WO 03/ 032247 PCT/ US02/ 25842 -1 ARTI CLE W TH RETROREFLECTI VE AND RADIO 5
FREQUENCY- RESPONSI VE FEATURES BACKGROUND The present disclosure relates to
articles wawsngot h retroreflective features and radi 0o PCT/US02/25842
frequency-responsi ve features. Mre spegifically, the present disclosure
relates 10 to a security tag, adapted tor use as a w ndow sticker,
incorporating retroreflective features and radi o frequency-responsive
features suitable for use for fraud resistance and information retrieval.
Vehicle |icense plates are one typical article commonly used to identify
vehi cl es and the correspondi ng owners of the vehicles. Vehicle |icense
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directional inmage, such as an EnsureTM i nage avail able on |icense plate
sheeti ng BASKGOGRORENDt a M ni ng and Manuf acturing Conpany of St. Paul
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a need t oigjovitida raddvdli onal security and information currently provided
by either license plates or RFID technol ogy. Further there exists_a need to
provi de addi ti onal HFEF@&WBW Rigat #EOnF f)gﬂ%al aftw&oiﬂ%?lf%m%a 1dgtify exanpl e,
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an appropriate anount of 30 1 hformation and one where 1t 'is difficult to
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PCT/ US02/ 12)r50%£i1n2ce, 6r2cbut§ty)%®g(istration, as well as whether the owner has a current license

plate. License plates typically are formed of a retroreflective sheet and have security
features such as a directional image, such as an Ensure™ image available on license plate
sheeting from Minnesota Mining and Manufacturing Company of St. Paul, Minnesota and

20 sold under the trade designation 3750E. This feature is difficult to counterfeit and
facilitates immediate visual verification of finished license plate authenticity.

Radio frequency identification technology, sometimes referred to as RFID
technology, has a variety of commercial applications, and is typically used for object
identification and tracking from a limited distance. A radio frequency-responsive element

25 can include electronic information identifying the object.

There exists a need to provide additional security and information currently
provided by either license plates or RFID technology. Further there exists a need to
provide additional protection against fraud or counterfeiting. For example, there exists a
need for secure vehicle identification system that conveys an appropriate amount of

30 information and one where it is difficult to use this system with anything but its intended

vehicle.



The present disclosure includes a systemthat provides visual and
electronic information in a readily identifiable system For exanple, the
present dweaBosamme is directed to a conbination tag, suitrablusot/zis4use as a
vehicle identification wi ndow sticker._Jdhe 5 conbination tag includes a
retroreflective article having an optical surface and a radio frequency
responsivsyiéggﬁgi. The radi o frequency-responsi ve el enent includes an
antenna a egrated circuit. The radi o frequency-responsive el enent
has information st QragRséidistlRRSThASdRN syaBARhAd frbB8esrdanl gl diectfab! e an
interrogation systemto obtain information fromthe radio o
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to the inside of a vehicle window |n one exanple, the adhesive is a high
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by tearing,i . t : Vi . . Wi ndow.
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exanples of the tag of Figure 1. Figure 3 shows a plan schematic view of a
radi o frequedteyive disposedionghe gftical surfaee and the radio fiequenay-refporsigeielement. Fi gur e

4 is a blegk diagramof an RFID . inpterrogation systemjnteractin with the
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section side schematic view of another exanple of the tag of igure 1. WO

03/ 032247 TPTISUSFIREB DY tearyg i spmeany Weks tg atewpt Wriempurthsdpeliamitee vi ew of
stiljls anotelow X AIRh&icN stdB& id B8 radio frequency-responsive element can be coordinated

with visual information on the retroreflective article to convey an appropriate amount of

information and for additional security.

BRIEF DESCRIPTION OF THE DRAWINGS

20
Figure 1 shows a block diagram of a combination tag.
Figures 2A and 2B show schematic side views of two examples of the tag
of Figure 1.
Figure 3 shows a plan schematic view of a radio frequency-responsive
25 element used in the tag of Figure 1.
Figure 4 is a block diagram of an RFID interrogation system interacting
with the radio frequency-responsive element of Figure 3.

Figure 5 is a section side schematic view of an example of the tag of Figure

30 Figure 6 is a section side schematic view of another example of the tag of

Figure 1.



of Figure 1. Figure 8 is a plan view of an exanple of the tag of Figure 1.
5 DETAI LED DESCRI PTI ON The conbi nation tag of the present disclosure

i ncor por avesbsm2y a retroreflective article and an el enerCTrisspzassi ve to a
radi o frequency signal to forma securg_vehicle identification system
Figure 1 shows a bl ock diagram of such a conbination tag 10. Tag 10
includes a retroreflectiye article 12, oper.abl oupled to a radip 10
frequency responsi vEEEfeehiSfseqion stieschenatic %‘Fg’eclc,ftsflaém%ﬁhf“i gp eZOﬁH?:Fa@des an
optical syffigee 1.16 where light incident on the optical surface 16 at
various angles, indicated by ray 18, is reflected generally anti-parallel,
i ndi cated by ray 20Figured isaNan viwarad anekemplegif thestag pE Bigutenbt shown) . The
radi o frequency-responsive el enment 14 has information storage and

transm ssion capability and includes an integrated circuit 22, shown in
phantsom BPETAINEDDBSCRIFEOXN!. El enent 14 is adapted to enabl e an
interrogation systemto obtain information fromthe elenent, indicated by

el ect romagneti c wav&he eanbipationfag af dis peesert disclopyreingerpaiafes et dw.  Fi gur es
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f r equencysacespehiile/destiferaEon syséem. Bgurellishowe xbinekekagaire of sudheanpl at ed.

Typi cal radi o frequengcy-responsive el enents do.not work correctly, or
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Several fornmns ~retroreflective articles rely on a netallized surface for
oper at i onl6 whersuight inculsnisort the optctil surffaced G vgriousspgles,iindicabdheray 14, fid

beconme detuned.if pl.aced. directly on. 25 t metal lized retroreflective
orircre. R Endtu e oS PR o, g By SRR SHLRREEORER et ol
112 spaceghoptdvin)f TiRadio fesiuendyt REPIRNIY eleRsdAO P h¥ELinfIrMABON stbde @d @
substrate 115. The optical surface 116 of the article 112 is generally

faci ng i ntransanissigrecapahifiseanddncludesan inivgratedFitgnit 32, shande phantgmegndiane r adi o
frequyency:; S t 115 does
not q?ncl u etglgtﬁ%g'f g}éﬁe&gg%n#j? é[éééon%dfg lreearsﬁggér%}é?gzeﬂogoggg }tgﬁte)r?t% %ﬁﬁ&(?rgﬁgééc ed
apart fr ofroinhthe ateinahd, indéchtadeiyr ddecfoneghetioewavels 26 27 drili2disoussadhis hioad detdil> so
as not to Sli nificantly interfere with the operation of elenent 114. Figure
2B shows Belo ag 210 where the radi o frequency-responsive el enent 214 is

placed directly on ERgrQBW &l 2B/ B Q3eidic 56 VRO 14084 2mplef of the

retroreflective article 12 operably coupled to the radio frequency-responsive element 14.

20 Other examples are contemplated. Typical radio frequency-responsive elements do not
work correctly, or detune, when operated close to metal. Typical radio frequency-
responsive elements become detuned when within about a quarter inch, or 6mm, of metal.
Several forms of retroreflective articles rely on a metallized surface for operation. In such
cases the radio frequency-responsive element will become detuned if placed directly on

25 the metallized retroreflective article. Figure 2A shows a tag 110 with metallized
retroreflective article 112 spaced apart from a radio frequency-responsive element 114 on
a substrate 115. The optical surface 116 of the article 112 is generally facing in the same
direction as an exposed major surface 117 of the radio frequency-responsive element 114.
In the example shown, substrate 115 does not include a metal. Radio frequency-responsive

30 element 114 is spaced apart from the metallized retroreflective article 112 on substrate 115
so as not to significantly interfere with the operation of element 114. Figure 2B shows a

tag 210 where the radio frequency-responsive element 214 is placed directly on the optical



surface 216 of a non-netallized retroreflective article 212, w thout the
need for a separate substrate. Radi o frequency-responsive el enent 214

i ncl udes w0 oemgmsed naj or surface 217 generally facing i RCThSIE2I®2
direction as the optical surface 216. The tags 110, 210 can also further

i ncl ude an adhesi ve (not shown) applied to the optical surfaces 116, 216, 5

respectively, o the exposed major. surfac 11¢, 217, r ectively, and
thus - app! Fitice 316 phEnomimera B e ey SiC P B2 duhan{the pre BB R Seaabiie 2o The
tags 110, sblfate aRadi fre§@hcl T&Fon v dbbentaf14tiAQuIR ek BoselRagHjét surface 217
frequency-responsi ve el ements can be either active or passive. An active
tag i ncor penestllydaging sidie sima direasioarag phesenticalesurface Bl tad ha tagstltl@r310 dant o t he
tag 10 co UGt i Thi s .ener S rats act.ivwe rad
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det ect ed Be ipjics sergice0f agshiclgoyiaday, orthelike satheiags 1 Kh 819 can betiepdoBr t he
battery | jmitsof (e veligfful life of the tag. In addition, the battery adds
to the size and cost of the tag. A 15 passive el enent derives the energy
needed to power theRediefeqtedcyampohgve elesrenngan bagitharadiive érrpasgienayn fi el d,
and uses that ener to transmt response codes by nodul atinpg the
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range is nore |limted. BeCause passive elenents are preferred for many
appl i cat i omate andhransemitistrehgrresfonsehagril sevga s tagions|whebeth @ntenopgdtimgdadio t hi s
cl ass of glenent. .Those skilled in the art, however, wll recogni.ze that
Lhese tviolTEEY BFIdF B ed U5 b vy o s BESARPPRYE It Bl Pe used
in the exaii@bat @éatdiiasoediISGIASH It reh%ivelyanbrtiliflet Tho tBe Battety Rafitke radi o
frequency-responsi ve el enent 14 icalkﬁﬁincludes two conponents: an

. typ )
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t he pri | [ ' f i LY L.rcuitry to
per hanent Tisiyf Spiep} 18 lc8 the pBlay RBdcd b poReh HERRnRAh FRH e MlEofibE) (O,
i nt er pr et radivdfr@apeneseld andanesthaesmergyad tfananit késpongetcedesdgambdul atey war e,
respond to requesés for information by the interrogator, and assist the

n b ,
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provi de for updating the information storedin its nenory (read/wite) as
opposed t eleingnts aregadierngd féremanyf apphedtions, theiten{aimted obihk yjscussinewillattee d

clrogits sutabl oL use bl ol LRAMENRY oh SRS, Yan LG TRaL fl ! ude
these two types of elements share many features and that both can be used in the examples
of this disclosure.
As shown in Figure 3, a passive radio frequency-responsive element 14

typically includes two components: an integrated circuit 22 and an antenna 24. The

25 integrated circuit provides the primary identification function. It includes software and
circuitry to permanently store the tag identification and other desirable information,
interpret and process commands received from the interrogation hardware, respond to
requests for information by the interrogator, and assist the hardware in resolving conflicts
resulting from multiple tags responding to interrogation simultaneously. Optionally, the

30 integrated circuit may provide for updating the information stored in its memory

(read/write) as opposed to just reading the information out (read only). Integrated circuits

suitable for use in radio frequency-responsive elements include those available from Texas



WO 03/ 032247 PCT/ US02/ 25842 -5 Instrunents (in their TIRIS |ine of
products), Philips (in their Mfare and Hitag |ine of products),

Mot or ol a/Wwodaloae24and Si ngl e Chip Systens, anong ot hers. OreTdxsazpise2i s a
tag from Texas Instrunments sold under_4he trade designation #Rl -101-110A.
The antenna geonetry and pr operti es depend on the desired oper ating 5
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nunber of turn t.he na cail . For both.anten good

el ectri caPo%e&ﬁ@%@fQ}Pf‘?‘?p? g(fﬁ?Ylg%lthefWOE%ﬁtp?eraﬁ?f&?s%gﬂ%ﬁﬁas copper or
al um num m&brﬁﬁcmﬂe abhinrhif lbe GRUAEHEA k@ the, systBl iH W Hich 1'@596@?&&5@1 al s
such as E)drma | oy, are al so acceptable. It is also inportant that the

i nput i nplidhneseof taghepersting b the high MR jo flfzaangdhen impertrah ekaresterisie iant enna
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ﬁlg‘l)ﬁ p
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designs, particularly tags SI gned to operate at ver requenci es,
such as 2ar4Bni@hizg induttamieragd ¢lepmonberof fsnnao thB(antegqmcmhoFor‘blom aepaai tor i s
sel %t ed tsil%est Qca)l(t)d el‘é‘QSE‘al%‘E’)HEJc%gitty % requlredn y%tlc% y, CmPak sug) as co\f)per or

aluminum would be used, but other conductors, including magnetic metals such as

permalloy, are also acceptable. It is also important that the input impedance of the

selected IC chip match the impedance of the antenna for maximum energy transfer.

A capacitor 30 is often included to increase the performance of the marker.
25 The capacitor 30, when present, tunes the operating frequency of the tag to a particular

value. This is desirable for obtaining maximum operating range and insuring compliance

with regulatory requirements. The capacitor may either be a discrete component, or

integrated into the antenna as described below. In some tag designs, particularly tags

designed to operate at very high frequencies, such as 2.45 GHz, a tuning capacitor is not

30 required. The capacitor is selected so that, when coupled to the inductance provided by

the antenna, the resonant frequency of the composite structure, given by:



the antenna, the resonant frequency of the conposite structure, given by:
WO 03/ 032247 PCT/ US02/ 25842 -6- _ 11~ 1 f~ 2z LC where C = capacitance
(i n Farad®P 03k3247 nduct ance (in Henries) 5 closely matchesTiuse2/ekss: r ed
operating frequency of the RFID systemgThe capacitor may also be a
distributed capacitor as described in U S. Patent Nos. 4,598,276 (Tait et
al.) and 4,578,654 (Tait et al.), which are igned to 3M Distributed
capacitance is desirable to reduce tag [ilzg, barticularly thickness, and
to mininmze manual assenbly. 10 In operatppnyras shown in Figure 4, the
radi o frequency-responsive tag 10 is in erl’ogat ed by an electronic article
security shesieem 300, which is typically | ocated near the point at which
the tags are tg be nonitore aI'S-ignd hel d detection devices may be used. An
interrogation go’u‘FacPé‘:‘%?e (‘f’%ﬁ{ ly including a drive oscillator and an

anplifier) is pcopph&thdeQinddedtbenna 304 (sometimes described as a field
coil) for transmtting an 15 alternating radio frequency field, or

intebrogation signal, in the interrogation zone. The system 300 also

i ncl udes agn antenna f.or, r.ecei vin si gnal .(.s as. ant.enna 304, and
sonet i rresgla %eg% P}ag‘:@as &? dSSIFeélcoé?efﬂuﬂ_é ?rc?g}l%cygﬁ _ghegig]\fb@)c?y&}ené 0@_"? PP E¥si ng
signal s pﬁl@@‘ﬂ@Qdis_n%ﬁtécp&@aéifbrfamesbﬂb&r magst PétBntZI‘%k%,.S%,Q% (T 81 tQQRAON
source 302 transnmts an interrogation signal 210, which 20 may be sel ected

wi t hi n cef8a8.A54 aiketfal- b aihaeteare Bestgned o M. istripupsdeapeitapeccis desrabledy do
not inter i 0 i I.ONS, . t nply with

appl i cabl Le%ggeveg?%%ghéapgérué%ﬁ{)%h%gﬁssi ﬂaﬁg%ﬂﬁhné%gglg;ﬁgﬂfa?%éﬁ icy-responsi ve
el emdnt recei ves anln épegdtiongat shownsh Fipare 4,ithe tadboBequeacy-teSpemivertas poizse
code signal 302 that is received by the antenna 304 and. transmtted to

det ect or BEBTOStIFE byenedtcTPNiE e rHY PESPLYe Whidhdntyriady leqatedinggr 25
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15 alternating radio frequency field, or interrogation signal, in the interrogation zone. The
system 300 also includes an antenna for receiving a signal (shown as antenna 304, and
sometimes described as a receiving coil) and detector 306 for processing signals produced
by tags in the interrogation zone.

The interrogation source 302 transmits an interrogation signal 210, which

20 may be selected within certain known frequency bands that are preferred because they do
not interfere with other applications, and because they comply with applicable government
regulations. When the radio frequency-responsive element receives an interrogation signal
it transmits its own response code signal 302 that is received by the antenna 304 and
transmitted to detector 306. The detector decodes the response, identifies the tag

25 (typically based on information stored in a computer or other memory device 308), and
takes action based on the code signal detected. Various modifications of the illustrated
system are known to those of skill in the art including, for example, using separate
antennas for the interrogation source 302 and the detector 306 in place of the single
antenna 304 that is illustrated.

30 Figure 5 shows a section schematic side view of an example of a tag 38

with a metallized retroreflective article 40 and a radio frequency-responsive element 42



antenna 304 that is illustrated. 30 Figure 5 shows a section schematic side
view of an exanple of a tag 38 wth a netallized retroreflective article
40 and a wedBwo3f2zaequency-responsi ve el enent 42 WO 03/ 03222CTRGMZ/23802/ 25842
-7 spaced apart from each other on a supstrate 44. The radio
frequency-responsive article can be that described above wth respect to

Figure 3. The substrate 44 is a durabhl enent . suited for long.life in

its int _enﬂ?é‘ﬂeda?%ﬁi %%(Pieﬁﬂ‘ Ahef gnd %\’ﬁétﬁ%%‘ég‘t'ﬁble rflalo(f&qﬂ?fg:yfrﬁ%por“é’ai: _ﬁgmber‘é?&uency
r esponsi Ve @lhedBBlibéiabol® whithGe SIATH Feusd 9\ The subgir3a105 1 AdiRatté clefnedt POl ymeEr
5 paper, such as a pol ypropyl ene paper available from R trama. An adhesive

41, such sumteddfor lang lifesindtspniendadrappbeationtang és addpied inoeto detingshairadi att ach t he

fl ' icl i o.f - iye. el
he subst FeietulohorSiufhdandl hthe Gt EHRREY i IBARN MBIl U’ ana

exposed spipefGacifids @ﬁolfxisu@pylehé gzlpéf hetlabldroi Ritednga. 4 @Mdsivéuli,Quch as an
frequency-responsi ve elenent 42. In the exanple shown, adhesive 43 is
t r anspar e#ryla® pessureentifesadhesive 1s used tpatjach; the retqeeflegiiveotiticls d0pBst r at e

bet ween t%ﬁicﬁjﬁ&{u@ﬁ -l'egé#ris}/\% Rirhdrt 4 .tcgﬁ.g%ggsua'ieaﬂi.%f a[d%géiﬁé‘&% %s%?éﬂ@d‘t%i ve

el enent 4 e‘retror ective arti I's one exanple veral forns
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exanple, the retroreflective arinhéflze 40 i ncl ude cl osed nonol ayer of

an e
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pol yester. A specul ar reflector layer 50 underlies the spacing resin 48.

The ref | ecidor fréqugeey-B8pomivecdement 4. opaque materials such as silver,

alum num chromu ni ckel, or nesi.um or a transparent hi gh-i ndex
reflector |ayer suc h%ge%"bﬁf?ﬁ%‘f%?%?‘??@)&? e exff”r?ie (?L]ﬁe?r orps ?gni um di oxi de
or zi rCOﬂhﬁU?bQihbfé& p@fetrﬁkﬂffebﬂo@s\/&ﬁt’ita@@ féﬁfsh%_ﬁ@&@g 3&!Iﬁlh{e e&ﬁﬁm@[q?tliehe
retroreflective article 40 through the spacing resin 48 and is focused by

t he ni cr omspmeaflestiveearticleghtingludastig gnelesademenaaysy of erficabsnheres 46, Whigkin 50 back
thrqgygh the e%@h@%&’é‘%&%éd ﬁr%maglgsssiﬁ%ért@ Yodib | Ap%&@‘i‘@s"ﬁ# Q&n#ﬂiﬁﬁ‘é, f3PUr C€-
Variations on € mcrosphere®type retrore ec%lve arf|c e are

cont enpl a¢xehple,potyvingdinmi@l ot fedyes il A apecapin e¢flestor dayeb80 paderlial thy spacingdded
within a spacij ng resjin and 25 coated with a bead,alfond Iag/ig\f Sﬁch,that t he
spaci ng r Esinft8 The Eflreion layae 0 ean coginsise PR3 materialy fich B AV oYM er . The

bead bondcﬂr@%ﬂm,%&e@,cﬁ?txﬁégﬂefmﬁ% Qs A R ih & reBEMESIay&tuch as
retroreflective article acol ored appearance in anbient |ight and a
di f f er ent biappdrtranagds, zinc sulfide, titanium dioxide or zirconium oxide, or multilayer
20 reflectors. Light enters the retroreflective article 40 through the spacing resin 48 and is
focused by the microspheres 46. Light is then reflected by the reflector layer 50 back
through the microspheres 46 and spacing resin 48 toward the light source.
Variations on the microsphere type retroreflective article are contemplated.
For example, the optical spheres can be partially embedded within a spacing resin and
25 coated with a bead bond layer such that the spacing resin is between the reflector layer and
the bead bond layer. The bead bond layer can contain a colored pigment that gives the
retroreflective article a colored appearance in ambient light and a different appearance,
such as silver, in retroreflected light. Another variation of the retroreflective article
includes an exposed monolayer of microspheres.
30 Figure 6 shows another section schematic side view of an example of a tag

52 with a metallized retroreflective article 54 including a cube corner retroreflector 55

having a multiplicity of cube comer retroreflective element 56 instead of microspheres.



such as silver, in retroreflected |ight. Another variation of the
retroreflective article includes an exposed nonol ayer of m crospheres. 30
Fi gure 6 wbaams3samwnt her section schenmatic side view of an exargshs238#2 a t ag
52 with a netallized retroreflective argicle 54 including a cube corner
retroreflector 55 having a multiplicity of cube corner retroreflective

el emrent 56 inste of m.crasphere WO 03/032247 PCT/ US02/ 25842 -8 The
retrorefl 'EE‘? {e\grgr%%ﬁ%q ytielg 5&@8&%@? BeAyeaGUETRIT WsOmERt 8 5% SHIEFH 2088 ar e
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substrate with an adhesive 62. The optical surface 64 of
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mat esi al such as vi mhlécuﬂé%ﬁﬁafémﬂéﬂ&tor@ﬁrcﬂhBéﬁ)rﬁfed%o‘ﬁ%smibﬁzri al, or can
be formed by curing a material such as urethane, epoxy, polyester, and
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t hree nut p; t 0 t i ght
e T e St g ot
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t he cube corner elenents can _be attached to a backing to formthe

r et r or ef | Bt epoperafe toppteorefiet lightigwarsdbe lightsoprce I@rfB‘hF’SaHH%?/ showny, fiened of a
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retroreflector 55 can 1 ncl ud(e an overl attached to the
optical sAtttmeevedy,. thd hd)e(merelra}pnmats claebtatturmddwaharckmgtylfametmr 15 a

pol yet hyl enet e/co eth | enet er ephal | ai pat e. e adheS|ve
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retroref | ggheamacihlGls&d Mohﬁ%etmﬁﬁm% PREfHoRTIeYor 58 EAFREIME ah BV&Tay 7O
attached to the cube corner elenments 56. The reflective |layer 70 can be

formed fr@et sheavn atieched tehiegptical sedaced4 dherpvartaycen bedarmed ohge pcrylatg or
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optical ecu t'he ree mnut ua
per pendi ca;ipalredicame&vafla}the cube corner elenment 55 and returned toward the
i ght source. In the exarrple shown, the specularly reflective layer 70 is

formed of a materi Hthe BSaMRiE Phomﬁ%@trpw@e?ta‘t%ml?éama@sﬁégfw bve
el ement 58 EuJethJrfgg aﬁaél{e@%ﬁﬁ%b? €omb LS PABRS ¥6 ﬁleer Qkivk %XQ}?&E& BP0

close to the retror l'ective article 54, 1.e., the cube cor
formed from the same materials used to form the reflector layer 50 in Figure 5. Light

20 entering the cube corner retroreflector 55 from the optical surface 64 is specularly
reflected off of the three mutually perpendicular faces of the cube corner element 55 and
returned toward the light source.

In the example shown, the specularly reflective layer 70 is formed of a
material that will detune the radio frequency-responsive element 58 if the radio frequency-

25 responsive element is placed too close to the retroreflective article 54, i.e., the cube corner
elements 56 are metallized. Accordingly, the radio frequency-responsive element 58 is
spaced apart from the retroreflective article 54 a sufficient distance so as not to
substantially effect the performance of the radio frequency-responsive element 58.

Figure 7 is another section schematic side view of a tag 72 with non-

30 metallized retroreflective article 74 so that the radio frequency-responsive element 76 is

attached directly to the retroreflective article 74. An adhesive 78 is used to attach the radio

frequency-responsive article to the optical surface 80. In the example, the exposed surface



el ements 56 are netallized. Accordingly, the radio frequency-responsive
el enment 58 is spaced apart fromthe retroreflective article 54 a

suf fici enwodBsszamce so as not to substantially effect thecparshozisence of
the radi o frequency-responsive elenment_$8. Figure 7 is another section
schematic side viewof a tag 72 with non 30 netallized retroreflective
article 74 so that the radio frequency-respaonsive elenent. 76 is  attached
directly $5otHhers R ORI B YRS o TPEFE 70 PSS T Beschen A58 ¢ o

at tach th@%{)@%ﬂélﬂfacé 86 IHREHoleASRRRSHGe M trickldes b CubdCoritrbEaknsusd gce 80.
In the exanple, the exposed surface WO 03/032247 PCT/ US02/ 25842 -9 82 of
t he radi owithegqudtipcityefpobs careersdlements 84.a hesubaicomer tietotellectendrbant] cubet i on
as the optical surtfgge 86) The, retroreflective art.'hc eqﬂm }'?‘pcltglde a cube
corner r etPBYSHTRAHFO gap b foppedindhie 34t ANy a5 fleseriBed thavfier 581 RREHRS s6.
The sube gqhaaensRilE@bEEd ftiREludlarrovtriaybsot sEOWRENhaE aamRive 78Gs agmdsiied
formed in the same manner as descri bed above. Also, the cube 5 corner
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i ncl udes a backing e cube corner elenents at various

| ocat i onsel8ents 86T tHenibealt ehVifontndne ambiogéveneineisaurt sr 8it, bf hlikee anbi ent
environnment and to prevent noisture or dirt, or the like, fraomcollecting
on the cubemcstpdingandhepebs emer vlementds Ahe becking §f Mpintainmansdiy intgifase f ace

10 380 wi §fy Mlﬁ tﬁ%l%gﬁ QQ&QP%IeI?hﬁg%@,t Whith gﬁr?ggsgrgt{@gﬂgéggﬁt 'Eﬁé feWoFJﬂe@ ivd on. The

retroreflective ndi ces o e alr 1 nt e materials to form
t he cube wmdiceeof the airemtesfa&Ol Mrand thambtetihlatto fFarghthe entteerarmay eldmgentedd aet or 84

t hrough the optical surface 80 at rtain angl.es wi.ll _ not pass throygh the
tr anspar M UERtrinenG AR Cr 86 DrRRtHF DL SR SO PeriRangIey PHbt o
of f each gft ﬁaE@thFngﬁQhéW&ddﬁérlaﬁ(t B BEMEE Qbthahts B8 TesihaH EhB!li'ghI Wa1sdbe corner
15 el enents 86 and returned toward the source. The backing 88 can be nade

from a varefleetpd off caglmokthe three mytmaHy @erpgndicular faces within the cube corner

I hyl hal [ co-nol hyl I | am . hesi
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and exposgdtesidlsf aRBSs aipdlyathylepbtefdphalagidd-ilyeby vt tadshabitd Retiegle dhiect |y to
the antenna of the radio fre%ency 20 responsive elenent. The antenna w ||
becone t oftheging 1Phervegede fag/&d i f soneone were to try to renpve the

antenna from the | el Qebampkeiheluhadies bR i AHRET KRRl sudpeck ! case

agent can be placed on various 1ocations o e antenna or

strengt h isadtighs stremgenadihaseclanduteohdi distctlpro thetahtehheofihgadit freqgnhy-adhesi ve.

V\he%r em}/egll)onlsisve element. The antenna will become torn and thus destroyed if someone were to
try to remove the antenna from the inside of a vehicle window. In another example, a
release agent can be placed on various locations of the antenna or the high strength
adhesive and used in combination with the high strength adhesive. When removal is
attempted, differential release caused by including the release agent will cause the

25 adhesive to be in release causing more tearing of the antenna. One variation of this
example is to use two or more adhesives on the radio frequency-responsive element,
where each adhesive has a different strength or adhesion value. Destruction of the antenna
provides for increased security. (If this additional security is not required, the radio
frequency-responsive element including the exposed surface can be encased in a

30 polymeric material and attached to the tag such that the adhesive does not directly contact

the radio frequency-responsive element.)



attenpted, differential release caused by including the rel ease agent wl|l
cause the 25 adhesive to be in release causing nore tearing of the antenna.
One vari awpDan/osf241his exanple is to use two or nore adheecrasopessthe radi o
frequency-responsive el enment, where eggh adhesive has a different strength
or adhesi on val ue. Destructlon of the antenna provides for increased
security. (If this additional security is not required, the radio

frequency- r esponsi vEOTédditiongl ﬁeﬁ‘éq‘téicﬁhﬁ & Heeag ingludrpotherdoated of yaceptedencased
ina 30 pﬁgﬂmﬁfoﬁnﬂﬁ;neﬁbxaéxaﬁﬁﬂ: ﬁ{et @ﬁ@x%ﬂeétﬁlctapt‘?clé 28 catnBrulid %tho%?a[pﬂ%q esive

does not directly contact e radio frequency-responsive ele
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exanpl e of the tag H@gurelsi®waxgipl eewsof ohaseanpa of the teg ddriThes ofandplgisr e 5

above. cludes retroreflecti rtl le 40 and radio

fr equenc?garsé‘g Bﬁﬂlﬁ lee‘?fé:rﬁ%“fﬂé a§E’Y“a F}ég %ff?ﬁﬁtfoé? echiye affﬁée 40 and
retroreflggfy f%&u@ﬁé}l Fe'sﬁonsﬂ@ e!e‘inéH{ ab halingd {6 QMM a8 SPielYbrine& @Nficle

Manuf act uri ng ) 15 M nnesota under the designation 3750.

The retr M@ﬂlw@ﬂahl@framanesmlimg@d@quufaQtuemg Gompaoy @f 50Panky t he form of

t he raph s of a en te., T .adi 0. freguency- responsive
el erlrg ’g}eg?)taluﬁgety}h% esﬂﬁnia g??ooéﬁgir%{mf%ge lﬁ%fu%ici? lﬁ%&?‘f@%‘q’rpr{ng dgr ovi di ng
visual i ﬁnﬁizﬁanﬁn @Mhe fRM\UTshd GraplicCol £MeRicplitenksd plafedThe radio frequency-
frequency-responsive el ement 42. Printed indicia 103 should not include a

net al | i ze@spamiverglamei #7 alge inghedes peinted dpgicip 193 thaninaddition te ppeyidiagyisupl e
adhesi ve f rfrﬁa\ﬁ% SselVag 1d &%@% lﬁ‘pﬁafﬂ%% HiQGHe anc? e§Pon&ve el%ﬁx%pE 42’%’8 t ed 0”

pOI’tI ons O € antenna on requ ncy-responsi ve el enent
t hi s exanjpldija IO%hothnwumiddemtmmelhaed ink|tkat 4011 @lathne dab edement 42. A pressure
fr eggencyse%g%l e a ﬁe‘éﬁe%'ﬁg%?rg the tag gg' arli)c‘ia mli; ?Igcll}d% avr%{easey agent deposited on
portions of the antenna on the radio frequency-responsive element 42. In this example, the
retroreflective article 40 and radio frequency-responsive element 42 can be used to verify
vehicle registration. The radio frequency-responsive element 42 can be electronically read
and the information compared to the license plate and vehicle identification number to
25 assure that it is legitimate. In the example shown, the radio frequency-responsive element
42 can be updated when registration taxes or insurance payments are made providing an
immediate method of verification for law enforcement officials.
Various modifications and combinations of the embodiments disclosed will

be apparent to those skilled in the art, and those modifications are intended to be within

30 the scope of the invention as defined in the appended claims.



vehicle registration. The radi o frequency-responsive el enment 42 can be
electronically read and the information conpared to the |license plate and
vehi cl e iwenBi$i2enti on nunber to 25 assure that it is | egiPCirn®soB2584n t he
exanpl e shown, the radio frequency-respgnsive element 42 can be updated
when registration taxes or insurance paynents are made providing an

i medi ate d of verification for |aw enforcenment officials. Various
modi fi cat nd conbi nations of the enbodi ments disclosed will be
apparent to those skilled in the art, and those nodifications are intended
to be within 30 the scope of the invention as defined in the appended
clai ns. WO 03/ 032247 PCHmisoRiopsgucomprising: CLAI MS: 1. A conbi nation tag

conprising: a retroreflective artjcle. havin n tical surface; and 5 a
radio_frequency-resB8%%?9%”&V%W@ﬁ#ﬁwﬁg$dﬁfW§c%ﬁugﬁ‘éﬁ% “and an integrated
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and transm ssion capabilities adapted to enable an interrogation systemto
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radi o fr effumnby radés froqenvgresposiveidlenént) udes an exposed surface facing in
the sane direction as the optjcal surface and an adhesive di sposed on the
optical surface and"8%sHsba radip fraguencygesponsitieelemeaniihaparahly cagpled tochgi m 2
whengi n t Qe o056, guf ace has disposed thereon a first pressure
sensitive ag esive having a first adhesion value and a second pressure
sensitive adhesive having a second adhesion value greater than the first

dhesi |l ue. 20 4...Th nbi. nat i { f cl.aim 3. in the first d
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5. The copemBaliheldésP Xposdddufface AGNE MYtHR shRk AREQIGHARMhe SRIAPIUrMABE Ynd 25
di sposed on at |east one of the adhesive and the antenna.
an adhesive disposed on the optical surface and exposed surface.
15
3. The combination tag of claim 2 wherein the exposed surface has
disposed thereon a first pressure sensitive adhesive having a first adhesion value and a
second pressure sensitive adhesive having a second adhesion value greater than the first
adhesion value.
20

4. The combination tag of claim 3 wherein the first and second pressure

sensitive adhesives are disposed directly on the antenna.

5. The combination tag of claim 2 having a release agent selectively

25 disposed on at least one of the adhesive and the antenna.

6. The combination tag of claim 1 wherein the retroreflective article is a
non-metallized cube corner article and the radio frequency-responsive element is disposed

on the optical surface.

30



6. The conbination tag of claim1 wherein the retroreflective article is a
non-netal |l i zed cube corner article and the radi o frequency-responsive

el enent iwodBspnsed on the optical surface. 30 WO 03/ 03224T/URQY2388D2/ 25842
-12 7. The conbination tag of claim1l_ yherein the retroreflective article
includes a netallized portion and wherein the radi o frequency-responsive

el ement is dispose eside the netallize ortign. 5 8  The conbination
tag of claim7 Mergiﬂh?%neq‘Ethoélrt%%P ?:IPW_ “ﬁ’f’{ﬁ%ﬁ’g r?tﬁ?rfﬂ%ﬁl_weiaﬁ’é: QUdes a
subst r at en¥iaEL Metall el bAdh I Setel® tiRIThi6 iR qaeEytrBsHonsité Blement is
frequency-responsive elenment are coupled to the Ssubstrate such that the

r et r or ef | dispase@beside the mefallizedgwetbrapart fromthe radio
frequency-responsive elenment. 10 9. The conbination tag of claim7 wherein
the retroreflective article includes one of a netallized cube corner

artigle or a m crosphEhecdmtigativhtthg bfclaihl7 whsgil highethareilentive adictd fugthai m 1
wherein the retroreflective article_ includes printed indicia on the top

surface. ipsludes a spstrate Miberean theretrergllentive peichs an thpeadie HequeacprasRemsive ndi ci a
i ncludes g0 dehupldg! 16 Atk duBiratd Such A (HORRORALOI dritdle & %’c“.&‘f\d | Btk wher ein

o At
the radi o frequency- % responsive elenment 1nc uges printe Cla
t her eon. from the radio frequency-responsive element.

10 9. The combination tag of claim 7 wherein the retroreflective article

includes one of a metallized cube corner article or a microsphere type article.

10. The combination tag of claim 1 wherein the retroreflective article
includes printed indicia on the top surface.
15
11. The combination tag of claim 10 wherein the printed indicia includes a

non-metallized ink.

12. The combination tag of claim 1 wherein the radio frequency-

20 responsive element includes printed indicia thereon.



