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TECHNI CAL FI ELD 10 The present invention relates to a tanper-indicating
radio frequency identification device nade of densified netal powder and to
.a'sticker WQ204@61i62 t he sane antenna. The present i nvemGUHSHWEG494| ates to
radio frequency identification antenna nade of densified netal powder and
to a sticker including the sane antenna. The present invention also relates
to methods of indicating that a radio frequency identification antenna or
sticker has 15 been tanpered with. BACKGROUND OF THE | NVENTI ON Radi o
frequency identification technolo has become widely used in virtually
every industry, including trpaWMBE&IMWCMJNGaBFWAMTE\%Me nmanagenent ,
"postal 20 tracking, airline baggage reconciliation, and hi ghway toll
managenent. An RFD) system is made up of two components, the transponder
and the interrogator or reader. The essential conponents of a transponder
are the data carrying device - generally referred to as an integrated
circuit or an electronic microchip, and a coupling element - such as an

ant enna. Arég@@f@ﬂﬂﬁﬁlﬁhat contains its own power supply, generally a
battery, i n active tag, while a transponder that does not
contagn its ovahpmentsuma:ltmmrslaﬂemwmtaamer-mdmﬂngmiub agquenty aleatificatiohabel .
The interrogator or _reader contains adi o, frequency nodul e (transmtter

and r ecei visvce made ghdsnsificdnstalpayder e 1913 Stigken BrEdng heysmepnteina . Thoner
and data ngg&&éaﬂﬂﬁeen%h%%f}eﬁa{&@ 16 faaimgc{ﬁé{%%y fa%bﬁ% oh %t%ﬁxfaqga;e%f Rhgnashi eved
S n radl o

t hrough negneti'c or electromagnetic exanpl e
frequency mdelrpdﬂdbr:atd ton sickalietludiag tiessatres@ttnna 'DhéSpreEmit @nentiddoals®, 121, 880

(3601 ot Bkt SioBhAhed sl B B os e g el ™

such,as a yeehtold redVVnr&gSh' el d, incl ud| ng a RFID transponder enabling the
storage and retrieval of vehi cle related data. The sticker t ransponder
conprises a erX| ble circuit substrate having an 35 antenna fornmed thereon

and a ”arﬁk&%ﬁ{oﬁﬁ&cﬂ#‘r}fﬁﬁ@\?ﬁﬁ%% the substrate and coupled to -1

Radio frequency identification technology has become widely used in virtually

every industry, including transportation, manufacturing, waste mana‘gemeﬁt, postal -

20 tracking, airline baggage reconciliation, and highway toll management. An RFID system
1s made up of two components, the transponder and the interrogator or reader. The
essential components of a transponder are the data carrying device - generally referred to
as an integrated circuit or an electronic microchip, and a coupling element - such as an
antenna. A transponder that contains its own power supply, generally a battery, is know as

- 25 an active tag, while a transponder that does not contain its own power supply is known as
a passive tag, sticker or label. The interrogator or reader contains a radio frequency
module (transmitter and receiver), a control unit and a coupling element - an antenna.
Power and data exchange between the transponder and the interrogator are achieved
thrbugh magnetic or electromagnetic fields.

30 An example of a radio frequency identification sticker is disclosed in U.S. Patent
No. 6,121,880 (Scott et al.), “Sticker Transponder for Use on Glass Surface.” This patent
discloses a sticker transponder adapted to be affixed to a glass surface, such as a vehicle
windshield, inclnding a RFID transponder enabling the storage and retrieval of vehicle
related data. The sticker transponder comprises a flexible circuit substrate having an

35 antenna formed thereon and a transponder circuit disposed on the substrate and coupled to
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WO 2004/ 061762 PCT/ US2003/ 034921 the antenna. An adhesive |ayer is coupled
to a first surface of the flexible circuit substrate. An indicia |ayer is

coupl ed t ng surface of the flexible circuit opp _ e first
QPbligand PRI f

surface. cla layer conprises a space permtting rndicla

printed thereon. The antenna has a characteristic inpedance defined in part
by a dielectric constant of the 5 glass surface. As a result, a proper

i npedancetheahinheAneadiesivedayen isouuplednol a fifs sutfacand tenitedible cirew subkisatachi eved
only when the sticker is affixed to the glass syrface. The  sticker

t r anspondép maieiafasier BERPPIEd &y2 secopt surdace Iofﬁlérﬂ l{’Il‘? QEL PPOFE éi‘éfﬁé%q ve |ayer,

the rele r gchéﬁl ?%}hﬁ

transpondg?s?fd&%g' TP?I xeéasﬁggfc F gﬂﬁg% ctéﬁlg‘}lﬁcg&tg‘rtghégﬁn% circuit
further i Tht mﬁexmaa]asrenbm'yct&asmnglpadamadefmwﬂyn pé;@bpardﬁelmnamhsamt efthei t abl e
portion. An exanpl e of a tanper indicating radio frequency identification

| abeP is Blasciusiaey As proset; @IBP?IGWPWCW@@WWBA@ ?%?Iki@raﬂlérﬁl)e "A Tanper
I nd
1t g EL RO G LGRSO hco TR BUELIEOL R,

coupl ed t gndkblemﬁzﬁp@ldeoﬁpmesmﬁpnsﬁba rél@ﬁﬁhﬁeﬁﬂfﬁﬁdﬁ tbShes dhighidle Dees @St r uct ed
froma destructible conducting path. Additionally, the tanper rack can be

formed sutheashhperibeingselgaiederemgyahletty penrybibe 3ﬁ1‘§<ef HARPPBEE! to he affixed to
nbod dapt d
Co break s PV AREcRL TRIRAAEHRN ki clnet PELUAPREpbEREN b b dpf, TR ©)

r enngal fpmmibﬂﬁnd)breewhtablﬁ'@rﬁﬁl_D conponents may retain their RF capabili ty
and detect when the tamper track (102) has 20 been damaged to_ indicate that

the | abel has De&namplgeépsanpenindcatingiradio freqpaney Rieptificatippdahl i&%}scé@sedhe RFI D

Canper | ng ™ Ok RATHHET PEOIMTERSA LR SRR A Taffer BpR AR e IRBLER. T
provi des hehtfigseion atk1CaThis gubletition fdiselpseaciybel ivdéet inhy daliderRKIBVi ce. The

radio frequency identification device c ses: a substrate including a
first nmjBYMRYNenigRad 3 fmper Saek proipied t@rthesﬁirglfl%%fénwﬁb@ tl8e tapaper tragk ) or

surf ce; t he first
03 o PR B St fedd SOUNr AR ol s K AichaRly BE REbel Cadk®
met al powckarbe formahach tlﬂai arig éah@édevﬂmdhdﬂami iofantpeeedalinvee émbpdimentydi cat i-ng

radi o freqyency jdentifjcation device,
qu.{'lCSIO%{ characteristics o% the tamper track (102) are adapted to break apart the tamper

track when the label is tampered, for example, by removal from an object. The RFID

components may retain their RF capability and detect when the tamper track (102) has
20 been damaged to indicate that the label has been tampered. Altematively, the RFID

capability of the RFID components may be disabled when the tamper track is damaged,

indicating tampering. )

SUMMARY OF THE INVENTION

25 One aspect of the present invention provides a tamper-indicating radio frequency

identification device. The radio frequency identification device comprises: a substrate
including a first major surface and a second major surface opposite the first major surface;
and a radio frequency identification antenna attached to the first major surface of the
substrate, where said antenna comprises densified metal powder. In one preferred

30 embodiment of the above tamper-indicating radio frequency identification device, the
antenna responds to a signal, and after the tamper-indicating radio frequency identification
antenna is bent equal to or less than a radius of 25 mm, the tamper-indicating radio

frequency identification antenna does not respond to the signal.
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antenna responds to a signal, and after the tanper-indicating radio
frequency identification antenna is bent equal to or less than a radius of
25 mm the tanper-indicating radio frequency identification antenna does
.not FespoMO2e40RE6%i gnal . -2 WD 20041061762 PCT/ US2003/H34082003/0%dtx1her
aspect of the present invention provides a tanper-indicating radio frequency
identification sticker. The tanmper-indicating radio frequency identification

sticker conprisgs:.a substrate includi a first . mjor ce,.and a second
maj or surface ‘%boﬁ ?iaf%ecfﬂ{etﬁ? P?eg?n%ﬁ%‘f‘:@ﬁg%arroﬁlﬁfg%?t%é?r'éndr%g%{n% rg H8quency

i dentifi catdqapnayitieniTRatéd athed The tdnpdrandicstsly MBjoGreqaerdydeantdicatibe
substrate, where said antenna conprises densified netal powder; a first

i nt egr at edtigkercomprisest aswsiratednalping p feyt mejoraytace Frdrastecond mpjop utiafisesi ve
attached t rate. ln. o hodi e Vv

Carper i ndPRRt e BRI swihs AR AL RO Rl BehifBlRiGe
‘responds  tthe frst @il surfadtbfahd fibsttdie, wheddRed anteeHacdtriphiges dutlkidicl hegaency
identification antenna i s bent. egual to or less than a_ 10 radi us of 25 nm
t he tanperRovdignaditstigtegemindeircpi gtiecched to te pnienns and adirgdeves ahadissiyenot

respond to_ the .signhal other aspect. of. the pr nt L0 L.On..provi des a
nmet hod of altttr%g}l‘e(‘:i a?i%hegmpﬁ%%e‘aﬁ OPS(??%grfr?de%ﬁ%or@?eﬁ gr%]lfel afblog%é?r%r s?ql'g%e%lf’ has been
tanpered. rAfie freubQY i@&Bichi@sstiche, te @RRnndiespondb &@@Eﬁ?ﬂﬂ, #nd Awpee | Ndi cating
radio frequency identification sticker to a first surface, 15 where the

t anper - i ndr@pe-ngicatieg wdfo feeguentyyidediention adennens bant egual to eolagsrthaea: a

substrate __p.n¢l peld I.rst | OF_Sur e a.Sec ce
oppodl te vALEF oY S Ayt i RlcRling ol GRS, ARG BRGR R 0BT,
antenna atregoh@do the sigsal.first major surface of the substrate, where said
antenna conprises densified nmetal powder; a first integrated circuit
attached to theApgtheaseect ghille aresenidrveptgn proyides ameshodotindigeedhala t he
substrat e; i . j gnal .to t - j_pdi j radi y
dent | 1 AP AN PheR S oA schRes HiE b Riberel rFEle iRl BAMEREY
fromthe aift stichingraadMypérigdicheng radiparequerstydadntifigati@cstiakerfto aditetinyface,
identification sticker fromthe first surface; and sending the signal to the
t anpé? - i ndvikae thedamper-igdicating radioyraqyenayifendBicalin Sickek eQmpIAES bTubsERe| vi ng a
response f: : i ; : et hod,
the r omovi Rk ATyR R e LR FRlcF P PR R sl BEIERIMEAT ency
i denti fi cadndairadiotfesnendyddatifioation antenna attached to the first major surface of the

substrate, where said antenna comprises densified metal powder; a first integrated circuit
attached to the antenna; and a first layer of adhesive attached to the substrate; sending a

20 signal to the tamper-indicating radio frequency identification sticker attached to the first
surface; receiving a response from the antenna, removing the tamper-indicating radio

{ frequency identification sticker from the first surface; and sending the signal to the

tamper-indicating radio frequency identification sticker and not receiving a response from
the antenna. In one preferred embodiment of the above method, the removing step

25 comprises bending the tamper-indicating radio frequency identification antenna less than
or equal to a radius of 25 mm.

Yet another aspect of the present invention provides an alternative method of
indicating a radio frequency identification sticker has been tampered. This method
comprises the steps of: attaching a tamper-indicating radio frequency identification sticker

30 to a first surface, where the tamper-indicating radio frequency identification sticker,
comprises: 2 substrate including a first major surface and a second major surface opposite

the first major surface; and a radio frequency identification antenna attached to the first



or equal to a radius of 25 mm Yet another aspect of the present invention
provides an alternative nmethod of indicating a radio frequency

i dentifi bizﬁdl/o%yﬁfker has been tanpered. This nethod gﬁ:@gﬁﬁg@é{le steprs

of : attaching a tanper-indicating radio frequency identi i cker 30
to a first surface, where the tanper-indicating radio frequency
I dentification sticker, conprises: a substrate including a first najor

surface afglopsusREOBChE BRI vhae aidRRRShA @omi)ﬂ@sfdieﬁ%fiedﬁb@l pMeE;% e; and a

radi o frequency identification antenna attached to the first® -3
2004/ 061763t ipegyatsd xingsit @Bached to hejapiensy apd e dirgflayasof sdiiesive attechednethe sai d

antenna connrises densi fied netal a . fifst.inteqrated ciqrc it

2t ached BOREHS Feet Eites SR tfrs B e, plAdiit e DR B rito ne

subst r at efregiBRSUASIE catidd Jtiker 166 tRAPGICRuEINo hediaf bLPNAim; Red dicAghrind @
tanper-indicating radio frequency identification sticker |ess than or equal

t o asr adisgeongfrestBamnerin thecknianas that mohighes thandbnlirst essistange obthe antehee. ant enna
that is higher, than the first resi.stapce of.the t enna. .. Anot.her .aspect of
the present | MASER AP oVhS b ER ofiraRoSp Rlidkd En OBt R Rt O PRBBf oot i ng o
radi o freguieRty J deBtidguealy ithtFichGdbiticRashal ®esh tapfperie tthisiMétBodret hod
conprises the steps of.” attaching a tanper-indicating radio frequency

i dent i fi ceamippinesshe stkps of: attachinfy 4 empeminfigeieng tader Bequeacy wmpaficalipnl ke ng

di o f i.dentificatj tick 0 i ses: . bst.rat e incl udi
DT st RS R yhans et PG e FPARRCd (Bu e ORS¢ o1 mmj or
surfigce; @fpridest AThRtrhlcQABMAY alfHGThA;jbi RAfatO I PNIRBAE A} 36M1R4E dpPosilee first

maj or surface of the substrate, where said antenna conprises densified netal
powder ; ahe fifst mijdr surepeaantia midrcligquengst idettiftration ahlenzavtanihest to shecfirst i r st.

| ayer of adhesive attache o._the ubstrate; neasuri.ng, a fjrst c_onductivity
i the. artBRr S AEe REPA SNt ahiE e fareng ropEe Paen % Peglity ™

i denti fi caxki igRgstdddiRnit hRBchell RRthe Qhteffl4 ahd b Pirdt 1Ayl 0P adiRkive attdied fNtHe _
measuring a, second conductivity in the antenna that is lower than the first

conduct i \aubsirags, meapusingr fishepndpgfbtitydn thepeannachending the tasmst-indicabing i on

proyides gk, BRolRek il EELRA R TRL O] QT inglhGRLLDG A hadioy fr equency

i dentifica een tanper ed. 'S me conprises the steps
of . -att achéRGries 4 SPRd cnddibevity inghd Afldma kiR HIRAERY tHad ehd fifsi eataiviglifcker to

a first surface, where the tanper-indicating radio frequency identification
sti cker, theantenna. :
Another aspect of the present invention provides yet another alternative method of
indicating a radio frequency identification sticker has been tampered. This method
20 comprises the steps of: attaching a tamper-indicating radio frequency identification sticker
to a first surface, where the tamper-indicating radio frequency identification sticker,
comprises: a substrate including a first major surface and a second major surface opposite ; )
the first major surface; and a radio frequency identification antenna attached to the first 7
major surface of the substrate, where said antenna comprises densified metal powder; a
25 first integrated circuit attached to the antenna; and a first layer of adhesive attached to the
substrate; measuring a first conductivity in the antenna; bending the tamper-indicating
radio frequency identification sticker less than or equal to a radius of 25 mm; and
measuring a second conductivity that indicates that the antenna is nonconductive.
Another aspect of the present invention provides another alternative method of
30 indicating a radio frequency identification sticker has been tampered. This method

comprises the steps of: attaching a tamper-indicating radio frequency identification sticker

to a first surface, where the tamper-indicating radio frequency identification sticker,



conprises: a substrate including a first major surface and a second mmj or
. surf.ace opposite the first major surface; and a radi o frequency
identification antenna attached to the first major surface of the
.substr at e, wohen®ssat d ant enna conpri ses densified netal pomdsopses«f first
integrated circuit attached to the antenna; and a first |ayer of adhesive
attached to the substrate; neasuring a first conductivity in the antenna;
bendi ng the tanper-indicatin radi o frequency jdentification sticker |ess

than or e&QEIPIIEES: %SLrb&HPtGén‘"é‘F‘%lzsamt majer SRS NG hipcandBRIOR UEK R PRBPGi t v

t hat i ndi aEnadid ' P \aTens t he
present i g@%ﬁlt%} %ﬁﬁ%?‘%\?]&g’es anot deﬁe@%%gg#{ﬁ%ﬁﬁnet hod aof Cl%gR:ér?ilﬁﬁ @fgtfi ng a
‘radi o frequencyrfacesfithd subatratenwhér: ciidrantrasa beeprites dpesifes]. mdthl gowder;hrod
conprises the steps of. attaching a tanper-indicatin adi o frequency
Cdenti 1 cdignegiediedrtit ftacheq 1t e auisRRRaRd 2 R EVeF ﬂgaﬂ[h&ﬂﬁ%ﬂ-t%%eﬁﬁ' &@Png
‘radio: fre L At d il i 0on. st ‘- 34921
o ses B b g A e L ¥ or
surface opgodittd e radiweoffZSnsain; amj forming £ Gaeyream theaadiadrequéncg gdemnfigation
identification antenna attached to the first major surface of the
subst r at e, ™ffB#e sai d antenna conprises densified metal powder; a first

i ntegrated circyy N&dh . : Wy I hesi ve
attached to th%&%eﬁ%éﬁ ?ate;égrg%l |rlllg‘}%%lﬁglp?rgr‘;%!gg???ltgércagtﬁnggyfglgﬁ%d? ?equency
i dent i f i cahdioatingta radierfreljearytidmtifoatiorejichér Hag beerr @diparedoTh2 metiragd and f or mi ng

a fracture in the radio frequency identificatiqn _antenng. Another aspect of
the P¥eserfemPRYeHDS SﬁvSqubwagﬁ@gmerrm&}c@%ﬁ%@ﬁ}%ﬂ%{lwﬁeﬁwaﬁlmFtafifﬂ ng a
ragio fre ' t{hl | Qhostd ; i h - i hod 10
Compr i ses e B S B Qe oncy
i denti fi catboimpnissst a eldsstratetincledifig r dirstanajbmmelacevirel @seched majop surfacadippadieng
radio frequepcy identification sticker, conprises: a substrate including a
fFirst ma oe Ci mais supfereq s Brhradih frdusnr ewitinahbe rigana 3iahed o) or
surface; age rajbt dustacd SO sTGAHAE Wh¥rel sRNntdnhs B PR ALAAAA ALhAGHRdLL 0 the
first major surface of the substrate, where said antenna conprises densified
met alls powdedirst i geatdd qispitiatiachgd & dut antenoari & seatridhintegoitedcitdng atiached nathea
second integrated.circuit a(itached to the substrat &y where the .segﬁ?nd
|t ogr at odUETtAS, Mete i FqogBY INteREEd FCU R WRRILEES & ReFoRd ARPRRS Ao RSt gayer
adhesi ve ajftacdigd aktQcHel®o HeRabstALS sefBAEh Bigna 8 HEN8mpbOinkifGting radio
tanper-indicating radio

frequency identification sticker attached to the first surface; receiving a response from the

first antenna and the second antenna; removing the tamper-indicating radio frequency

20 identification sticker from the first surface; sending the signal to the tamper-indicating
radio frequency identification sticker; and receiving a signal from the second antenna and

( not receiving a response from the first antenna.
Another aspect of the present invention provides a tamper-indicating radio

frequency identification sticker. The tamper-indicating radio frequency identification

25 sticker comprises: a substrate including a first major surface and a second major surface
opposite the first major surface, where the substrate is selected from the group consisting
of paper and materials that are at least about 10% compressible, and where the materials
that are at least 10% compressible are selected from the group consisting of microporous
materials, nonwoven materials and woven materials; and a radio frequency identification

30 loop antenna attached to the first major surface of the substrate, where said antenna
comprises densified metal powder, where the densified metal powder is selected from the

group consisting of copper, tin, lead, silver, gold, platinum, aluminum, nickel, iron, steel,



frequency identification sticker attached to the first surface; receiving a
response fromthe first antenna and the second antenna; renoving the :

t anper - i ndj i adio frequency 20 identification sti r e first
surface; rkgé(r\?g'ls%dég.ﬁée signal to the tanper-indicating rgédi?@siorogf dé cy
identification sticker; and receiving a signal fromthe second antenna and
not receiving a response fromthe first antenna. Another aspect of the
present iANeMd ARyPaRAYERSSin@idnd MResof! Al Wikt 18 hAfl Pwdef ESHHNCY metal
identification sticker. The tanper-indicating radio frequency identification

25 sti ckeararidadespinitbeshape ofsphstes sablotigacanddiohedras o fisst injegrated siedibattached a

second Lor suyrface osite the firs i,Qr ..surface,. the substrate
is sel eg?téghq‘ ?Dg?ﬂﬁah%‘“‘gfﬁ{}ﬁiag%ﬁ{’sfiag??sh‘@e att%irﬁ?éﬁgfiél?e sgﬁ%rzﬁ%t@{éﬁéﬁg aﬂ%&f’a are at

| east abodipoh@erHRLEA S&it Rl Bstartd Grashe iitnt BN BLAY the kanpek-hfficating radio| east 10%
conpressi bl'e are selected fromthe group consistin m cr opor ous

of
mat ef i al sirequemsyoidentifivation ptidker, andim@@ﬁten@pémmrépc%aﬁmgaadiadregumcequency
identificatiaon 30 | oop antenna attached to the,first. maj surface of the
subet r at SaciaHon SRH8E A PR P RS d Ref ARl 25 Wher ot ne
densi f i edtaﬁi@&laindiz@ﬂﬂlg%fag;&fr&ﬁeﬁ@)t iﬁ@'ntfflfdaﬁbﬁ E&ﬁemﬁ_rdagpn&qe@oﬁa ke @fgnﬁpppe {/\o

tin, lead, silver, gold, platinum alumnum nickel, iron, steel, -5
2004/ 061782 tRCTHtySROOBIPDBaR Tactue tat aambt Aisikle 0 hadakedrgyenat i ons t hereof ; and

where the net powder conpr.i.ses netal articles in the shape of spheres,
obl ongs, and pbfyHe E?Spg%lftﬁéetpr?sﬁ%’ﬂ?’%"g’(ﬁpé‘i"?ﬂ?ﬁqraa]tot%@ﬁ%cypto the antenna;
and 18 fi rigéntfRugon Sltedihate ¥8ia fleatdned idetitifRion WRkhh AL AP Aubfigat@nt enna
responds to a signal sent a distance [%reater than 15 cmfromthe

t anper - i nd¢lvdingradfirstgajor Sirface qubmesgond paiar sidfanei oppositei thdkBrst marnd suifagee af t er
t he tanper-indicating radio.frequenc dentifjcation.sticker is bent equal
to or | es@dtat{éﬂfogf%eqél ( 2 19?1131%&’103%@%89&%3% ehFﬁ’éSt r?aé?‘rtps .-affh%ﬁ @‘éﬁi ng radio
f r equencysubgtet, iviieeaddi® Mntamiednprid@efenfificd HREIQBMdEO the signal and the
antenna conprises a fracture that is not visible to the naked eye. Yet

anot her aspectrRf 4l o%ﬁé@ﬁﬁm%e.rb‘ﬁ%fdhﬁéht@éﬂﬁé gﬁ%n@?dﬁéisa shrear@ecy 10

identification antenna. The radi o frequency i1dentification antenna
conp$ i sesaccamparysig dawingsaod theti degerptibn bslowrd)tber feamfeacdbjeai amd second nmaj or

surface opposite the first major surface, and a. radio,frequenc
dent 11 CARORER AT AV oRc e ABDYHE T LE SpeTon cnd ey, fifeirom
substr at gy WREHE Sai d antenna conprises densified nmetal powder.

BRIEF DESCRIPTION OF THE DRAWINGS
20 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

Sy

views, and wherein:

Figure 1 is a top view of one embodiment of a radio frequency identification
device;
25 Figure 2 is a top view of one embodiment of a tamper-indicating radio frequency

identification sticker including the device of Figure 1;

Figure 3a 1s cross-sectional view of the tamper-indicating radio frequency

identification sticker of Figure 2 taken along line 3 in Figure 2;

Figure 3b is cross-sectional view of another embodiment of the tamper-indicating

30 radio frequency identification sticker taken along line 3 in Figure 2;



The details of

one or nore enbodi ments of the invention are set forth in the

15 acconpanyi ng drawi ngs and the description below. Oher features, objects,
and advantages of the invention will be apparent fromthe description and
»driawk ngs, VEQAd0§06162t he cl ai ns. BRI EF DESCRI PTI ON OF THEPORUS¥OAES49] The

present inventi
Fi gures, wherei

on will be further explained with reference to the appended
nlike structure is referred to by |like nuneral s throughout

t he several vigws, ,and wherepn: .Fiqure, 1 is a.t vi ew.of. _one enbodi ment of
a radio frequen%’u’{eé‘gﬁ% ?rPlssé%eicJP%I?‘fdv v?fgg?t%eﬁf’bdg‘gaémg I&Ogeﬁ%?cgi ew of one
enbodi mentidedtifieatiomiteker SfFig@t2ngphiaiiod suffachi&licy/ portidf B iheistidikdr @beht ek er

i ncluding the device of Figure 1; Figure 3a is cross-sectional view of the
“tanper - i ndd @diiskg: radi o frequency identification sticker of Figure 2 taken
along line 3 in Figure 2; Figure 3b is cross-sectional view of another
enbodi ment of tHguredbpecrosshigictandl vgew Ghe taiper-indicptimgaydip dequérfcycat i on

"sticker taken.alaong line 3.in Figure.2; -6 WO 2004/061762..PCI/ US2003/ 034921
Fi gurg 4a YNt }cgggggtgskgﬁ %tﬁ%igur\‘?i"“é PoFqnHRE the,FHEERE IS haptal aadju (g%li%?‘efl fency
i denti fi cafiihOf, Bifigke6a0f Figure 2 applied to a surface and a portion of the
sticker is bent at™ a radius RI; Figure 4b is cross-sectional view of the

t anper-i ndi cati
portion of the

B 1 L SEUERGHa S S5 G SRambh Lo SRS, 4= °

sti cKer in

Fi gure 6a; inficgthigerad fr@uans/ iQeRifRatsn aikér tikeauloig e Rid Bignatd;,ve enmbodi nent

of the tanper-

indicating radio frequency identification sticker taken al ong
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates one preferred embodiment of a radio frequency identification

30

(“RFID”) device 10. The RFID device 10 includes a substrate 14, which has a first major
surface 16 and a second major surface 18 opposite the first major surface (shown in Figure
3a). The substrate 14 is preferably a compressible material. As used herein, compressible
means that a substrate reduces in its dimension parallel to an applied pressure and that the
total volume of the substrate is also reduced by a similar amount. When used herein as a
quantitative measure, X % compressible means that the dimension of a substrate measured
parallel to an applied pressure of 30 MPa is {{100-X)/100] times its dimension in this
direction at 0.07 MPa and the total volume of the substrate at 30 MPa is [(100-X)/100]
times its volume at 0.07 MPa. If the dimension change in the direction of the applied
pressure and the volume change yield different values of X, then the smaller X of the two
values is used to define the quantitative compressibility of the material. Preferably,
following release of an applied pressure, substrates 14 still show dimension and volume

changes of at least 10%, more preferably they show dimension and volume changes that
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fibers. 10 Papéer i1s one preferred substrate 14 and a riety of papers are
sui t abl e, finiskeks aold pgated or uncoated.

Suitable nonwoven substrates can include membranes or porous materials, such as,
for example, ultrafiltration membranes, microporous materials, cast polymeric
membranes, and thermally induced phase transition materials (TIPS), which are described

20 in U.S. Pat. Nos. 4,247,498 and 4,867,881. One suitable substrate is a particle-filled,
microporous material, commercially available from PPG Industries, Pittsburgh, PA, under
the trade designation Teslin. Teslin is described by its manufacturer as a dimensionally ‘ “)
stable, polyolefin based, microporous, printing sheet with 60% of its weight including a
non-abrasive filler and with 65% of its volume including air.

25 Suitable substrate materials may be fibrous and fiber-like materials including silk
and cellulosic or lignocellulosic materials, such as for example, flax, hemp, cotton, jute, or
synthetic cellulosic or lignocellulosic materials such as rayon.

Suitable substrates can be made from a variety of polymers, including
thermoplastic, thermoset, elastomeric, and crosslinked polymers. Examples of suitable

30 polymers include polyamides, polyurethanes, polyolefins (e.g., polyethylene and
polypropylene), polystyrene, polycarbonate, polyethers, polyvinylchloride, silicones,



but not limted to, kraft paper, stationery paper, copier paper, filter
paper, newsprint, cardstock, folder stock, printing paper, specialty
papers, paper products such as pulp board and the |ike. Suitable papers nmay
be made by | rocesses and may contain fillers, bt d S,

pi gment s, yeg@a§2790thers additives as known to those %tﬁ?#%ﬁﬁ?%ﬂihe art.
15 Suitabl e papers may be cal endered or non-cal endered, processed to provide
various finishes and coated or uncoated. Suitable nonwoven substrates can
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imparted to metal powder composition on substrate 14. During this capture step, the

captured metal powder composition is formed into a pattern and adheres to the substrate
14, while the metal powder composition outside the projections remains uncaptured. The
20 processing conditions used to capture the pattern of densified metal powder 12 will vary
widely depending on the metal powders selected for use in the metal powder composition,
as well as the properties of the substrate material. Temperatures, pressures and application
times should be selected to substantially minimize, and preferably eliminate, damage to
the substrate 14, such as melting, warping, buckling, blistering, or decomposing.
25 . Preferably, the platen is maintained at a temperature between 50 and —25°C, and the die or
at least the raised portions of the die, are maintained at a temperature between 20 and 250
°C, preferably between 20 and 200°C. Useful processing pressure is in the range of 20
MPa to 400 MPa, and pressure is maintained for up to 300 seconds. Preferably, the platen
and the die are maintained at about 20 to 25°C, and a pressure between about 35 MPa and
30 200 MPa is maintained for no more than about 60 seconds.
Third, the residual, unadhered metal powder composition that is uncaptured may

optionally be substantially removed from the substrate by a variety of conventional



" (Koskenmeki et al.), filed on ) Septenber 10, 2001, the entirety of which
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thereof. Fourth, a densifying energy in the formof a second pressure is
then appl i @8pegiedn

The pressure applied in the densification step is about 20 MPa to about 400 MPa,

preferably about 60 MPa to 200 MPa. Densification at these pressures is conducted at
20 temperatures from about 20°C to 250°C, preferably about 50°C to 200°C. most preferably
about 100°C to about 150°C. With application of other sources of densifying energy such
as ultrasonic energy, different temperatures ranges may be preferred.
Lastly, the platen is removed, resulting in the RFID device 10 illustrated in Figure
1 having a conductive metal pattern of densified metal powder layer12 adhered on the first

25 major surface 16 of the substrate 14.

The metal powder composition used to make the densified metal powder layer 12
described above preferably includes finely divided metal particles. The metal particles
suitable for use in the metal powder composition include copper, tin, nickel, iron, steel,
platinum, aluminum, silver, gold, lead, zinc and the like, and copper is particularly

30 preferred. The metal powder composition may also include conductive non-metal

powders, such as, for example, graphite. The metal powder composition may contain only
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platens to the pattern of densified netal powder |ayer 12 to densify the
pattern. 5 Preferably, this densifying process step increases the adhesion
of the pattern to the substrate 14 and nakes the pattern nore conductive.
The second ypb SRehd1Ss™Y be applied as hydraulic pr ess“?@wu@%yﬁﬁ&ﬂonal |y
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prior to the application of pressure, or nay be enployed alone to 10
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device 10 iJlustrated in Figure 1 hayij n% a conductlc\(e nmet attern of

densi fied rfetBATugiERdhe ms%ﬁ‘weaeﬂmc@ﬁwﬁ aygAeqn Rapticle gz @Ppog‘wtalze 16 of
the subst raiﬁto]a%outﬁm@ou&t aefd;ﬂawﬁetwemmwa dﬁ&%ﬂoﬁt%ﬂ@ﬁﬁ tbg densified

net al powder descri bed above preferably includes finely divided
met al parthﬂ: lyméﬂmlﬂmutdmmaé@m@&%bl e for use in the metal powder
corrp03| tion incl | um num
silver, gold, | ggg&eq ﬁ@? nddéa{uﬁ%fgf&ggt&%ﬁﬁg% 6%%&:%151%839 I'cu yeﬁ30

prefe s ed.. bEkay mehtenp@mdﬁgurmqsﬁs fittis pn&femaﬂe @lfem densified enatd lpdwdtrllagers
Comosi i on Ry AB A oAyt e R Bu 57 ok 3P s BrertopRt b Ron JO
. To achleve this feature, the metal powder compositions preferably mcludc particle shapes
which will more easily mechanically separate from each other or become undensified
when the densified metal powder layer 12 (or the entire device 10) is bent at a radius less
20 than or equal to 25 mm. For example, metal particles in the shape of spheres will most
easily mechanically separate from each other or easily crack or fracture due to their
smooth, round shape. In sharp contrast,densified metal powders made solely of metal
particles only in the shape of dendrites (shaped like branches or trees) will tend to stay
mechanically joined together and tend not to crack or fracture due to their ability to fasten
25 together, even if the antenna is bent at a radius less than or equal to 25 mm. Metal
powders in the shape of oblongs and polyhedra tend to easily mechanically separate from
each other or easily crack or fracture, but not as easily as densified metal powders in the
shape of spheres. Metal powders in the shape of flakes or needles also tend to
mechanically separate from each other or easily crack or facture, but not as easily as
30 - densified metal powders in the shape of oblongs or polyhedra. The shape or combination
of shapes of metal particles may be selected for the densified metal powder layer 12 to
obtain the desired flexibility of the resulting densified metal powder layer 12 and to obtain

-11-



one netal or it may contain two or nore netals, in such conbinations as a
m xture of particles of two or nore netals, particles conprising alloys,
bl ends orW@2eH@6ES2 particles of one netal coated w t WPQIVEEWBHEIMEL al , 'and
the like. The shape of the particles in the mnetal powder conposition can
vary widely. The netal particles can be of the same shape 5 or of different

shapes an I i r thGl e
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part ol o ORERA°GLRGHER ARG ) Bhains dd BUTHIbORI B AT e
part iscl esflexibilibecompaadd fpahelexangierplanie! buis hdMaore warsckpar fracthies aftere of
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about 100PEIGHE. RSt POWHES &% shapgs ?féﬂ%ﬁ oawabe%a,wamhlna%%ﬁh%@ an  For the
t anper - i nEIiefe?lteidng feature of one of the present inventions, as explained 15
below in reference to Figures 4a-4b, it is preferable to formdensified

met al powder | Higeres 2 antii3alillisade one@titbedinidnesf 1 RFITy stivikek, tagy oclabdli2p, cr ack or
fracture, especi al lg% upon bending. To achieve this feature, the netal
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contrast, LT $ 36848 £k 4 nly in the
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ability to fasten 25 together, even if the antenna is bent at a radius |ess

t hanPor efidF 206"8%5 nm Metal powders in the shape of obl ongs and pol yhedra

tend to easilyrheRPADsERE! Y0 ﬁﬁpge%?a?%g@%ﬁﬁw&mg seéke?t@ﬁ.iweﬁpﬁﬁk or.

fracture, but not as easily as densi powders in e shape of
spheres. $izked 2(omayl exciude rntoptosth hper (0bt showkpen the layee df athesive oStimi t 0

mechani cal separate from each her or easi| rack .or facture, b not as
casi 1y 2o BSNERGT Hedt ol AOSSERASnEIvdr ROG AAe D BTbi e BT B8R hedr a.
The shape;fiesicTahd alrkBbased adhesives such as reaction product of an acrylic acid ester
20 and a reinforcing ethylenically unsaturated monomer. One preferable adhesive for the
layer of adhesive 19 includes a pressure sensitive poly (alpha-olefin) adhesive. One well-

known means of identifying pressure sensitive adhesives is the Dahlquist criterion. This

R

criterion defines a pressure sensitive adhesive as an adhesive with a 1 second creep
compliance greater than 1 x 10°° cm?/dyne. (See "Handbook of Pressure Sensitive

25 Adhesive Technology," Donald Sata (Ed.), nd Edition, p. 172, Van Nostrand Reinhold,
New York, NY, 1989). Alternatively, since modulus is the inverse of creep compliance,
pressure sensitive adhesives may be defined as adhesives having a Young's modulus of
less than 1 x 10° dynes/cmz.) Another well-known means of identifying a pressure
sensitive adhesive is that it is aggressively and permanently tacky at room temperature and

30 firmly adheres to a variety of dissimilar surfaces upon mere contact without the need of
more than finger or hand pressure. (See "Glossary of Terms Used in the Pressure

Sensitive Tape Industry” provided by the Pressure Sensitive Tape Council, August, 1985.).
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of shapes of netal particles may be selected for the densified netal powder
"layer 12 to obtain the desired flexibility of the resulting densified netal
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first intdgraxadplei thedirst pRrticmnol Satoff themdpessve leyarrid rody inhledp afirgradhestvedensi f i ed

nmetal layer 12. The,sticker 20 tigpally include econd i.ntegrated
i oui t - SC TR APARE FEPAS PR P H AL Dol R YA e e AR 5 (shown
in Figure Ssivel ifenBn DideMbESvelQrelBitis R the RARSINVG BObGI KetREen®he fagepCli Ve
antenna. The RFID sticker 20 includes a |ayer of adhesive 19 on thé sticker

20. The RRDRdhesiveckeandabe suafack ok adieredtoo Préfenably. thersecondredhesgtessmehngibiis t he

| ayer , of adhesive. .Suitable. adhesives for the |ayer_of adhgsive 19.incl ude
ol y 1Dal pHECTRLPRh fedaHaSreRe SRRt r s lin EimE b igenc ORI b ased
adHesi ves AlGRaRRIY, BRCliisOPorRbR OLindakcatl fRetiotl 19h FGheladBRERE 130 8had

rei nforcing etdgyl eni cal |l y unsaturated nononer. One preferabl e adhesive for

the | ayerhayp diféhenfircletiveocahagive siesnathspilbs sehesivs stisnath obthgarbesivelip - ol ef i n)

adhesi ve. e I.L- known ans, .of i tifvi.n ressure sensitive adhesives
e DanaetEre BN Ys RS Rloplal flbhitlifl, HREE! B 3808 20 BBxE T oe
adhesi ve agcife RFhe ofidifferéht boRRBS BHadbeGO8 wElo diffckinp of sigiRahdesiv@an 1 X
10-6 cnR/dyne. (See "Handbook of Pressure Sensitive 25 Adhesive Technol ogy,"

Donalld Sat #repgids pnd oohgsipgstrengths. Fixampies ofamadyssive derdbrérst port@n-19nevd Yor k,
NY, 1989) . o feliGE 3t GkdonaTolch MR Sirtefing AV SEEG R orHifiG8nCONP! 1 aNce,

cohesive strengths are taught in “Handbook of Pressure Sensitive Adhesive Technology,”
Donald Sata (Ed.), ond Edition, Van Nostrand Reinhold, New York, NY, 1989,

In yet another alternative embodiment, the adhesive could be stripe-coated or
20 coated in any pattern across the substrate 14, to have portions of the substrate with
adhesive and to leave portions of the substrate without adhesive. The stripe-coated
adhesive or patterned adhesive may include any number of types of adhesives having

similar or different adhesive strengths and cohesive strengths.

In Figures 2 and 3a, the adhesive layer 19 is illustrated as being in contact with the
25 first major surface 16 of the substrate 14 and the densified metal layer 12. However, the
" adhesive layer 19 may instead be in contact with the second major surface 18 of the

substrate, opposite the densified metal layer 12.

Although the densified metal powder layer 12 is illustrated in Figure 3a as partially
above and partiaily below the first major surface 16, the layer 12 could be all above, all

30 below or coextensive with the major surface 16 of substrate 14.

-13-



pressure sensitive adhesives nmay be defined as adhesives having a Young's
nmodul us of less than 1 x 106 dynes/cnR.) Anot her well-known neans of

i denti fyi W@ 20046¢88ure sensitive adhesive is that it i 8CHEF§rwWse3V2 y and
permanently tacky at roomtenperature and 30 firmy adheres to a variety of
dissimlar surfaces upon nere contact without the need of nore than finger

hand of. T d., i P S t
Spe I ndbst s g TS an abrating REMR @l 10 beladfns LBSR ompgigas: |
1985.) . - hAicih 200 ta00éAR PCTIHIIAODH R4 perfoan e irthe 8%A8Ra88rk g Sui tabl e

pressure sensitive adhesive are taught in ndbook of Pressure Sensitive
Adhesi ve REBP piddkeny) despipprsl for sataa:p(eEmdycauaa feagires. ohhe tompeNbsicating Rel nhol d,

New Yor k, 1989 h rated by .ref.eren

B ter nat | SRLeahBA e g podsin TR REs bRERER 564 S g b BLEREE: 740 Ldes a
layes 5 gipRAOeSiNG Mo AR A ThERBID §titRe3T Alk@MelulSRa sck3Rd IREEL Fom t wo
di fferent adheS| Ves. or exanple, the first portion 19a of the adhesive

| ayer 19 adhgsiveebudbe sechid yeraftidbesie Z%atmeh@tthe segoed magor sedane4pdthd on 19b
of the adhes e Ia i ncl ud hesj ve strengi h. T

Sdhes: vo BRIEHTAREAA20 TSt TG PYFTtsE PR MBS Jhohbs Feonasr o

adhesi ve déhegiRel2b ?x?ay%t!lﬁ&cﬁl ofithd ShaASNGT:AEs bfQhe REL1[ERE Mhelibe15€CO nd
adhesive strength i§ 10 greater than the first adhesive strength, as

expl ai neddmtlmd dbove. elF@reemnglet the Begmd edhesivedd. mayinclndn atviavietyyof pottint i r st
portlon 19a ortign 19b of the adhesive |ayer..19 v

G 1107 ent meuRis GEGEEBRGY SRpehdehimab b sPesnourd or SR AR, (¥ adhesi ve
is the Sflfsel'bgéﬁ'bf%ﬁihésﬁk% BCHee&Hna abByed BattRdhell i BeTRbt HAbAGHNRE DDBF thEovever ,

t he sticker i nclude any nunber of different portions of adhesives

with di ffepﬁqabm@ﬁerlgizﬁqmmi@dhes&oweda@hegmélﬁgt hs and cohesi ve strengths.

Ex | f f h f h
oot oot onTaERERey faleffing Sitical idferBCA halpe B RRCHANEARAER ' °Lonosi ve
st r engt hsindicatet @@ e stitker BOREOBERI t@hpdte® GBI FteDERESdtickMe30AEH3 %ééﬂ/@phed

Technol ogy," Donald Sata (Ed.), "d Edi ti on, Van Nostrand Rei nhol d, New
Yor K5 N, torm@mface. nAy examme pfie sitsbledamaer ipdicalianoitisalpatexitlds dgplessdia coul d be

SUr i pe- Copleg ot NaBLGINECN AV BALBLNADIRS NS RUAPLIF Suldy ! © have

portions of A&"su rate dhesivesan ve-portion
substr at ehéitﬁmuérpaﬂtbﬂﬂdy\tefere'ﬁhe @l‘.Hdr Bﬁmﬁlﬂéd Sfthuitatslb emhpee-igdic P topting d
adhesi ve nay i ncl ude any_ nunber _of ﬁ? f adhesi ves havi ng
erials are taught in U.S. Pat. Nos. 5,510,171, 5 468 540, 5,591,527, and in U.S. Pat.
Application Publication 2002/0142121 Al.

20 In Figure 3b, the tamper-indicating optical layer 22 is illustrated as attached to the

first major surface 16 of the substrate 14 and the densified metal layer 12. However,
optical layer 22 may instead be attached to the second major surface 18 of the snbstrate, ' ‘)

opposite the densified metal layer 12, by a second layer of adhesive.

Figure 4a and 4b illustrate the ability to indicate that the RFID sticker 20 has been

25 tampered with, after it has been applied to a surface 32. For example, the surface 32 may
be a surface of a glass windshield 33. By the term “tamper-indicating,” as it is used
herein, including the claims, it means to indicate that the attachment of the RFID device
10 or RFID sticker 20 to a surface has been interfered with, tinkered with, altered,
modified, or adjusted after the RFID device 10 or RFID sticker 20 has been attached to the

30 surface. One example of how the attachment between the RFID sticker and the surface
may be interfered with or how the RFID sticker 20 may be detached from the surface 32 is
to bend or fold the densified metal powder layer 12. As illustrated in Figure 4a, the
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simlar or different adhesive strengths and cohesive strengths. In Figures 2
" and'3a, the adhesive layer 19 is illustrated as being in contact with the

25, first ' face 16 of the substrate 14 and the degsifi etal | ayer
‘12. Homever{?t,)%%%k%g%hesi ve layer 19 may instead be in com@%ﬁg\ﬁ/ﬁgﬁhe

second maj or surface 18 of the substrate, opposite the densified netal
| ayer 12. Although the densified netal powder layer 12 is illustrated in

Fi gure 3a d&ssifiad bictdl [byswdaueyee 1anshbgatrhdihd K,.bak aWistrived id Fighrerd), tie sur f ace
16, the Ia%gr, 12 could be all above, all 30 bel ow or coextensive with the
maj or sur fd@efied mefal powderlayes 124nay befyrthgs beobly DEdirs RpERshSréD8 meties2 1

Figure 3b | t - rnaf i t] E ' : . r of
tanper | ndibi RePiatedt) PlbBlthe #EuTboria nETE (A LRFI L BE ST D)
same mannet0)asuhtia roRhbing b nketer 2Quades ovicb eet distandetod R anBerrespediicady.i ng
features. t amper.-i ndi cating ogt i.cal. material 22 jncl udgg a first major

Th [
surfaée 23P5isarbly. KadoRWrslipn 2> Bn s Brederably sRpissquatie of Ises haR <p MMIe sur f ace
23. The RF ' : ' ' Th
socond | ayERnp SRl dhaPlgRh NS TSk, IA6QMertANS] ROl cIER A8, i, T

optical nmaitemial WAR atsnallberaflive she igpol2 Slbehoata sharpof afgheorsud sk camparkd. The
second | ayer of adhesive 26 may include all of the characteristics of the
first |aye® dJMegfREYSve 19 descri bed above. For exanple, the second adhesive

26 may include a variety of portions 10 including different adhesive
strengt hs or neip oge psafeirghenladimentof theoRFEYstidken2(h hefors the dppgfied inetd | ayer

of adhesive 1 escrd b above .i ttached to t first .my urface 23 of
Che  Boci o iba P I S60- BBHE b Beft, LR Z0EEN: RabriBs phadhulBlh - Uil PRR:

t arfper - i ndbeat infegro@plot.CBY rékBbRIihRhpptdpritadly Die isafyaniBabthe devitd 20 citherbatit y

i ndicates that the sticker 30 has been tanpered with, after the sticker 30

has been appitised re-rxliptgs e sentpignal, THs dgeatpray byrseat bofiore sy REM,sHeker 20 is

i ndi cation i ' ' ' ed- i { 4,646, "A
Col or Chanagéehg‘tt?fjgglBlé?\r/E:@l I(‘:%&é ﬁ(%ﬁoaztg{ej#hl%n e allck%,ié\l\%sg Eé}ll @9{3‘?{ re ?/{cfig%g%por at ed
by ref er enqgfacé3NeOnexeammiless af instidgalol & soaipeiM Cuhgaly] Wwgatedin S1aPaul

materials are taught in U S Pat. Nos. 5,510,171, 5,468, 540, 5,591, 527; and
in U8 paMN aspoBigitabbibsay AssistariaYipdel 7940 Avits1 tetsmppotrindisgingragiogur e 3b, t he

tanper - i ndheALLA%dBREHGAbY hA¥HE i€ bedtSeds thdhSdr'@hddo 8Fadild RSt © the
(represented as Ry), the antenna does not respond to the signal sent by the interrogator.
Preferably, the interrogator sends its signal from a distance greater than 15 cm from the
RFID sticker 20. If the antenna of an individual RFID sticker 20 that is adhered to a
20 surface 32 responds appropriately to an interrogator, and at some time later, the antenna of
the sarne RFID sticker 20 does not respond appropriatly to an interrogator, then this is an
( indication that the RFID sticker 20 has been tampered with.
In another preferred embodiment of the RFID sticker 20, before the densified metal
powder layer 12 of the antenna is bent, the densified metal powder layer 12 of the antenna
25 includes a resistance, such as 0.01 ohms/cm for a loop antenna. After the densified metal
powder layer 12 of the antenna is bent less than or equal to a radius of 25 mm (R3), the
resistance of the densified metal powder layer 12 will increase, for instance by a factor of
two. Preferably, after the densified metal powder layer 12 of the antenna is bent equal to
or less than or equal to a radius of 25 mm, the resistance of the antenna increases
30 significantly, for instant by a factor of ten or even increases infinitely. If the densified
metal powder layer 12 of an individual RFID sticker 20 that is adhered to a surface 32 is

measured to have a certain resistance, and at some time later, the densified metal powder
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first major surface 16 of the substrate 14 and the densified netal |ayer 12.
However, optical |ayer 22 nmay instead be attached to the second ngjor
surface DMgocahodtdeeresubstrate, opposite the densified nepal/Uszys03494, by :a
second | ayer of adhesive. Figure 4a and 4b illustrate the ability to

i ndicate that the RFID sticker 20 has been 25 tanpered wth, after it has

been applied to a surface 32. For exanple, the surface 32 may be a surface
of & gl asye RehermeRTAFigee 9 Baeopshpehavingp bigherighisianie. piperialiyised

herei n, i ngl,LGH |.al: | fhe RO i- gl ment of
the RFID g%\%ﬁﬁﬁg%f{)mgﬁl&é%%gﬁef {glﬁer 2% %?%E%Sgﬁgﬁéﬂ{ﬁﬂ%ggﬁéﬁ%@fered

wi th, tinkenaegnpéredwithl tered, nodified, or adjusted after the RFID device

10 or RFID stigcker 20. has, been attached to the 3Q. surface. One exanpl e of
ow 1 he. at t achhERUCHRI) SU NG IR RS ST Ekere el RIBoL R aRe T Ay pa O

|t e er o) i e Bl ety TRY cHeuddSh BRNGhTiERILE he surface

32 is to bend or tfold the densifred netal powd ayer 12. As illustrated
i n Fi gur efudatiort inea cittdit\WDA2AGDIGE(ABRYRCThEISANS X GSdifi2dnt ibesese fi ed net al

powder Ia}/er 12 is phent aradiys Rt. As illustrated in Figure 4b, the
densi f i ed™fEtagFe % PuepRy a fizaisicaghfdeerease if cAAUCHERE to a radius R2. This

bending mot | O“W%M&lhgg»aﬁ%gg@bs%@u SR 'a rs%(%(‘gﬁﬁ@ft%forp hsifigyer 12

(and with it, e entl stic aroun aving a dianmeter equal
to tw ce thal dowdaizer 42 oRtheantdRAa isrteap detdensfiyd niztdPpewderdbyey 12Rfthes nor e

than 25 nmm_ Preferably, R2 |s equal .to or._less than_ 25 mm e referably,
R2 ¥ equé?teli‘@_lﬁ‘ﬁu‘?%sa‘sm?ﬂ‘éﬂ”itg'_ er lgenyified @P@EPW#@% 1EgbareAs br | oss
than 10 g8 Hﬁngr\%ﬁ%ﬁlg@f: rdddl 3D JﬁlﬁigRi)a%%o&&c'ﬁ%itPSf'{h AnfrShAcRET angl e

5 ‘
or arc, as conpare arger radi [n one preferreg enbodi nent of the
RFI D st i ckewde2zOaycbd? wnkk dedreasde Redfénably, afer e de@sifieduietal ipayder 1dgerde of He

antenna i s bent., the antenna responds appropriately . tao a signal sent by an
interr ogaf“H?I.maB@b‘?%%‘bﬁ(ﬁ? Hbgﬁsp_%?'gﬁf”rdg‘ﬂsﬁ%j “i%f&?cﬂg%quﬁﬁﬁt?‘? AR i ce >1/0
ei ther baglrea3¢adigiificaily’ On 5AHL fsBRcdsN@e 86Miuchl @ @derealtll  mh@NAht thRY be sent

before the RFID sticker 20 is adhered to the surface 32 or after the RFID
sti cler 20edswdiyessal pomsisrlayyr Biidfememing bedoes nenrandueive2 If thademsifiadpl e of an

L o9 byt SRR 5 3 B g o e 7,001 2
i denti fi cafeh@ifeddhaida cérbai® 8MdubeFisy, hABR sBie Sktatek Ah@déRBledndat 25 mm
powder layer 12 of the same RFID sticker 20 is measured as having a lower conductivity,
especially a significantly lower conductivity, then this is an indication that the RFID
20 sticker 20 has been tampered with.
In yet another preferred embodiment of the RFID sticker 20, after the densified
metal powder layer 12 of antenna is bent less than or equal to a radius of 25 mm (R,), a ; )
crack or fracture 28 forms in the layer 12, as illustrated in Figure 4b. This fracture 28
indicates that the RFID sticker 20 has been tampered with. In this fracture area 28, a
25 pluratity of metal particles of layer 12 mechanically separates from each other to the point
that a disruption occurs between the particles of the layer of densified metal powder. It is
possible that this fracture 28 will be so small that it will not be visible to the naked eye.
Also, the fracture 28 may not be visible to the naked eye because it will be hidden from
the viewer by the substrate 14. However, this fracture 28 will be enough to canse: 1) the
30 antenna to not respond to an interrogator; 2) the resistance of the densified metal powder
layer 12 of the antenna to increase, most likely increase significantly; and/or 3) the

conductivity of the densified metal powder layer 12 of the antenna to decrease, most likely
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(represented as R2), the antenna does not respond to the signal sent by the
interrogator. Preferably, the interrogator sends its signal froma distance
greater than 15 cmfromthe RFID sticker 20. If the ante f.ar

i ndi vi dualWREB81PEker 20 that is adhered to a 20 surfa%‘gp"g?%%@g%ds
appropriately to an interrogator, and at sone tine later, the antenna of

the sane RFID sticker 20 does not respond appropriatly to an interrogator,
then this j&@Re sishfictty Go bBAmd RcRidueriod ifteREnél iask REANstREPRLEg W th.
In anot her preferred enbodi ment of the RFID sticker 20, before the densified
metal  powdteyrafing enich ZespthanRé mamt sushas i18 nyemortions of therdeinsified mpsal glowdonder

I 12 251 nel ud [ , h 0. 01 ohns/ f
" Gop ant ExHa> AOEM e AU FEEE (RrL P DR T ayer 12 of the antenna i s

bent | ess than Whef@htehetaPpdvdedtiad SrifinalP deniifleRa) dedckiBed EBSlesthansQalof t he
densified netal powder layer 12 will increase, for instance by a factor of

‘two. Pref epabflps ware safficiendlycomprdssetitogethen to sostde the| floyeef dectgeity teought enna i s

bent equal ,t 0 ess, i ha requal, -t o a radius of. 25 th esi st ance of
the ant enng‘e%ﬁg?{é%i@?%gﬁo‘g eéﬁ?yfefg ntfe b?"g}“aqh%ﬁ%{ﬁffl%‘wga%O&%F E%’Fr ﬁen or
even incr ersehah bf édilal ® dradink of 8 nELRBE hiks Of theTiasturd P B&omea Y8 dedafied an

i ndividual RFID sticker 20 that is adhered to a surface 32 is neasured to

have a cer trgd ¥ assuls elepizisity gahoa flogdhwough the mefeldayertlBas ddmgipredoushet Hie

powder -15 2004/ 061762 PCT/ 1JS2003/ 034921 | ayer 12.0of the.sa | D
e cker 207FL REAS(ts SEHESOMA RO A2 JareTaE picp 2K R LB e AR Fmbly

si gnifoi canby yirdibebsing fRShethlaRES 12t TR ik Rih§ this n@Bhdniih &4 f6Ud ihBidbtot At RFI D
sticker 20 has been tanpered with. Conductivity and resistively are

i nver sel y the|RiIBpntenng Restickehastbger ampsred witlk.cuit or 5 densified netal

| ayer suggests a | ower conductivity and equates to the sane |evel of
function in a ciltboiagh ibis ibestrsicditba theeadblesivalaper, 19THersefith the restof thei RFIDant

! o St " e e .
conduct vi SEREF 20 SuBE BRI TR b et TS th it A onr S RO Wkeer 20,
bef ore t headipRive bt 8 ortiRioR khePRNESTe ﬂag%kel@ iy REidk b8 tMIFfaB@-3i,st eNketal he

densified netal powder |ayer 12 of t 10 "ant enna i ncludes a conductivity.
Af t erist he bopsistberdedndtialisposefel tolhayean ddhesifve tayeetththal imclhides atileasstwchan or

P T P R R ARG e
llayer 12 ofeféfice to Figure 3a. Asthe RFID sticker 20 is pulled away from the surface 32, the
second adhesive 19b with its more aggressive adhesive or stronger adhesive strength will
require more force to continue the detachment of the RFID sticker from the surface 32,
20 causing the RFID sticker to pull at a sharper radius, and thus, more likely causing the

fracture 28 to occur, as described above.

It has been described above that Figures 4a-4b illustrate bending of the densified
metal powder layer 12 at a certain radius, and thus, the rest of the RFID sticker 20 is bent
along the same or similar radius. Another way in which to describe this motion is to state

25 that the densified metal powder layer 12 is being folded, curled or peeled away from the
surface 32 and thus, the rest of the RFID sticker 20 is folded, curled or peeled away in a

similar manner.

Figure 5a illustrates an alternative RFID sticker 40 including a layer of
retroreflective material 42. The RFID sticker 40 performs in the same manner as the
30 RFID sticker 20 described above for its tamper-indicating features. The retroreflective

material 42 includes a first major surface 44 and a second major surface 46 opposite the
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antenna is bent equal to or less than a radius of 25 nm the conductivity of
the antenna decreases significantly. In some instances, the conductivity
decr easesweaommmhrsdzhat the 15 densified netal powder Iayeranmmmimmtenna
becones nonconductive. If the densified netal powder |ayer 12 of an

i ndividual RF. 1D sticker 20 that is adhered to a surface 32 is neasured to
have a certain conductivity, and at sone tine |ater, the densified netal
powder | afjet majpr guriagedds e firgt layes of adbesive @9 issatinghes fp&ie ®EORERAIG a | ower

conduct i Vifyye ?ﬁ%?ﬂ%'r@tk%%ﬁ%%%ﬁ&fﬁﬁﬁ?& zg | PR EEPRANGL At dcstz?&@?ﬁcb' s is

an indication stic has been tanp ere

anot her plagéresfradbesévef@diThestcont lijee oRkdHasivt 52 h&achzﬁmemmsmm Abapsi fi ed

nmet al ovvdei( Iaﬁ] 12 of antenna_is_bent Iess@hhan or equal .to a radi us of
ag

25 mm ( Reyurtage. Thessaeorst layerpf pdhesivegZmpapinciude a of rw@araft;@nstae of the st at ed i n
Fi guce 4b t &£ een
tarrpér ed W%ﬂjﬁfmés?%l fgcﬁﬁéﬁegﬁg\;r %}?%gﬁﬂ@% %Qg? ur a%ﬁ?é;iv%?ﬁ B%‘gr?. cles
of layer Rieppeiyniionlihsludiepdifran aﬂh@mee&ehgtbi Gemhay be $thipe pmtdsd or doad a

di sruption occurs between the particles of the layer of densified netal
powder. |WM3RAteHbssible that this fracture 28 will be so small that it will
not be vi si bl vi sible
to the naked :ﬁlgﬁi?té?gb@g"%ﬁ @S ?{ﬁ'q%?er ﬁl?lg‘éé Fé%ﬁ]&%fﬁguéﬁlg@ %3‘; cﬁg substrate
14. Howevetrordflettive maretiaird2. Z@e WHID stiekee @0y@tfotrs inabis eamelhatuiee adtheant enna t o
not respond to.an interrogator; 2) the resistance of the densified netal

powd@r | RYE sticker,20 deperibetk abqafar ats |tﬁepf‘éa§@catrﬁgsfeamieﬁeffye retoredicstve

si gni fi captlVio pomder
ayer 12 o3 @ MisBedhs hihe R ebld it entet® HTEAS SBRAATENR, o

PCT/ US2008¢103uOtit densificiomstal laygri2f by drtseyomirlayen olﬁedmmat‘janmrmhmtonme al |
together. If the RFID, sticker iis bent _a |us much | ess thap 25 nm
such as 1% 55‘?0995@%?3( e TRy B0 Ml@%ﬂctqﬂégierofige Bt ¢ he
ant enna Wald: el foRae iR BveS YRR Lk athBle e AR alSivEBLAhayPRURIGE 2 WaS
originall y&cfenm?éﬁ‘g:aias edESCI’IE J’sabove @ﬁe ?ré ta a5 pfatrtl cl gpl wer ea

suf fisci envdrietcofigppréssdoclbdige tifferent ad}msazlalserengtbs 61 moay bd stepeceatédcortopatetir ough
the densified netal powder |ayer 12. After bending the densified netal
powder | alfyPHB™M | ess than or equal to a radius of 25 mm the area of the

I LaCt ure 28 b%fﬂﬁﬁﬁcwﬂ%ﬂ%ﬁ t@fbreffRflvamarria PR discloBb BRI ISCPAt¥nt AR f | ow
rough the netal 1ayer 12 as it had previously. The
4,588,258, “Cube-Corner Retroreflective Articles having Wide Angulanty in Multiple
Viewing Planes, (Hoopman), and U.S. Patent Number 5,450,235, “Flexible Cube-Corner
20 Retroreflective Sheeting,” (Smith et al.), both of which are hereby incorporated by
reference. Other examples of suitable retroreflective materials are taught in U.S. Pat. Nos.
3,190,178 and 2,407,680. ; )
Figure 6a illustrates a top view of the RFID sticker 20 (with the layer of adhesive
removed for clarity) after the sticker 20 has been bent equal to or less than a radius of 25
25 mm. As illustrated, the densified metal powder layer 12 includes several fractures 28.
These fractures 28 are illustrated as so severe that for purposes of illustration a gap is
shown in the densified powder material 12. The location of the fractures 28 in row help

indicate how far the leading edge of the sticker 20 had been folded away from the
substrate.

30 Figure 6b illustrates another embodiment of an RFID sticker 60. The RFID sticker
60 is the same as the RFID sticker 20 described above, except the densified metal powder
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nmetal particles of the powder layer 12 in the fracture area 28 cannot be
re-densified sinply 10 by straightening the netal layer 12. ° This is why

this rrech&pbﬁwmiﬂ?p%%good i ndicator that the RFD ant ennap&cemsiohﬁ&g%dhas been

t anper ed ugh it is illustrated that the adhesiV ayer st ays
with the rest of the RFID sticker 20 as the netal layer 12 is being bent,
this is not necessary. Instead, all of the adhesive or a portion of the
adhesi ve | py&fis #theBNape@FiadEpdle akibithas iicad 6f 3hopasiehhe TR Rhctdie Jdsaygr is
bended. It Is also useful to have an adhesive layer 19 that includes at

| east two s phiregigrepall in Fv.19a, 19b with differing adhesi ve strengths, as

~described above in reference to Figure 3a. As-the RFID sticker 20 is pulled

away fromthe shribaeé tizExmidiemente obiid RitRescker dtQhibad aboviet the ddTIP stigkgressi ve

dhesi t hesi t t il [ f t ti
The det achER eBREeRSTRPTB R ALEFERED AL 26 PRty G b Eho A b

sticker tociriid368hclBdSNATRAT indAGAS antd 37N Uhe sBRIA ihfek@led $RES BAGANE
fracture 28 to occur, as described above. It has been descri bed above t hat

Fi gures 4aalzady bt mstirab e distrsne pragovionalte titevizd 6f thel antemntad7. doisdrertidutayler 12 at
a certain radi,us, and t.hus, the rest of REI D st.i 0.Ls ben al on
Phe e op SES par Wi e rate e bn L RFHS sidicsh, 5B 40k &b bt iegeRiior Pon Vs
to state 2gduieds thilketodBASdnl REaite iR hcdd@WiRYink A4RAna 22 {sFolded Ngs fiphded, curl ed

or peeled away fromthe surface 32 and thus, the rest of the RFID sticker
20 is fol deqhal wuardadigs of 2p ah dlieraiba pedond antegritei Icirenihdi o@r stillHugetian, Bed

i |lusgrat i | D sticker 40 | di ng. f
et ofter | oBvF s THAPLRkm Ty beriad b lerromelet” B0 paid WY B Biemdsane nanner
as (the 30iiikiRestit@ieIc ARPRSSHIINEd sRBMEorh AR ihttFofAGMBLné ABhAGdr8uld

features. The retroreflective material 42 includes a first major surface 44
and a secofehtdinjone sef of infeena@nowhersesithe fifse intexFehOragby gerdsapond to a

T US2003 a3 et Shoa Rl B o R e Tl o] BBl enesi ve 19 15

attached toO secon ace rore Tve materi al

layer 42. TWenfhbh) Htthe kit addsdcoad tgsated Ganend4, Iaykin iadivRbERFEstRer The
second | ayer of adhesive 52 attaches the RFID sticker 40 to a surface. The

secontf | ay 60 thet isadhersd (ea srlacag2iand betbciranits I 3pmeaycieapatinetn BIHOgaer t he
first 5 | i naggBngiﬁﬁegg%ég O HAPRILIrAEH BRAVE cahfbe '5BIPL Pan hbFREHE

adhesi ve 5
the second integrated circuit 36 can be read by the interrogator, then this is an indication

that the RFID sticker 60 has been tampered with.

There are several uses of the RFID antennas 10 and RFID stickers 20, 30, 40, 50,
20 60 described herein. For example, the RFID antennas or stickers may be applied to a first
surface, then removed from the first surface, and tested for tampering, as described above.
As another example, the RFID antennas or stickers may be applied to a first surface,
removed from the first surface, applied to a second surface, and tested for tampering, as
described above. The RFID antennas and RFID stickers are for asset identification and
25 tracking and are particularly useful for providing additional protection against fraud or

counterfeiting of those assets.

All of the RFID stickers 20, 30, 40 50 may include an optional liner for covering

the layer of adhesive until a user is ready to adhere the sticker to a surface.

The present invention has now been described with reference to several
30 embodiments thereof. The foregoing detailed description and examples have been given

for clarity of understanding only. No unnecessary limitations are to be understood
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variety of portions including different adhesive strengths or may be stripe
coated or coated in a pattern. Figures 5b illustrates another alternative
RFI D sti cwerzebsiToel udi ng a | ayer of retroreflective nmeCEASAI03/4R92iThe RFI D
sticker 40 perfornms in the same manner as the 10 RFD) sticker 20 descri bed
above for its tanper-indicating features. The retroreflective layer 42 is

illustrated as attached to,the second nmj.or,.sur.face 18 of the substrate 14,
opposi t o BE T R PG aid PP R o T B it B8 by o REL | o Cs2
As nenti oRfgencab il HePpeRa0dhdsa ¥Rille®@in B8 ARThAt ng cRBdgek B&] bElRadd n Of the
characteristics of the first |ayer of adhesive 19 descri bed above. For

exanpl e, hhembedigwatsaishesitied avidpuhdepaiting|iipge the seepaafitheinyentionp Jhws.dhe

i ncl udi ng_ dif ent adhesi y tr t.hs (or. e rj coated in
a patterongiéﬁ%?ggwg&1§&?é§?%%F@PQgE?$@QF§E§p%vggﬁﬁkgﬁf§&§§§gm§%§cIosed in
U. S. 5 Pat efsch¥edit@fein, dub&Bhet 59 thé Hoar GamBeritRatyyahefahggdse ve thirdidigk mdhavi ng
Wde Angularity in Multiple View ng Pl anes, (Hoopnan), and U S. Patent

Nurmber 5, %sequsdents pf tebbstarctupe- Coner 20 Retrorefl ective Sheeting," (Smith
et al.), both of which are hereby incorporated by reference. O her exanples
of suitable retroreflective materials are taught in U S. Pat. Nos.

3,190,178 and 2,407,680. Figure 6a illustrates a top view of the RFID
sticker 20 (with the |ayer of adhesive renoved for clarity) after the
sticker 20 has been bent equal to or less than a radius of 25 25 mm As
illustrated, the densified netal powder |ayer 12 includes several fractures
28. These fractures 28 are illustrated as so severe that for purposes of
illustration a gap is shown in the densified powder material 12. The

| ocation of the fractures 28 in row help indicate how far the |eadi ng edge
of the sticker 20 had been folded away fromthe substrate. 30 Figure 6b
illustrates another enbodi ment of an RFID sticker 60. The RFID sticker 60
is the sane as the RFID sticker 20 described above, except the densified
nmetal powder -18 WO 2004/061762 PCT/ US2003/ 034921 layer is in the shape of
a di pole antenna, instead of a | oop antenna. The fracture 28 is a series of
fractures all in a row
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In any of the enbodinments of the RFID sticker described above, the RFID
sticker may include an optional second integrated circuit 36. Preferably,

this secon‘q, i r&ée&r ated 5 circuit 36 includes its own individual antenna 37.
The second™Orf84T4{%d circuit 36 may already be read at &CEHUSEUFO921

proportional to the size of the antenna 37. It is particularly wuseful to
have two integrated circuits on an RFID sticker, so that if the first

i ntegr at edwreA T @i Spvikp 1ss to functi on because its acconpanying antenna 12
is folded TeSs than or equal to a radius of 25 mm then the second

integrated circuit 36 can still function, and 10 thus the RFID sticker may

be read by, ap.interr tor. .lt.is possible that the second. integrated

circuit 3 -Cpaqlgpeggg(glg%ggtr. dlg ﬂscﬂ'é?’fgyl ernglhmc%tthoni #ﬁvgfr%og%@gpg. n one manner or
could contain phdseat iRlndidl LHifBaR sutfltern8as stedith4jst surfategpisRetiel r cui t
34 could respond to a signal froman interrogator in a different manner or

coul d5cont ai n Hirstewajedswéacepfnd i nformation. |f the first and second

integrated circuits 34, 36 .f an j.ndjvidua Fl ticker 15 60 th is
adhered to a st rRaeny Sty alct il i Ayadtey o e SGhaidey it Gf e
interrogator, B¢, vin@En bdilBntedlLlompries ddusHled mdt@odided circuit 34
cannot be read by an interrogator, but the second integrated circuit 36 can

be read by the interrogator, then this is an indication that the RFID

sticker 6 een_ t ed with,  Ther re,. r.al es pf ,th FI D
ot onmas 1 e AEBRATRRRE fra el BALE BB UER A8 P Bl 0
exambe, tdifeoRkkdédpandsaBnasenal, afd WbkeirSafftR yhetampePindRetitOradiof frdg@bncys ur f ace,

then renmoved fromthe first surface, and tested for tanpering, as described
abdve. Asidgiicaien axtenns is bentigguakie oy lgsh tBamasedins oftZSqpay be IYPPHe applied to
a first su Vv . - r , (& second
surface, zLill E\lgi%g tzlégt %g%ﬁg?q%g %Jr?{} ggﬁtﬁ%,gmg{sm%lg éclﬁ r it"%gﬁ rg@%@% .ko Eﬂﬁ Isal%&@[ D ant ennas
and RFID stickers are for asset identification and 25 tracking and are

particularly useful for providing additional protection against fraud or
count er f ei - hf @PperBglicalag gdio froqueneyt idenfiiqaiippdeyicepiglaimd wheeein s 50 nay
i ncl ude an; E q § I %&% il. a user
is rlejlgdy t%&%%sgérgg{ i {;%ﬁg%::l %r%ét?lc@%&y Es]%rng?:gl.e t%gé pi(rﬁglscen |?11)\§g¥1étdiﬁ%11rlléyhas now
been descridewifioatitiantefirer. ence to several 30 enmbodi nents thereof. The
foregoi ng detail ed description and exanpl es have been given for clarity of
under standi ng only. No unnecessary limtations are to be understood -19

4. The tamper-indicating radio frequency identification device of claim 1, wherein the

antenna is readable by an interrogator, and wherein after the tamper-indicating radio
20 frequency identification antenna is bent equal to or less than a radius of 25 mm, the

tamper-indicating radio frequency identification antenna is not readable by the

( interrogator.

5. The tamper-indicating radio frequency identification device of claim 4, wherein the

25 interrogator is at distance greater than 15 cm from the antenna.

6. The tamper-indicating radio frequency identification device of claim 1, wherein the
antenna includes a resistance, and wherein the resistance of the antenna increases when the
antenna 1S bent equal to ot less than a radius of 25 mm.

30
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WD 2004/ 061762 PCT/ US2003/ 034921 therefrom Al patents and patent
applications cited herein are hereby incorporated by reference. It wll be
apparent to those skilled in the art that many changes can be nade in the
enbodi ments descri bed wi thout departing fromthe scope of the invention.
Thus, the scope of the present invention should not be limted to the exact
details and structures 5 described herein, but rather by the structures
descri bed by the | anguage of the clainms, and the equivalents of those

structurez. -2? Vp 2004/d06 762 P&F/ USZOO?/ng 49t21 VHAT IlS. Clﬁ.ﬁl DIS: 1. A

t anper - i ndi cat | KGAFRE SRR B MrWEN T RLET T i LB i PeriRg: a

subst r at ethentedidtshicd @1 thefantenha Bghifitarilyih@eBeaWHerAths f@fih iIFBERIeqBalid ace
opposite the 5 first major surface; and a radio frequency identification
ant enna af®atred radus¢f@Siminst maj or surface of the substrate, wherein said
antenna conprises densified nmetal powder. 2. The tanper-indicating radio
frequency identification device of claiml, wherein the 10 antenna responds
to a signdl, athbe wheeeindicafiteradichizequamyydderitifidatoat demge oé diaon fl y ebgreincy

identifi ti t i bent, .t I t.h i f, 25 th
Lamper . RaRRdRRY T B Seeatis F S idlerths ul i Bt SRt hIIE S copond
to the sigRials.of35 mkhe tanper-indicating radio frequency identification

device of claim2, wherein the 15 signal is sent a distance greater than 15
cmfromthe tanper-indicating radio frequency identification antenna. 4.

The tanpeg-i ndi I _ i i i-f ] eat | i aim 1,
wherein the  atoan e e e L Ter e
t anper - i ntiecatdurgvitpdf the a@@nda ie gigeiticynt] ydeditdefl wdat tleranamne srini squblent  equal
to or less th a radius.of 25 nm the tanper-indicating radio frequency
identificﬁf&ﬁﬁﬂﬂhTEﬁﬁﬁ(gggﬁa?'readable by the interrogator. 5. The
tanper-indicating radio frequency identification device of claim4, wherein
the 25 interrogator is at distance greater than 15 cmfromthe antenna. 6.
The t anpef®i ndTeaampgr-indifiabng radipuissaugngyddentification degise @b vlate lowheipigi m 1,

wherein t 'ﬂ% antenna is conductive, and wherein the antenna is nonconductive after the antenna is

bent equal to or less than a radius of 25 mm.

11, The tamper-indicating radio frequency identification device of claim 1, wherein
after the antenna is bent equal to or less than a radius of 25 mm, the antenna comprises a

fracture.

12.  The tamper-indicating radio frequency identification device of claim 1 {, wherein

the fracture is small or hidden by the substrate so that it is not visible to the naked eye.

13.  The tamper-indicating radio frequency identification device of claim 1, wherein
the antenna comprises a conductive pattern, and wherein the conductive pattern

delaminates after the antenna is bent equal to or less than a radius of 25 mm.
14.  The tamper-indicating radio frequency identification device of claim 1, wherein

the substrate is selected from the group consisting of paper and materiais that are at least

about 10% compressible.
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antenna includes a resistance, and wherein the resistance of the antenna

i ncreases when the antenna is bent equal to or less than a radius of 25 nm
30 -21 7. e 1 -indicating radio frequency identifi | | of

‘cl ai m 6, \Aﬂg)rzgﬁﬂ&?ﬁ%e resi stance of the antenna signifi Cgﬁ%@%ﬁ@%’%ﬁﬁes when
the antenna is bent equal to or less than a radius of 25 mm 8. The
tanper-indicating radio frequency identification device of claiml, wherein
the conducts vihyt pﬂfh@i@ﬂﬁ%ﬁﬁﬁ; fréquefSHaedifivaen Bhecas@anal 4, vHegdH tequal to
or less than a radius of 25 nm 9. The tanper-indicating radio frequency

i denti f i campisnialsdhdt are aficas K% rompighubleiare seldsteddenyel thetgrour (omsistingef ant enna
is signifi ca%l 0redutceglS en t he aet.ggna iwsovgr?ﬂlta %gﬂal to or less than a
radi us of 25 ROt HE ’tanpgy@qlﬁla' ¢ iaﬂ(& radi o %er equency identification
device of claiml, wherein the antenna is conductive, and wherein the

antenna i s _nonconductive after the antenna is bent equal to or |ess than a
radi u§ of 26 Fhe tamper-ipdicatingwadio fremrenest idpefificatipn deHearfchsin 1.odwreinihet i on

devi ce of PN in fter.the i.S:. hent Lt . ss t han
0 i ol e IS LB RSB BB SRR ol sl
t anper - i ndi6ta} plagnind Alhenihi@asiers Yirdit efkkl, kincahd alloydevid eémbinatibad tiekdf. Wher ei n

the fracture is snall or hidden by the substrate so that it is not visible
to the naked eye. 13. The tanper-indicating radio frequency identification

devi ce of i wher.ei t he ant enna. }:.se c tiv rn, and
wherein t hy‘?‘cl;ﬁ%lﬂa |r\?%’d%aaﬁ?%Ifaﬁmdfg?qélﬁpcr?&tdg%@%a@? ﬁ?\ﬁ%c anqyéﬁln% "lﬁ}s&%é&\lfe equal
to origl essaitb@ih ifaleugh dntengd. 25 Nm 14, The tanper-indicating radio frequency
identification device of claim1, wherein the substrate is selected from

t hé group consisting of paper and naterials that are at |east about 10%
conpr essi bl g. -~ - : . 1he :

t anper - i ndglg'a?lhﬁém ad%g%?g%ﬂ%ﬁ%ﬁ%@#?@ rlgcﬁéctglﬁélgaévé\:/ell%ed%lﬁl %:’I‘%}llerﬁ?lﬂg,le wher ei n
t he antenna is a dipole antenna.

15 19. The tamper-indicating radio frequency identification device of claim 1 further

comprising a protective layer on the antenna.

20. A tamper-indicating radio frequency identification sticker, comprising:
a substrate including a first major surface and a second major surface opposite the
20 first major surface; and
a radio frequency identification antenna attached to the first major surface of the
{ substrate, wherein said antenna comprises densified metal powder;
a first integrated circuit attached to the antenna; and

a first layer of adhesive attached to the substrate.

25
21. The tamper-indicating radio frequency identification sticker of claim 20, wherein the
first layer of adhesive is attached to the second major surface of the substrate.
22. The tamper-indicating radio frequency identification sticker of claim 20 further

30 comprising a layer of retroreflective material including a first major surface and a second

major surface opposite the first major surface, wherein the first major surface is attached

to the first layer of adhesive.
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materials that are at |east 10% conpressible are selected fromthe group
consisting of mcroporous materials, nonwoven materials and woven

mat er i al swo2edfos176Be t anper-indi cating radio frequency pdemstdos/ombiion devi ce
of claim1, wherein the densified netal powder is selected fromthe group
consi sting of copper, tin, lead, silver, gold, platinum alum num nickel,
iron, steel, zinc and alloys and conbi nations thereof. 17. The
tanper-indicating radio frequency identification device of claiml1, wherein
the 10 anpte | L : : 3 g e palal j Lo frequency
identifi cg%i gﬁ@%@egéddggaggg%ﬁlgr,@qﬁg éd;Eﬁﬁft %%mgﬁ%kggﬂgegghgggérggke ant enna.
15 19. Theomariyieg « sevdhd kyengf adhdsioe dttaetieibrodie sadend irfajor atifare aheofitibelagér cl ai m
1 further _conprjsing a protective |ayer on the antenna. 20. A

t anper - i nélfﬁegtoferf’@c‘i“éf'd??}e‘%ﬂequency identification sticker, conprising: a
substrate including a first major surface and a second najor surface
opposite the 20 first major surface; and a radio frequency identification
ant enna at#athe thniperdiddécating sadiorfiequensy ideatficatibn tstieker sfiblatm a8 éyrthaher ei n sai d
antenna conprises densifjed nmetal powder; a first integrated circuit
attached COMPHYNHA{BFPE:the prgond Iaver ek adhesies- of adhesive attached to the
substrate. 25 21. The tanper-indicating radio frequency identification
sticker of claim20, wherein the first |ayer of adhesive is attached to the
second nma26r Thetdngeeimlicating ralib feqadney id2atifiddtien stdckee bf tlanh 2t witgein algh o
frequency jdentifjcation sticker of claim?20 further 30 conprising a |ayer
of ¥t ror &rstdaser gbadhativg 1 ttaghed to thefgteRnd r st maj or surface and a second

maj or surface opposite the first najor surface, wherein the first nmjor
surface is attached to the first |ayer of adhesive. -23 WO 2004/ 061762

PCT/ US200260 348 pinpeR-tdichhieg raiip &equandy aehiificptiondiickefr pEclapne§ furthent i fi cati on
sticker of clai.m Zf furft her _conpri si nﬁ_a secong | ayer of_ adhesive Dglt'tached
to the seCOMBIIHAG BlaYELpirgerelRctye miferiql iplpding,p it magrsnriaes ande sieidh i al .

major surface opposite the first major surface, wherein the second major surface is

15 attached to the first layer of adhesive.

27. The tamper-indicating radio frequency identification sticker of claim 22 further
comprising a second layer of adhesive attached to the second major surface on of the layer
of retroreflective material.

20
28. The tamper-indicating radio frequency identification sticker of claim 27 further

comprising a liner on the second layer of adhesive. : j

29. The tamper-indicating radio frequency identification sticker of claim 20 further

25 comprising a layer of retroreflective material attached adjacent to the sticker.

30. The tamper-indicating radio frequency identification sticker of claim 20 further

comprising an indicia printed on the sticker.
30 31. The tamper-indicating radio frequency identification sticker of claim 20, wherein the
first adhesive layer comprises a first adhesive portion and a second adhesive portion,

wherein the first adhesive portion includes a first adhesion strength, wherein the second
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5 24. The tanper-indicating radio frequency identification sticker of claim
23 further conprising a liner on the second | ayer of adhesive. 25. The
tanper-indicating radio frequency identification sticker of claim 20,
wherein the 10 first |ayer of adhesive is attached to the antenna. 26. The
tanper-indicating radio frequency identification sticker of claim?25 further
conprising a layer of retroreflective material including a first najor
surface and a second mmjor surface opposite the first najor surface
wherein t S. .1 ch

adhesi ve, Q§§§$%ﬁ&qggﬁkg%@?% (%ﬁfa&WMV§§%%g feﬁﬂgﬁgemqg ‘Fo?lca %5% sti cker
of cl ai m @&nfhris geater thanytd ﬁmrrgihaslﬁmmngthl ayer of adheS| ve attached to the
second mgj or surface on of the layer of retroreflective material. 20 28.
The tanper-indicating radio frequency identification sticker of claim?27
further compriphdimperl inaeamcgﬂraa#aereaﬁ%?ddénameétm%ua@m%$bl\aﬁn 20 furh@r The
tanper-indicating radio frequency identification sticker of claim20 further
25 conpr i simiyising alprer ob famperintieding oplicad materiet dtakhestto sshsdigkerdj acent to the
sticker. 30. The tanper-indicating radio frequency identification sticker of
claim?20 further conprising an indicia printed on the sticker. 30 31. The

t anper - i ngj.cat Tirgampel-indicatgadioyrdqdentyiiddncifitition stithes lo@claivnh 32, vatierai2 0,

wherein the first adheajve | ayer conpri.s s a fjrst adhe5|ve portlon and a

second adWedavseoliampeondicaipeonticl majerial jinclydes g fisd imalonsyrasesmdiasesaides a
first adhggiopBurtlct 8pstishte twmgﬁha]o; H8ra8L GAMN A herdth RO h?s%na%r ddhépik isncl udes a

second adhesive strength, and wherein the second adhesrive strength is
greater t #tashechie the sestoncmjhjes purace of ngubisira® 2nd Hrattackadpe the firdti roaiot ng radi o
frequency_i ent é atlo St further conprising a |ayer of

0.
| ondae Yl BETM bt BB bk e N AN T oot Sher 35 O1he

tanper-indicating radio frequency identification sticker of claim 32,
wherein the |ayer of tanper-indicating optical material includes a first
maj or surfhce B*Pf‘da@%fe’(’}éﬁéltm%ﬂ@rffeélu?lfcé(d@%ﬁ%&"ﬁéc'tqﬁ@f elany 82.y¢ljegsin sur f ace,

and wher ej 11Afof thinPlr-maXEin P ptRANEALYA idSudes a first major surface and a second
major surface opposite the first major surface, and wherein the first layer of adhesive is
attached to the antenna and is attached to the second major surface of the layer of tamper-

indicating optical material.

35.  The tamper-indicating radio frequency identification sticker of claim 32, wherein
the layer of tamper-indicating optical material is configured such that after the sticker is
removed from a surface, the layer of tamper-indicating optical material visibly indicates the

sticker was removed from the surface.

36.  The tamper-indicating radio frequency identification sticker of claim 20 further
comprising
a second integrated circuit attached to the substrate, wherein the second integrated

circuit includes an antenna.

37.  The tamper-indicating radio frequency identification sticker of claim 36, wherein

the second integrated circuit comprises a radio frequency identification antenna.
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attached to the second nmajor surface of the substrate and is attached to the
first major surface of the layer of tanper-indicating optical material. 34.
The tanper-indicating radio frequency identification sticker of claim 32,
wherein the layer of tanper-indicating optical material includes a first
maj or surface and a second mmjor surface opposite the first mpjor surface,
and wherein the first |ayer of adhesive is attached to the antenna and is
attached to the second najor surface of the |layer of tanper- indicating

opti cal erial, : . r-dandicating.radio. fre ncy,hdenti.fication
sticker of ‘cl a?]Fh: @%?’Br'-ﬁg'r%gf'ﬁgmﬁ 'r?ef reiqéjflrécg '%?n%tﬁ ﬁfﬁrgoélrs-nflﬁe %ggairxnéb’o‘f) el

mat eri al the aarnhd geoefigeto redpahd af 4 dpndl hedsthepdiesfidrshe tampenviddichtirgm a
surface, the &%éer of t er-indicatin op}ical terial, visibly indicates
the sti R8P FeleReRayRHICRighinHwadybenhequal wer lesp than 2adivs Phefi BB g radi o
fr equenCYtahﬂﬁﬂtthibﬁﬁF'er]o %h@éﬁ@f idehti GdaBbMhgiBndal§ hb&apalO 8P tnBfg 3o S€cond
integrated circuit attached to the substrate, wherein the second’integrated
circuit iHelsiggels an antenna. 37. The tanper-indicating radio frequency
identification sticker of claim36, wherein the second integrated circuit
conprises a radio frequency identification antenna. -25 38. The

t anper - i n@j.cat Thgampei-ndfca@fiRoRYrdqalentdyi ifl dntificativn ssitkerlo€tlabh 38)vathemin 0,
wherein the antenna }s configured tq respond to a signal, and wherein after
the t anpeciaRENRmEsiCARfYrediogesPoRe thehdignal gt iTam & distse giseehianile cBent equal
to or less than a radius of 25 nm the tanper- indicating radio frequency
identification antenna is not capable of responding to the signal. 39. The
t anper - i nd?.cat Thegtamadii-mdiceéngiadmyfrdqderyiidéntificatom stickasloéclagh 2¢, valianis g,
wherein he antenna i onfiqgured to respond to i gnal_.s froma

di st ance JranfBs PRgae 533 S Eureer ERRET st B BriEPingBRlhy teency
identifi catquencypidestifeation attb@iarty Béht eyt (o lessttig satiRBbA23 Mo, eiadalbpe- by an
interrogator, .and wherein after_ the tanper-indicating radio frequency

i dent i fi cHadigHN&RREERIUPRCYDsR!Nsalen anteng s n%g@dﬂr{%ﬁy SelB@aEYF 25 nin, the
tanper- indicating radio frequency identification antenna is not readabl e by
the interrogator. 41. The tanper-indicating radio frequency identification
sti cker oftl.cl alim Atpemindicaiimg radio frequency identification sticker of claim 40, wherein

the interrogator is at distance greater than 15 cm from the antenna.

42.  The tamper-indicating radio frequency identification sticker of claim 20, wherein
the antenna includes a resistance, and wherein the resistance of the antenna increases when

the antenna is bent equal to or less than a radius of 25 mm.

43.  The tamper-indicating radio frequency identification sticker of claim 42, wherein
the resistance of the antenna signiticantly increases when the antenna is bent equal to or

less than a radius of 25 mm.

44,  The tamper-indicating radio frequency identification sticker of claim 20, wherein
the conductivity of the antenna is reduced when the antenna is bent equal to or less than a

radius of 25 mm.

45.  The tamper-indicating radio frequency identification sticker of claim 44, wherein
the conductivity of the antenna is significantly reduced when the antenna is bent equal to or

less than a radius of 25 mm.
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the interrogator is at distance greater than 15 cmfromthe antenna. 42. The
tanper-indicating radio frequency identification sticker of claim 20,
wherein the antenna includes a resistance, and wherein the resistance of
the antenna increases when the antenna is bent equal to or less than a
radius of 25 mm 43. The tanper-indicating radio frequency identification
sticker of claim42, wherein the resistance of the antenna significantly
i ncreases when the antenna is bent equal to or Iless than a radius of 25 nmm
44. The t er 4 ndi ] .adi q. frequency. 1. ifi.cation sti,cker of claim
20, wher e?%p tﬁée %@%g‘{]@? %\&/‘tlr"?gymg iﬁqcéle'gﬁt%eﬁl ﬁlggé}éonrsgg%é &d d\f\‘hné ﬁg’t\ﬁ}gr%{ﬁt enna is
bent equathetanteana isessdictios aad whadiribe afteatha ismoncdhduciine atanhesinemdiicat i ng
radi o freguency identifjcatiqn sticker of claim44, wherein the
conducti v ?9e%‘”FH€q$ﬁﬂ mﬁ§S§FE§FWPcantly reduced when the antenna is
bent equal to or |less than a radius of 25 mm -26 46. The tanper-indicating
radio frequency identification sticker of claima45, wherein the antenna is
conduct i vé&7. antheampei-indichéngratorireguerscyridantibnaitntstivker af tleim £6evhiangienna i s
bent equal or s han di of 25.. 7. The t er-indicating
Fadi o1t ot hierRd hE R L0 B TR ey ML RERFEET R e
antenna i gakemet equal to or less than a radius of 25 mm the antenna
conprises a fracture. 48. The tanper-indicating radio frequency
identification sticker of claim47, wherein the fracture is small or hidden
by the subgtraige @RipbN@lichfin SdROteqhbilyRi&iRatldRGDR ©F cRUF 47, Wikreid NE
whor el n | fiedaaainmat onpickisnty thscobielso it [t nervivipalihenaked ayct he

ereln raglwrenwag o geBy HCCO Y rvisibig ayct ne
conductive pattern is configured to delam nate after the antenna i s bent
equal to or less than a radius of 25 mm 50. A nethod of indicating a radio
f r equency49.denThd tagpbi-DdicatinCredio RageRgafentifoRBneMcker@PbRIh 30 Nghekdie St eps
of : attaching a tanper-indicating radio frequency identification sticker to
a first stiiepg®Eana copprsises hearachveriseem; Myl Wharsinghar cirvrtne Saitnéy

I dentificgf 'ﬂgﬂréﬁ% 8K GhinafPITRE itl%gzlgenﬂa RURRH dq@hiGo bPRA VLAY cidd J1S% nifR) OF

surface an second nmmj or sur

50. A method of indicating a radio frequency identification sticker has been tampered,
comprising the steps of:
attaching a tamper-indicating radio frequency identification sticker to a first surface,
wherein the tamper-indicating radio frequency identification sticker, comprises:
a substrate including a first major surface and a second major surface
opposite the first major surface;
a radio frequency identification antenna attached to the first major surface of
the substrate, wherein said antenna comprises densified metal powder;
a first integrated circuit attached to the antenna; and
a first layer of adhesive attached to the substrate;
sending a signal to the tamper-indicating radio frequency identification sticker
attached to the first surface;
receiving a response from the antenna;
removing the tamper-indicating radio frequency identification sticker from the first

surface; and
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opposite the first major surface; a radio frequency identification antenna
attached to the first major surface of the substrate, wherein said antennha

conpri seswoensidsimwd nmetal powder; a first integrated cipcoutmitashed to the
antenna; and a first |ayer of adhesive attached to the substrate; sending a
signal to the tanper-indicating radio frequency identification sticker
attached to the first surface; receiving a response fromthe antenna,

removi ng t he t sanging-thoeipesd e thy tamprrdndicdingandip fregeencyfidensificatiprstticktter fr om

the first sur%&cﬂe&t r&glq%ﬁ 2% e}[ﬁ%@g?%ﬁﬁp&l]ﬁgmﬁql US2003/ 034921 sending the

signal to the tanper-in adio Frequency identification sticker and
not receiving a response fromthe antenna. 51. The nethod of claim 50,

wherein the renovi ng step comprises bending the tanper- 5 indicating radio
f r equency?}-dEhe methed of elaios R .arhezein dhestemeX S SGPLOMPEIse bepdingthe tgmperrhe et hod

of cl.ai m {0 | ' ' ' signal from a
distgnce g@ggpggﬁ@kﬂ%&ﬁgnéﬁ@a?gg?ﬁﬁéE@%ﬁ%@%*?ﬁ%}%gﬁﬂﬁgggggﬁg'frequency
identification sticker. 10 53. The nethod of claimb50, conprising after the
removing step, the step of: attaching the tanper-indicating radio frequency
i denti fi cadi ghc methed of clgign 80, yehesrin thesigndiag étepfsnm:scsxaeﬂ@mgw sagna] figRncat i ng a
radi o freguency. id £ ] sti cker has. b . i:sing the
Creps of - TAREIER piEeL el T8 b R g i B R Bl RS 10,
sticker teaigef.irst surface, wherein the tanper-indicating radio frequency
identification sticker, conprises: 20 a substrate including a first major
surflice and a second nmjor surface opposite the first major surface;

53. The method of claim 50, comprising after the removing step, the step of:
attaching the tamper-indicating radio frequency identification sticker to a second

surface.

15 54. A method of indicating a radio frequency identification sticker has been tampered,
comprising the steps of:
attaching a tamper-indicating radio frequency identification sticker to a first
surface, wherein the tamper-indicating radio frequency identification sticker,
comprises:
20 a substrate including a first major surface and a second major surface
opposite the first major surface;
a radio frequency identification antenna attached to the first major surface ; )
of the substrate, wherein said antenna comprises densified metal powder; |
a first integrated circuit attached to the antenna; and
25 a first layer of adhesive attached to the substrate;
measuring a first resistance in the antenna,
bending the tamper-indicating radio frequency identification sticker less than a
radius of 25 mm; and
measuring a second resistance in the antenna that is higher than the first resistance

30 of the antenna.
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a radio frequency identification antenna attached to the first major surface
of the substrate, wherein said antenna conprises densified netal powder; a
first inte‘?rated circuit attached to the antenna; and 25 a first |ayer of

‘adhesi ve alPaMHOGEH the substrate; measuring a first rBSVUPHRYEYH the

antenna; bending the tanper-indicating radio frequency identification
sticker less than a radius of 25 mm and neasuring a second resistance in

the ant enngs t Lol bPH&In 54 £ 11l deSdnd BSibEARNE e Aera i§ Ben@RbARNA.
78 \\D 2004/ 061762 PCT] 1Jszdg°§?°%%49 T R et hod of cl’augE 54 Wher ei n
t he secondhigksitbarathe &rit mesishmcant dweraatensa.si gni fi cantly higher than the first
resi stance of the antenna. 56. The nethod of claim54 wherein the bending

step conprises renoving the tanper- 5 indicating radio frequency

i denti ficagd opheShbthk@br Elaihs4 WBedeld BE béﬁﬂiﬁgﬁ@n%cgrﬁpris-gg?elﬂ@&iﬂg’%e%mﬁé@i m 56,
further conprising, after the bending and Tenbving step, thé step of:

at t achi ng indizatimgmdio-frapicneat idegificatdonstiakenfiemdle fidesiwfacecat i on sticker to a
second 10 surface. 58. A nethod of indicating a radio frequency
identification sticker has been tanpered, conprising the steps of attaching

a tanper-i sfli Rt hBGod 8HEIRINt 56 FHERG X olrPEiShk | dffed tHeMndink GK8 kerh&viRg bbp She 15
surface, wherein the tanper-indicating radi o frequency identificatlon

sticker, &empfises: a substrate including a first major surface and a

second mgj or surface opposite the first.mjor surface; a.radjo frequency
Cdent i 1 cation HHEERECPIREG AR HEN fodntarutiipn ickesls pecp
substpat e, whergifcsai d antenna conprises densified netal powder; a first

integrated circuit attached to the antenna; and a first |ayer of adhesive
atttached to the substrate;

58. A method of indicating a radio frequency identification sticker has been tampered,
comprising the steps of:
attaching a tamper-indicating radio frequency identification sticker to a first
15 surface, wherein the tamper-indicating radio frequency identification sticker, -
comprises:
a substrate including a first major surface and a second major surface .
opposite the first major surface;
a radio frequency identification antenna attached to the first major surface
20 of the substrate, wherein said antenna comprises densified metal powder;
a first integrated circuit attached to the antenna; and
{ a first layer of adhesive attached to the substrate;
measuring a first conductivity in the antenna,
bending the tamper-indicating radio frequency identification sticker less than or
25 equal to a radius of 25 mm; and
measuring a second conductivity in the antenna that is lower than the first

conductivity of the antenna.

59. The method of claim 58, wherein the second conductivity in the antenna is

30 significantly lower than the first conductivity of the antenna.
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measuring a first conductivity in the antenna; bending the tanper-indicating
radi o frequency identification sticker less than or 25 equal to a radius of

25 mm angogmasaitglg a second conductivity in the antenparitygadosiossobpower than
the first conductivity of the antenna. 59. The nethod of claimb58, wherein

t he second conductivity in the antenna is 30 significantly | ower than the
first conductivity of the antenna. -29 WD 2004/061762 PCT/US2003/ 034921 60.
The net ho60.0The ugthed36 clabe 58 iwhetdie thsdsuding stepepmptisgsemewing dheotainper-t he

tanmper- indicating.radio freguency identification sti.cker fromthe first
surf ace. g’%“‘%ﬂ%m}%é? ﬁS%PeB?yI%I%%?%% I,’Stf“gqrefﬁg’ﬁ“%@%ﬁbﬁlis %S after the bending
and renoving step, the 5 step of: attaching the tanper-indicating radio

frequency identification sticker to a second surface. 62. A nethod of
i ndi cat i n§l.aThagiethotrof glain 60, fudbendompsisingoafter thehaadingandseraoving fispribel, 10

conpr.i si ngtFt hﬁ‘ steps of: attaching a tanper-indicating radio frequency
i denti fi cXfP8h sticker to a first surface, wherein the tanper-indicating

radi o frequencyitdciidtthé taadlet-BMiGtihE kRfio freGRABY id@RBfication YSer &) £sdcbid udi ng a
first major surface and a second major surface 15 opposite the first mjor

surface; a radbswidceequency identification antenna attached to the first
maj or surface of the substrate, wherein said antenna conprises densified
nmetal powder; a first integrated circuit attached to the antenna; and a

first layer afmadbest micalidsRamh fr@yuehe PbRSidafbe stickéPn¥BRSH fanffere, f i 1 st
conductivity in the antenna; bending the tanper-indicating radio frequency

i dent%i f i ceempsing thelstaps bEss than or equal to a radius of 25 nm and

reasuring a Segond GONGEL! ikt Mabid A6 Bed (bl S0l S Whs! o

surface, wherein the tamper-indicating radio frequency identification sticker,
COMPIiSEs:
a substrate including a first major surface and a second major surface
15 opposite the first major surface;
a radio frequency identification antenna attached to the first major surface
of the substrate, wherein said antenna comprises densified metal powder;
a first integrated circuit attached to the antenna; and
a first layer of adhesive attached to the substrate;
20 measuring a first conductivity in the antenna;
bending the tamper-indicating radio frequency identification sticker less than or
equal to a radius of 25 mm; and = U

measuring a second conductivity that indicates that the antenna is nonconductive.

25 63. The method of claim 62 wherein the bending step comprises removing the tamper-

indicating radio frequency identification sticker from the first surface.

64. The method of claim 63, further comprising, after the bending and removing step, the
step of:
30 attaching the tamper-indicating radio frequency identification sticker to a second

surface.
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25 63. The nethod of claim 62 wherein the bending step conprises renoving
the tanper- indicating radio frequency identification sticker fromthe first
surface. 6 ] hod of claim63, further conprising, ndi ng
"and rennviﬁré)zjsgpg%, he step of: 30 attaching the tanper Plﬁtﬁgﬁé%{spﬁ‘ggfadi o]
frequency identification sticker to a second surface. -30 WD 2004/ 061762
PCT/ US2003/ 034921 65. A nmethod of indicating a radio frequency
identificagsom sbhek el ildasiReehdiAIBRREy idef@NRion isticket hs e REenMred,
attaching a tanper-indicating radio frequency identification sticker to a
first surtemplisipghdiestapsohie t anper-indicating radio frequency identification
sticker, 5 conprllses: subst.,rat.e includin Fk MR r and a
second nmj or sura{t%lccéng %%‘8185{' éhctah]égfaiﬁfos e%?(@?ldgﬁrl ée?gg};? %tggkr@ gg)l cj(l)ﬁ!fcsr?equency
identification safgRhehétinabdeehdepiddiutiht fadio FMB@hce Wehafieationfstitite,
Ssubstrate, wherein said antenna conprises densified netal powder; 10 a
first 3 ntegratedO®prEgit attached to the antenna; and a first |ayer of
adhesive attached to_t bstrate; i-ng.t E"ﬁf? - ndi cat | radi o
frequency identifi ca?isgﬁsu:a%%‘f(l%&lngéls}cg&gﬁ%ﬂlg%]&%%qua ?{cghgﬂiragogis{d@&gf 25 mm
and formng a fI‘aCtprpésﬁteit}ﬁeﬁﬂglaﬂhj@rwrﬁﬁgﬁncy identification antenna. 15
66. The nmethod of claim65 wherein the bending step conprises renoving the
t anper- indicating radediofreaepnenidentifieationfanteant atached witbe first srajensuripge st
surface. 67. The neth Q |_ai m fL r c risi . [ endi ng
and renovi ng step, tﬁgﬂlefgbsgltagepwgg gmﬁ#éa%:lﬂ?%nga Qt%% Sgsrr%%ﬁlﬁ éré‘%é%@”?ﬁ’&grr adi o
frequency identifi catifas ifteeledritait attsbhedfitthe sheh@gand 68. A met hod of

indicating a radio frequency identification sticker has been tanpered,
{ a first layer of adhesive attached to the substrate;

bending the tamper-indicating radio frequency identification sticker less than or
equal to a radius of 25 mm; and

forming a fracture in the radio frequency identification antenna.

15
66. -The method of claim 65 wherein the bending step comprises removing the tamper-
indicating radio frequency identification sticker from the first surface.
67. The method of claim 66, further comprising, after the bending and removing step, the
20 step of:

attaching the tamper-indicating radio frequency identification sticker to a second

{ surface.

68. A method of indicating a radio frequency identification sticker has been tampered,
25 comprising the steps of:
attaching a tamper-indicating radio frequency identification sticker to a first
surface, wherein the tamper-indicating radio frequency identification sticker,
comprises:
a substrate including a first major surface and a second major surface

30 opposite the first major surface;
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25 conprising the steps of: attaching a tanper-indicating radio frequency
identification sticker to a first surface, wherein the tanper-indicating
radi o frewoeneyosi@entification sticker, conprises: a shOBUS20®0340ZI udi ng a
first major surface and a second major surface 30 opposite the first mjor
surface; -31 WO 2004/061762 PCT/ US2003/ 034921 a first radi o frequency
identification antenna attached to the first major surface_of the

substrate, wherein 3574TadiR Brgrenenidsniibeation anienta dtached taithe Hphasior a first
integrated circuit EE eeHRdsd 3 ircuit
attached to the subgﬁagggﬁ%\ﬁg?&el}ia%’taﬁél%secodn%ta}%t eg]?)atsesdrﬁeggi?c%ﬁ%tagorrpri ses
a second antenna; apewderfirst |ayer of adhesive attached to the substrate,;

sending a signal to t_he,tarryer-j ndi cat | r:ig radi o frequency identification
sticker attached t®lishEtegrated ciugpt aftashedily thegdeiithg a response fromthe

first antenna and f£§é£})hé‘ﬁue°g§£t9&‘9ir { §ABRed b ipSigait ehdr@RE! seb Bl cating
radi o frequency identitication sticker Tfromthe first. surtface; sending the
signal to the tanpeindgraedetduitgongpdises 4 seequibmaynnadant i fi cation sticker; and
15 receiving a signal. fromthe second antenna and not receiving a response

fromthe. first ant8hieyesdf adhpavepiached othesubsHMB3, further conpri sing,
‘ ; g . § o _ er conpri gi
e ey | Som et S W\ PRy Shdica i LARD G 07 AR RR! 0 radio

frequency iden n sticker to a se

t anper - i ndi cat ateeghédhtdithe firsespu€iaey i dentification sticker, conprising: a
substrate including a first major surface and a second mmj or surface
oppd¥ite the FCP¥MgAEonsg remthe fighh aptema apd drogy Bespeand antenag)| ected from

the group co nsfe?ﬁdvﬁgg the tamper-indicating radio frequency identification sticker from the first
surface;

sending the signal to the tamper-indicating radio frequency identification sticker;

and
15 receiving a signal from the second antenna and not receiving a response from the.

first antenna.-

69. The method of claim 63, further comprising, after the removing step, the step of:
attaching the tamper-indicating radio frequency identification sticker to a second

20 surface.

70. A tamper-indicating radio frequency identification sticker, comprising: )
a substrate including a first major surface and a second major surface opposite
the first major surface, wherein the substrate is selected from the group consisting
25 of paper and materials that are at least about 10% compressible, and wherein the
materials that are at least 10% compressible are selected from the group consisting
of microporous materials, nonwoven materials and woven materials; and
a radio frequency identification loop antenna attached to the first major surface of
the substrate, wherein said antenna comprises densified metal powder, wherein the
30 densified metal powder is selected from the group consisting of copper, tin, lead,

sitver, gold, platinum, aluminum, nickel, iron, steel, zinc and alloys and
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25 of paper and materials that are at |east about 10% conpressible, and
wherein the materials that are at |east 10% conpressi ble are selected from
the group consisting of mcroporous materials, nonwoven materials and woven
materials; and a radio frequency identification |oop antenna attached to the
first major surface of the substrate, wherein said antenna conprises
densified netal powder, wherein the 30 densified netal powder is selected
fromthe group consisting of copper, tin, lead, silver, gold, platinum

al um num _niwe My . 71 I = i.nations thereof;
and wher e(l:dri:mtﬁ eﬂoprséthgfg&;f)bmﬁeégﬁrﬁ%g%ppﬁ'&dgwggﬁﬁ% :eégal ﬁ%ﬁ?’t‘%g% tlls?gape of
spheres, skpooiphcandbpoliy medpalyhadri;i rst integrated circuit attached to the

antenna; and a firit | ayer of aqggﬁime attached to the substrate; wherein
the antenna rsPEShiiieeraledciguyagpc e AP RAYE greater than 15 cm from

the tanper-indi fgt lap& Jradh@ivers@aeRa ¢y thedeiithfcl cation sticker, and wherein
after the tanper- indicating radio frequency 1dentification sticker is bent
equal to or | egkereindhe aptengairesporsts to g sigahsentinadistangsreatesdhanal ey fremdi o
frequencyy k1 cati . . - 1 i gpal and
the-ant op e Sfel Bk Py Ry AL LRI RQREn Akl SRPARGeN' ot [ BT, Ste
so t hat i indicstimpadwi fegbtreytidentifieativmleaidkee yeben dquaorcadiéss tanexqadincyf 25

identificatign antenna, conprising: a.substrate includi a first mjor
surface b TeSRBRSTA g e eaiprisaBenss i Teaton loorimyaana fesdiot epindce: and a
radi o fre@urhgyndl dedinkfaheahd @mnd;ﬂrsé@mact@%ttm eghdlCortii@ich by She Mtdie SUr f ace
of the substrate, wherein said antenna conprises densified netal powder.

72. The rudhy it s@aguepible tpdanaked ¥t i on antenna of claim 71, wherein the
substrate is selected fromthe group consisting of paper and materials that
are at |east about 10% conpressible. 73. The radio frequency identification
ant enna ofl.cl ahmdi@ freqdeaceident fxatiombeenrml sorbprising: are at | east 10%

conpressi ble are sel ected fromthe group copsisti of m_croporou
Tt erial s, norfebarAcbiding allishranBHElch s raped Molpr surfige PBRASHS it quency

identi fi cali ARjorRBRAaNAf claim 71, wherein the densified

a radio frequency identification antenna attached to the first major surface of the

substrate, wherein said antenna comprises densified metal powder,

72.  The radio frequency identification antenna of claim 71, wherein the substrate is
selected from the group consisting of paper and materials that are at least about [0%

compressible.

73. The radio frequency identification antenna of claim 72, wherein the materials that
are at least 10% compressible are selected from the group consisting of microporous

materials, nonwoven materials and woven materials.
74. The radio frequency identification antenna of claim 71, wherein the densified
metal powder is selected from the group consisting of copper, tin, lead, silver, gold,

platinum, aluminum, nickel, iron, steel, zinc and alloys and combinations thereof.

75.  The radio frequency identification antenna of claim 71, wherein the antenna is a

loop antenna.
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nmetal powder is selected fromthe group consisting of copper, tin, |ead,
silver, gold, platinum alumnum nickel, iron, steel, zinc and alloys and
conbi nations thereof. 75. The radio frequency identification antenna of
claim71, wherein the antenna is a |oop antenna. -33 76. The radio
frequency identification antenna of claim 71, wherein the antenna is a
di pol e antenna. 77. The radio frequency identification antenna of claim71
further conprising a protective layer on the antenna. 78. A radio frequency
identificationysti Lk Sk r.adi o i.dentification antenna
of ol ai m T, an b0 ficafEDTashliBe B oL O N et mheb SR BT S d
t he ant endippleamennaa first | ayer of adhesive attached to the substrate. 79.
The radi o frequency identification sticker of claim78, further conprising a
| ayer of retroreflective material including a first major surface and a
second mMeyOr Sl A§i6 fredRRR Iia&tihbﬁiowaﬁ@hnm&Jimsnrﬁaﬁégcomaﬁgiﬁga the second
maj or surface is attached to the first |ayer of adhesive. -3

protective layer on the antenna.

78.  Aradio frequency identification sticker comprising a radio frequency
identification antenna of claim 71, and further comprising:
a first integrated circuit attached to the antenna; and

a first layer of adhesive attached to the substrate.

79.  The radio frequency identification sticker of claim 78, further comprising a layer
of retroreflective material including a first major surface and a second major surface
opposite the first major surface, wherein the second major surface is attached to the first

layer of adhesive.
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