 Length Read Spacer
Wdth Areal Range Exanple Layer Di nensions Thi ckness Mass Density on No.
Construction (mm (m) (gr) (gmm) Mtal (mm d Fone-Cor' "material 55 X
55 5.080 1.79 0.59x10- 53 39 C2 Fome-Cor'"material 55 x 55 2.413 0.86
0.28xl1 O3 C3 Eccosorb” GDS 51 x 51 0.991 6,89 2.65x10" 39 nmaterial
conposite layer of the present invengi %r} 4 55 x 55 0.813 2.49 0.82x10-3 40
CS Pa er 55 x 55 0.813 1.98 0.65x10- denoted by the results presented
in the above table, RFID transponders nounted on a conposite |ayer of the
present invention and affixed to a conductive surface were 5 readable at a
conparabl e read range to RFID transponders nounted on prior art shield

| ayer materials, such as EccosorbTM material, that was also affixed to a
conduct i ve $laifrdlce. The conposite | Ayslio frequency jdemifimation (fRETDT)org, coroprisis a

conpar abl e thi ck :5' gﬁstrﬁ%;i{:ﬁggigg rﬁ%%ﬁ&' erfQ&%nE 0L Snl Q%j&%ﬁ&ace%%&% ol 4. the

Eccosor bTM nat er
major sutface;

an antenna attached to the first major surface of the
substrate;
an integrated circuit attached to the antenna; and
| a first composite laye;.r including a first méjor surface and a second major surface opposite

the first major surface, wherein the first composite Iayer is attached to the second major surface
of the substrate, wherein the first composite layer comprises:

binder; and

a plurality of multilayered flakes dispersed in the binder, the multilayered flakes

coroprising two to about 100 layer pairs, each layer pair comprising: one

crystalline ferromagnetic metal layer adjacent to one dielectric layer, wherein the

layer pairs form a stack of alterating fexrormagnetic metal Iayers and dielectric

layers.

Claim 2 The RFID tag of claim 1, wherein the ferromagnetic metal layer is thinner
than its skin depth.

Claim 3 The RFID tag of claim 1, wherein the dielactric layer has a thickness of
about 5 to about 100 nm.

. Claim 4 The RFID tag of claim 1, wherein the first cornposite fayer includes a
thickness of between 0.5 and 5.0 mm,



transponders nmounted on a conposite | ayer of the present invention and
affixed to a 10 conductive surface provided a conparable read range to an
RFI D transponder nmounted on spacer |layer materials, such as Fome- Cor TM
material that was also affixed to a conductive surface. The conposite | aye
of* the present invention included a slightly higher nmass, but a
significantly | ower thickness, conpared to the Fone-CorTM material. The '
tests and test results described above“are intended solely to be

illustrati \éi‘ﬂmb%S rather thap_predictjve, and variations in the testin
procedur e expect edTP’BRyﬁ%F"@C’f ary & whpreip ghe gomposieayss teedudes 4 #6dnt i on
has now be@pnsiio € bétRRen Blobby &&f ®1 gﬁgﬁmz_o several enbodi ments thereof. The

e

foregoing detailed description an xanpl es have been given for clarity of
under standi ng only. No unnecessary limtations are to be understood 20

t her ef rom . atents an i cati it '

i ncor por at ggéll%'ydo referencgﬁpﬁrﬁ\%&g%@g‘éngg’p@%gﬁ{‘ﬂco& oglée%g%r?{’lgggﬁ%%\g@%aét art
t hat nany othastgesofthe chapodiddayenatidchal te nfircdeomdngotsfacd ditHe nibkipnelt

departing fromthe scope of the invention. Thus, the WD 2006/ 124270

PCT/ US2006f 016796 22 scope of the present invention should not be limted

to the exachigiet ai | s and ¥he REID/@Sf cHis € WHkesn (R RmposikUbyd: dichates By the
structures descri bed b{het he | anguage of the clainms, and the equival ents of

those st r udPivgs Whereinpthe aperiyr/oresppnds geggrlydp dershappiitbeantendat i fi cati on

("RUM'} tag, conprising: a substrate including a first major surface and a

second maj or surface opposite the first nmajor surface; an antenna attached

to the fir&laimdj or surfacEhoRFEhiag of dbis i.avhereintheicompgsitetlaybr dctudes ¢ fimt t ached

Lo gl he ant RARs o808 Bohd bikighOPRASE ook S b ins febbishy EhSLnabetf 20
the antenna, and wherein the first portion comprises the binder and the plurality of multilayered

flakes dispersed in the binder, wherein the second portion comprises only binder,

Claim 9 The RFID tag of claim 1, further comptising a first layer of adhesive
attached to the second major surface of the composite layer.

Clajm 10 The RFID tag of clalm 9, wherein the first layer of adbesive attaches the

radio frequency identification tag to a metal or other conductive surface.

Claim 11 The RFID tag of claim 9, further comprising a second layer of adhesive
attaching the second major surface of the substrate to the first major surface of the composite
Jayer.

Claim 12 The RFID tag of claim 1, further comprising a cover layer attached to the

subsfrate and the composite layer.

Claim 13 The RFID tag of claim 12, further comprising a third layer of adhesive

between the cover layer and the substrate.



the first major surface, wherein the first conposite layer is attached to
the second ngjor surface of the substrate, wherein the first conposite

| ayer conprises: binder; and a plurality of nmultilayered flakes dispersed in
t he binder, the nultllayered fl akes conprising two to about 100 | ayer

pairs, each | ayer pair conprising: one crystalline ferromagnetic netal

| ayer adjacent to one dielectric |ayer, mhereln the layer pairs forma
stack of alternating ferromagnetic neté% | ayers and dielectric |ayers.

Claim?2 Th RFI tag of ¢ wherein the ferronmagnetic netal |ayer is

t hi nner skin deﬁﬁ%éﬂ%ﬁfé‘lajﬂﬂé Rphes @Hﬁ’rﬁg‘gélsﬁ%ﬁlﬂ@m%fg YA t he
di el ectri C nl.u'ﬂx)/cﬁﬁg HEsst ﬁna’j&]"sﬁi‘fﬂ&%%dgfsecoﬁﬁ(ﬂi& or@u&&e%? te Yhrs i njofduphatld, 4 The
RED tag of claim1l, wherein the first conposite | ayer incl udesl t hi ckness

of bet ween Whesinihg secapdipamposite laxgr i atashedite thrmend aguq:fsuﬁmmﬁlrp firgireompbsitet he
conposi te Ih%g e&%k@%?cﬂ@cﬁﬁéﬁcwgﬁ?%ﬁy Qf. between 0.0001 and 0.1 gm me.

Claim6 The rel n %e conposite |ayer conprises at
| east two strips of bhidenamdrpom te Iayer attached to the second mgj or

Compost te | ayer i nel BRUELY o plfvd Sgrcyieined e Bl e Gl Ep Rifes

generally to the shapem siﬁgﬁvna@ta@amooﬁyawau@ ehblelallr daid ghpaibingl gem 1,
wherein the conposite, ayer includes a first, portion and ,a second

portion, wherein thecHealing ﬁmmmau%ﬁqﬂelﬁmﬁé@crgémrm%}ew Joyre, whesgia thet
the antenna, and Vmelaghrgbiu@? &Lé %cl@&fratlthﬁ "ﬁ§5§ gﬁta@lx&hgﬁ&né‘ﬂﬁld:@i@

plurality of nmultila es di sperse erein th
second portion conprl%ﬂa§ only binder. Caim?9 The RFID tag of claim1,
further conprising a first |ayer of adhesive attached to the second mgjor
surface of the conposite layer. Claim10 The RFID tag of claim9, wherein

the first Chaymrisof adhesi Vhe REIERDgeS clalie 14, faxdhed comprisians Yous it dnfer 6f wibésivan t ag
to a metal at archlontgq_ﬁé se%gx? :%%}olr \égrfasclér ;ﬁneeﬁrst composite layer to the first major surface of the

second composite layer,

Claim 16 The RFID tag of claim 15, wherein the fourth layer of adhesive attaches
the RFID tag to & metal or other conductive surface.

Claim 17 A metal airplane part or tool in combination with the RFID ‘
tag of claim 1, wherein the RFID tag is attached to the airplane part or tool, and wherein the
RFID tag is readable by an interrogator within a read range of at least 40

mm.



L

Claim 1l The RFID tag of claim9, further conprising a second | ayer of
adhesi ve attaching the second najor surface of the substrate to the first
maj or surface of the conposite layer. Claim12 The RFID tag of claiml,
further conprising a cover |layer attached to the substrate and the
coimposite layer. Claim 13 The RFID tag. of claim 12, further conprising a
third |l ayer of adhesive between the c%ver | ayer and the substrate. -25-
Claim 14 The RFID tag of claiml1, furt 8 conprising a second conposite
layer including a first major surface and a second major surface opposite
the first f#BrEsurface, wherein thAdadiefeqnenidpuificeton FRFD stagfarashend to
t he second i i copposite | ayer, wherein the second
conposite aye?ggt%g%é@ggg@egyﬁgcg%’;&gﬁg gg;BI urality of multilayered fl akes

di spersed in t hes@histrdsrincludiog adirst miajorendate fand k egcond orjer iswifarg oppasite thedbetut
100 | ayer %i.or St gc%gh | ayer pair conprising; one crystalline ferromagnetic
netal | ayer 5&] arcfent to one dielectric |layer, wherein the l|ayer pairs form
a stack of alternating ferromagneti caniiténa aitybed ioxnelfieks flape biirfae of Bger s.
Claim15 The REIA tag of claim 14, further conprising a fourth | ayer of
adhesi ve athsHalg; ng the second major surface of the first conposite |layer to
the first major PR Ed g ike layer. Caim16 The RFID
tag of claim 15?§%Jerei n&%ﬁ%ﬂ@gﬁl&?ﬁ@?ﬁ agfrem(})%ﬁg%hesi ve attaches the RFID tag
to a metal or o8 ftst coppoiictiayeeinsindg irstanajpnyutfacyandat sstonslimajbruefagrenpposite

ot tached t SuRe o fiiade, ot sk BBl el e O S b B )
by an i nt epf thgadistrate) wheminethe fisstlcomapgie biyeradonlpeiasst 40 mm -26- Caim 18 A
radi o frequency i denlt)iin}‘iér(;:gé‘j on ("RFSD') tag for use on.
a plurality of multilayered flakes dispersed in the binder, the multilayered flakes
comprising two to about 100 layer pairs, each layer pair comprising: one
crystalline ferromagnetic metal layer adjacent to one dielectric layer, wherein the
layer pairs form a stack of alternating ferromagnetic metal layers and dielectric
layers;
wherein the radio-frequency identification tag is attached to the metal or other conductive
surface, and
wherein the radio frequency identification tag is readable by an

interrogator within a read range of at least 40 mm from the radio frequericy identification tag,

Claim 19 The method of claim 18, wherein the ferromagnetic metal layer is thinner
than its skin depth.
Claim 20 The method of claim 18, wherein the diclectric layer has a thickness of

about 5 to 100 nm.

Claim 21 The RFID tag of claim 18, wherein the first composite layer includes 2
thickness of 0.5 and 5.0 .



metal or other conductive surfaces, conprising: a substrate including a
first major surface and a second maj or surface opposite the first major
surface; an antenna attached to the first major surface of the substrate;
an integrated circuit attached to the antenna; and a first conposite |ayer
including a first major surface and a second major surface opposite the
first major surface, wherein the first cggnposite layer is attached to the
second maj or surface of the substrate, wherein the first conposite |ayer
conprises: bimgepz and a pliheHFDYaOIf Aamntls] RHQERAhd todlRsitdiasRensedds b alelie
binder, the multil ayered flakes _conprising two to about 100 |ayer pairs,
each |ayer piusityefbsrresn Q004384 Odgimm| i ne ferronmagnetic metal |ayer

adj acent to one dielectric |ayer, wherein the |layer pairs forma stack of
alternating feiiomgtetic netal |ayers and dielectric |ayers; wherein the
radi o- f requedeim 2¥ent i f i catThe RERdag of claimd8hwhertia thdwepmpositd layar cotmprses at least

conductive surface,.and rein the radi Teguency identificati tag is
r eadabl e by R strrpﬁtogp}cocam\gégxtﬁa?%aﬂac&a&goﬁe %%Fﬂ@‘gmﬁdﬁ‘i%l"%at{“ @35#%% romt he
radio frequency identification tag. Caim19 The nmethod of claim 18,

wherein the ferromagnetic rﬁtﬁal layer is thinner, than its skin depth. Caim
20 The net hdd®® 241 ai m 18, &FIR tag of Slajip dBowherpin thegampopitalageringledep @t s of

about 5 to Jag&nﬂmwﬂrah%@ﬂpeﬁhﬁ Bﬁédaohéﬁgcﬁéraﬁ}ﬁimilﬁpe ¥heE Shiandae first
conposite |layer includes a” thickness of 0.5 and 5.0'mm _27_ Cdaim22 The
RFID tag of claimi S, wherein the conposite |ayer includes an areal density

of bet ween Q000ds and 0. 1 Gl REk fd i 15, WierE R dbosc G} ifBrdls o G o1 1

t he conposite yer conprises at
portion and a second portion, wherein the second portion corresponds generally to the shape of

. the anterma, and wherein the first portion contprises the binder and the plurality of multilayered
flakes dispersed in the binder, wherein the second portion comprises only binder.

Claim 26 - The RFID tag of claim 18, further comprising a first Jayer of adhesive

attached to the sccond major surface of the composite layer.

Claim 27 The RFID tag of claim 26, wherein the first layer of adhesive atiaches the
radio frequency identification tag to a metal or other conductive surface.

Claim 28 The RFID tag of claim 26, further comprising a second layer of adhesive

attaching the second major surface of the substrate to the first major surface of the composite
layer.
Claim 29 The RFID tag of ¢laim 18, further comprising & cover layer attached to the

substrate and the composite layer. '

Claim 30 The RFID tag of claim 29, forther comprising a third layer of adhesive

between the cover layer and the substrate.



two strips of the conposite |ayer attached to the second major surface of
the substrate. Caim24 The RFID tag of claim 18, wherein the conposite

| ayer includes an aperture, wherein the aperture corresponds generally to

t he shape of the antenna. Claim25 The RFID tag of claim 18, wherein the
conposite layer includes a first portion and a second portion, wherein the.
second portion corresponds generally t o, he shape of the antenna, and
wherein the first portion conprises the binder and the plurality of

mul tilayered_ . flakes dispersed in the binder, wherein the second portion
conpri ses oflgimgilnder. O aifhs REIDr#8 oRFrin 18 durdier eprapisings serpfd MEPOBIEIAYY si ng

a first |ay %dﬁg -od SHEN i e
conposite | g{%rﬂfm ai ﬁmhég”?ﬁ’gg%%gf%“%‘?‘%g?a| m gg vs\ﬁéetrhg#lgtt gorg ?l}fé%g’ | ayer
of adhesi ve vétteircthe sedphé compakite ldyerigatahed todbe secbid sajon surfang of the &rstetraposize

ot her conductive.surface. C.aim28 The REID tag of claim26, further

conpri si ng Ygfeggﬁﬁn}%gffmgficg{&ﬂ%%tf o SMPISF ng t he second maj or surface of
the substrate to the find&t asj or surface of the conposite layer. Claim29
The RPID tag of claim 18, further conprising a cover |ayer attached to the

I
substrate and the conpBSFally phppalilayesed flakeseisparsedin thy bigferothe ayuiilayepe fiakes
further conprising a gﬂ:ﬁrﬁiﬂﬁ%‘iﬁrto%o@%@ﬁ&&?fahg%&?ﬁ%wﬁ06:9 ﬁsriné;%}i@r, and

the substrate. 28 alm he RFID ta alm urther Conprising a

second conposite | ayeerystaliise tmnongtgaetfcim@al%mr ediacsot ase dishginis laysaovigreimpher
surface opposite the {i Bl f i L

| ayer is attached to {akéeﬁ’tsagggéré?ran%%r&gﬁ?r?aat}g%%%&rp?@gﬁ? %ggp@genr}%%s@@%haﬁ%yer,
wherein the second colapersi te | ayer conprises: binder; and a plurality of
multilayered fl akes dispersed in the binder, the nultilayered fl akes
conprising two to about 100 | ayer pairs, each |layer -pair conprising; one
crystal | i necfaqngmagnet i ¢ TR RIFID @Y 6f claid] 3G Bitthet SordR@idh Lio87A liy6r dfAMRsive

wherein the layer pairs forma_stack of alternating ferromagnetic netal
| ayers and #ftachisgths secondmpajpgsurface of the first composite layerto the first major sutface of the

second composite layer.

Claim 33 The RFID tag of claim 32, wherein the fourth layer of adbesive attaches
the RFID tag to a metal or other conductive surface. '

Claim 34 A metal aixplane part or tool in combination with the RFID tag of claim
18, wherein the RFID tag is attached to the airplane patt or tool, and wherein an interrogator may
read the RFID tag within a read range of at Jeast 40 mm.



Claim32 The RED tag of claim 31, further conprising a fourth |ayer of
adhesi ve attaching the second najor surface of the first conposite |ayer to
the first nmajor surface of the second conposite layer. Caim33 The RFID
tag of claim 32, wherein the fourth | ayer of adhesive attaches the RFID tag
to a netal or other conductive surface. Claim 34 A netal airplane part or
tool in conbination with the RFIl) tag ofy.claim 18, wherein the RFID tag is
attached to the airplane part or tool, and wherein an interrogator nm r ead

y

the RFID tagyu.t4d n a read,r +l 298t g Wil ﬁ:ﬂd ‘R’ﬁﬁ"s}) d
of manuf act g:rlé?ﬂ?\lg:’}ya radi o fﬁe%%gﬁ%ég? entit Eaa#?‘gwgﬁﬁégide ag,aﬁblzgrrprl |tt

t he steps ofomprizsing thesgpaofubstrate containing art antenna on at | east one
surface of the substrate., attaching an integrated circuif to the antenna,
rovi di ng. aPPVIGRE & SHBEECanP IS on A PH Y 1t PESERE SrSHPIA and a
second_ ma| oanmﬁmrgfa@qgteg@mmﬁttmefaﬂeﬁﬂa; ma| or surface, wherein the first
conposite layer Is attached to the second major surface of the substrate,

wherein the firsPoFslingaist compasite dayrpincluding a fisst mepiqr. sutfpgs and 8iseqoRfl MMayor of

il titayered flakemcdbopRi@ et Ak hijer HAES wheleithgHid bbAYRIE skl B4R hed to
conprising two to abo 100 layer “pairs, each layer palt conprising; one
crystal line ferrtasgeoadinajorsuefacd ofythe substrtievdicrein the firsticompegitedayier comprinks:

| ayer is thi:%ﬁgr[ mgcran its skin depth, adjacent to one dielectric |ayer,
wherein the drefectiric layer has a thickness of about 5 to about 100 mu; and
wher ei n t hea plvaality opmtttiafepsdfiskesHiagdtsediin thetbiridan thenguitityye et dighsicomptisihgive

| ayers and di Iec@qic Iaﬁers; algd att achi nﬁ the first, c?rgposite, I aé/‘gr to the
substrate offfbOPYIPUIR¥eT FAts FAC a¥RT Pajf cogpPUine) ong piyeialline ferfomagnetic metal layer,

wherein the ferromagnetic metal Iayer is thinner than its skin depth, adjacent to one dielectric

layer, wherein the dielectric layer has a thickness of about 5 to about 100 nm; and wherein the
layer pairs form a stack of altetnating ferromagnetic metal layers and dielectric layers; and
attaching the first composite layer to the substrate opposite the antenna and integrated

circnit,



