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incorporating retroreflective features and radi o frequency-responsive
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plate. License plates typlcally are formed of a retroreflective sheet and have security

features. Radio frequency identification technology, sometimes referred to as RFID
technology, has a variety of commercial applications, and is typically used for object

20 identification and tracking from a limited distance. A radio frequency-responsive element
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. A tag incorporating both
retroreflective features and RFID technology is described in United States Patent

25 Application Serial No. 09/974,385, which is here incorporated by reference. The
retroreflective features convey visual information and the RFID technology conveys
electronic information. Difficulties exist when coupling a metallized retroreflective article
with a radio frequency-responsive element. Many conventional retroreflective articles,
such as license plate sheeting, have a tendency to detune, or adversely affect the

30 performance of, a radio frequency-responsive element when placed within about a quarter

inch, or 6mm, of a metallized retroreflective article.
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The system has several advantages. Among these advantages, the entire
20 face of the combination tag can be retroreflective and the tag is still thin. Thus, the visual
information is easily identifiable. The visual information and electronic information can be
used together to verify vehicle registration. Visual information can be compared with the
electronic information to confirm that the tag is legitimate. Further, the electronic
information can be updated when registration, taxes or insurance payments are made

25 providing an immediate method of verification. Other advantages are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a block diagram of a combination tag.
Figure 2 shows a plan view of the tag of Figure 1.
30 Figure 3 shows a plan schematic view of a radio frequency-responsive

element used in the tag of Figure 1.
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15. Optical article 13 includes optical surface 16 and an opposite rear surface 17. One of
the optical surface 16 or the rear surface 17 is a structured surface. The reflective layer 15
1s deposited on at least a portion of the structured surface, in the example the rear surface.

20 The radio frequency-responsive element 14 has information storage and transmission
capability and includes an integrated circuit 22, shown in phantom, and an antenna 24.
Element 14 is adapted to enable an interrogation system to obtain information from the
element, indicated by electromagnetic waves 26, 27 and discussed in more detail below.
The radio frequency-responsive element 14 is coupled, i.e., attached either directly or

25 indirectly, to the rear surface 17 of the optical article.

Figure 2 shows a plan view of one example of the tag 10. Tag 10 includes a

retroreflective article 12, and a radio frequency-responsive article 14, shown in phantom
as attached to the rear of the retroreflective article 12. The retroreflective article 12
includes printed indicia 32 such as common background indicia 34 and tag-specific indicia

30 36 in the form of a Mexican license plate in the illustrated example. A pressure sensitive
adhesive 38 covers the tag 10. In this example, the retroreflective article 12 and radio

frequency-responsive element 14 can be used to verify vehicle registration. The radio
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20 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

integrated circuit provides the primary identification function. It includes firmware and

circuitry to permanently store the tag identification and other desirable information,

25 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
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

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

Instruments (in their TIRIS line of products), Philips (in their Mifare and Hitag line of
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20 metals such as copper 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:
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An interrogation source 302 (typically including a drive oscillator and an amplifier) is
coupled to an antenna 304 (sometimes described as a field coil) for transmitting an

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 310, 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 312 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 tag 40 with

a retroreflective article 42 and a radio frequency-responsive element 44 coupled to the rear
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or pol yesd8ire ehttlodedrvaikiiy 1het1’eans@inexzmplé,8f st anestidle £demoreflsetystsherdti al |y 10
transpare t tlcal urfac

s forned to b ner smoot.h an
structur nesolf Variae 2 W“E{WW&‘P&@@WBY Qgﬁg s’he%‘??f’@rdﬁ?‘%at? &
sphegges 4@750%% WohbMAWOrdfRcGNElaft - The opti cal surface 46 and rear
surface 47 are forned on the spacing resin 49 such that spheres 48 are

encl osed withi n t heVaaions oMthearmngsbhered typa eetrarpflentive eftesld @er etroreflective
SRR i N A e R T
spacing resin and 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
20 pigment that gives the retroreflective article a colored appearance in ambient light and a
different appearance, such as silver, in a retroreflected light. Another variation of the
retroreflective article includes an exposed monolayer of microspheres.
Variations on the optical article 43 are also contemplated. Figure 6 shows
an example of a tag 50 having a construction similar to that of Figure 5, but with cube
25 corner retroreflectors 52 including cube corner-optical article 53 and reflective layer 45.
Cube corner-optical article includes optical elements 54 in the form of cube corner
elements. The cube corner retroreflector 52 can be formed from a suitable thermal plastic
material such as vinyl, polycarbonate, arcylate or other material, or can be formed by
curing a material such as urethane, epoxy, polyester, and acrylate oligomers or monomers.
30 Cube comer elements 54 typically have three mutually perpendicular faces that cooperate
to retroreflect light toward the light source. In the example shown, optical article 52 is a

monolithic member including the cube corner elements 54. Alternatively, the cube corner



Variations on the mcrosphered type retroreflective article are

contenpl ated. For exanple, the optical spheres can be partially enbedded
Wi thin a wepaos4tgl resin and coated with a bead bond | ayer pematsor/bazt4 t he
spacing resin is between the reflector |ayer and the bead bond | ayer. The
bead bond | ayer can contain a colored 20 pignment that gives the
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that of Figuie apicldss alth il Siructite MR ShrfAcgls70r ef | ectors 52 i ncl udi ng
cube corner-optical article 53 and reflective layer 45. Cube corner-optical

arti 8l e includes opVadalonelboenentubesdrnenrdtivecfieotomtyfe aptibal arirla 62 areel enment s.
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and acryl ate oligoners or nononers. 30 Cube corner elenents 54 typically

have t hr edsarbe asheeyofarbp endier cdvatiesftha as thehaverso obeubatcemet prismes, aorsef | ect
light toward t.he, |i ource. l.n the ex | e shown,. optical article 52 is
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a backing to formthe retroreflector. In this case, the cube corner

el enent s hagubrecarpersmoslenenta vaichds thenieppositedhe reresurceri al used to form

the backing. The aglicl. . i tached to
the opti cal surfacéﬁggghﬁ%%éﬁ%??Féﬁggggﬁgﬁgg&%ﬁa%ﬁ%géﬁg%?Egﬁﬁgéﬁﬁ%ear
surface SsameieMacricanuobsr, aBpiédutariyubfective hgfer 48 iy dupefitedainahe §tipeureptdacal
article 52 are ntepgpl ated. For exanpl.e, Figure 6 shows optical elenents
2s cube CBFHES 4priSrFElCcR iwer f*ﬁlst%eoa et Lovare! gt ERIde s t he
Strygt ur egheyr £race 43ThG: &Q&?&%n@ﬁ&rh&h 6f %%Ptiéal SRidRech ifNI8aL o Qeufifipe cor ner
cavities that 1s, the inverse of cube corner prisns, as 1s known’in the

art. |f cobik Bodiseussed below, dapesitesiatirectihen ot stvaturglsvirace Ih&gunes, light
ace.and t.he reflective |a

Gopost t od B e elpeT B S 12 Bp o HE SRl Wb s SrSinnsFe HBITE wni on
i's then ogaasfdcsdd 8y the MicoupHerss@8. Light is then reflected by the reflective layer 45
back through the microspheres 48 and spacing resin 49 toward the light source. In Figure
20 6, light entering the cube corner optical article 52 through the optical surface 56 is
specularly reflected off of the three mutually perpendicular faces of the cube corner
elements 54 and returned toward the light source.
Reflective layer 45 can be simply a diffusely reflecting pigment such as a
white ink or coating for applications where only a little retroreflection is desired. With
25 simply a diffusely reflecting reflective layer, relatively small amounts of incident light will
be directed back toward the light source. The diffusely reflecting reflective layer need not
include metal.
The reflective layer 45 can contain a metallized ink to increase
retroreflectivity of the article. The metallized inks include non-contiguous metal particles
30 deposited on the structured surface so as not to form a continuous metal layer over a
substantial portion of the structured surface. One example of a non-contiguous metal layer

are randomly scattered metal particles that are not all electrically connected together. A



Returning to Figure 5, where like elenents with Figure 6 are given the

sane reference nunber, a specularly reflective |layer 45 is deposited on the
struct ur eworeas479sur f ace 47. The reflective |ayer 45 is degedisozss7di rect!ly
over at |least a portion of the 15 optical article 43. For exanple, one
portion of the optical article can include a security mar k 58, discussed
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Minnesota). These inks are sold under the trade designations MUFP0877 Metalglow 877
Silver UV flexo ink, MGUPO0877 Metallure 877 silver UV flexo ink, or WMJ02003

20 Metalglow 877 Silver water based flexo ink. The metals in these inks are silver,
aluminum or other metals, and provide a specularly reflective surface in a non-contiguous
metal layer. The inks can be mixed with other inks, such as an opaque white ink, to form
diffuse colors with a desired appearance or "diffuse look"” when viewed from the optical
surface 46. The ink sold under the trade designation MGUPO0877, described above, has

25 approximately 12% silver by volume but produces a retroreflective value visually
approximate that of vapor-coated retroreflective sheeting.

The inks can be applied in a variety of methods, such as the commonly
available flexographic process where a plate with an image is pressed onto the optical
article 43. The inks are either air dried or dried via ultraviolet curing, as is known in the

30 art. These processes are not harsh and can be used to metalize cube corner articles as well

as beaded retroreflectors.



exanple, a 10% concentration of netal in the ink indicates approximtely a
10% loss in read distance conpared to an ink wi thout netal. But the

per cent agwoaB/osaal is directly 10 related to the anbunt ®ICT/US02/33744
retroreflection. Further, the percentage of netal is directly related to
t he grai niness of the appearance of the tag when not under retroreflection.
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such as tfercOmpl, %’rore?l\é@tﬁ&%%ev é?&%%gafsg;‘aﬁé@g@a@g%%r ‘?err%n@lég%ﬁ ghW' th an
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processes are not harsh and c | cube cor ticles as
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retroreflective artlc e 42. The harsh process, for exanple intense heat, of
vapor coa@mnlgyed@trardatezecbumyers onto retrorefl ect ive articles could
destroy sone securi n,the form ofesg)atter ned
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adhered to the rear structured surface 47 with adhesive 59. In the example shown,
adhesive 59 is an acrylate adhesive applied to the reflective layer 45 and security mark 58.
20 The radio frequency-responsive element 44 can include a coating 60, such as an opaque
ink to further obscure the radio frequency-responsive element 44 when the tag is viewed
from the optical surface. In the example, coating 60 is a white ink. A backing 62 is also
adhered to the radio frequency-responsive element 44 and rear structured surface 47. The
backing 62, as shown, is a polymer paper, such as polypropylene paper available from
25 Ritrama, although other backings can be used.
The optical surface 46 includes background indicia 64, tag-specific indicia
66 and an adhesive 68. The background indicia 64 is generally common to tags of a
particular type. For example, the style of a Mexican license plate could be printed for each
tag in Mexico. Background indicia 64 can be applied to the tag using various processes,
30 such as the flexographic process known in the art. The tag-specific indicia 66 can include
such information as the specific license plate number, or the like. Tag-specific indicia 66

can be applied using various processes such as thermal transfer on top of the background

10



5 switching, phosphorescent, UV visible, holograns, and others, can be

pl aced on the beaded side of the sheeting using flexographic printing

nmet hods owows@s«bi ckers before the reflective |ayer is applriusd2/3044 hey

wi |l show through the sheeting fromthe optical surface. Such nmarkings are
usable for authenticity in identification with the unai ded eye. Another
systemfo i ki 4S] i.afd L4

et rof | coldREb AadiBLilL B8 tact RIRACHANCR, RSBl A Wb BBt
vi ened frdetigentofiteiindtle sfia vaclewcalithdechictadéltd¢raathalrg ifrhe yagds id e girathed
retroreflective val yues by. using djfferent reflector coatjngs. The

di f f er enct® P§HOPECEQ Ivég‘tcreoﬂleg?ﬁi“ﬂg% icgm&eégmﬁéqc{@r%hﬁﬁg‘ga%ang? bri ght er
and | ess Qighto th%ﬁ&énﬁ‘@@&s&@a&%%ﬂ&ﬂv@@&r etroreflective light.

Addi tionally, generally transparent patterned colors can be applied to the
refl &ctor |ayer whi¥ariqusirhodifcatiogs bhdcambidatidngof thej egittodirberds disclosedrwailll y
invisible_ in retroreflect 1 i.ght e than.one type. of urity. marks can
e ol oyetprei! & BeeaRiBd in kst ARISs ARG RAGRARE pRendBR s b crvmnt
44 in t hethelsbofetor teSidventnmk Asfihéd indghapefldddx14ikR, rear structured surface
47 with adhesive 59. In the exanple shown, adhesive 59 is an acrylate
adhesi ve applied to the reflective |layer 45 and security mark 58. 20 The
radi o frequency-responsive el ement 44 can include a coating 60, such as an
opaque ink to further obscure the radi o frequency-responsive el enent 44
when the tag is viewed fromthe optical surface. In the exanple, coating
60 is a white ink. A backing 62 is also adhered to the radio
frequency-responsi ve el enent 44 and rear structured surface 47. The

backi ng 62, as shown, is a polyner paper, such as pol ypropyl ene paper
available from 25 Ritrama, although other backings can be used. The opti cal
surface 46 includes background indicia 64, tag-specific indicia 66 and an
adhesi ve 68. The background indicia 64 is generally conmon to tags of a
particul ar type. For exanple, the style of a Mexican |icense plate could be
printed for each tag in Mexico. Background indicia 64 can be applied to
the tag using various processes, 30 such as the flexographic process known
in the art. The tag-specific indicia 66 can include such information as
the specific license plate nunber, or the like. Tag-specific indicia 66

can be applied using various processes such as thermal transfer on top of

t he background 10 WO 03/054791 PCT/ US02/ 33744
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indicia 64. An adhesive 68, such as an acryl ate adhesive, covers the tag
and is used to affix the tag onto the inside of a wi ndow of the vehicle.

Al ternatiwelog/os47bp1the tag is to be attached to the outsi edeTafSor/bsgsaehicl e,
t he backing 62 could be renoved or an adhesive can be applied to the
backi ng 62 instead of adhesive 68. 5 Various nodifications and conbi nati ons
of the en@g HRnts disclosed wll be apparent to those skilled in the art,
and those nodifications are intended to be within the scope of the
invention as defined in the appended clains. 11 WD 03/054791 PCT/ US02/ 33744
CLAIMS: 1. A conmbination tag, conprising: a retroreflective article having
an optical article ang Cé)n}bé‘?qt'éﬁﬁ?g\réomﬁﬂ}g%: 5 wherein the optical article

i ncl udes an opti cal , fok@fRrivesiORMASIng Gn'oBAkal apitid AREa refIRiv 18fdruct ur ed
surface coextensive wth one of the optical surface and the rear surface;
wher 8i n t he refl ect wherelnathe pplicsl atiolesintledesom aptichlesasficea apoppasita rgpr t he

structured surfage of the optical article;, 10 radi.o frequency-responsive
ol ement | HEIHH R S SRS ASh e i P02 ol Ul SRSt
f requencygiggponsi ve el ement having infornation storage and transmni ssion

capabilities adapted to enable an interrogation systemto obtain
i nformation from t whereldhe rafleetveclarss-is degnsiied oatdreastre portioarsd theher ei n t he

radi o frequency;responsijve el nt is coupled to one of the 15 optical
surface osﬁrurcguéé{d %uﬁfat%sgilhgf(’pgﬁaggﬁéc??’or eflective article. 2. The conbination

tagi1of claim 1l whergradid friequetty-asponstve cddtBent iimtldif€sn antemEmdQit i guous
nmetal layer. 20 3. The conbination tag of claim2 wherein the reflective
| ayer is Rtegriedeirguile theirago frequency-resopsina eleBgnt kaying infqraiaHpmsRFge anéy t he

reflecti V@aﬁsﬁxﬁﬁom%alﬁliff@st a?cfapteﬁ eSLEBe & in?epﬁggtic;nos%psfeﬁl BBRY ifOlMRn 25
from the radio frequency-responsive element; and
wherein the radio frequency-responsive element is coupled to one of the

15 optical surface or rear surface of the retroreflective article.

2. The combination tag of claim 1 wherein the reflective layer includes a

non-contiguous metal layer.

20 3. The combination tag of claim 2 wherein the reflective layer is a

metallized ink.

4. The combination tag of claim 3 wherein the reflective layer has a metal

content of about 10% to 14% by volume.

25
5. The combination tag of claim 3 wherein the metal is silver.
6. The combination tag of claim 1 wherein the optical article includes glass
microspheres embedded in a spacing resin, and wherein the optical surface and rear
30 surface are formed from the spacing resin.

12



5. The conbination tag of claim3 wherein the netal is silver. 6. The
conbination tag of claim1l wherein the optical article includes gl ass
m cr osphewe®3emiedded in a spacing resin, and wherein thePopitusezs37surface
and rear 30 surface are fornmed fromthe spacing resin. 12 WD 03/ 054791
PCT/ US02/ 33744 7. The conbination tag of claim6 wherein the reflective
| ayer is deposited 4difec on. at % . [olp f : I in. 8.
The combi nat i on  ag ol el LIt ag OF QeirhE e R R AT RAR hepBRlel .°
di sposed @ifectl®napleagortéurisiof ki spAcindrasarbi nat i on tag, conprising: a
retroreflective article having an optical article and a reflective |ayer;
wherein the optical article includes optical elements conprising 10
mcrospheres, the oplifdlodihhfiial8y it AARhihd cotprkAERcandy figpposi te
structured rear surface; an eréin the reflective l'ayer 1s a non
cont bguoudispstdbh theagticalyaeticledeposi ted on at | east a portion of the
structured rear surface of the optical article; and a radio
frequency-responsi ve el enent coupled to the rear surface of the 15
article, the radio §rgQeamsYiLETRORSHYSsifg:eMent including an antenna and an
integrated circuit, the radio frequency-tresponsive el enent having
i nf ormati on st or agea wtrareflecavsartislsihoving ap apti¢dl aitwde antbpredldctive layeabl e an
| nterrogation systemlo, abl 810} Y QITRULER oplib TS fhisin
frequency- r esponsi V& 8FEERPPH ! P prising
10 microspheres, the optical article having an optical surface and an opposite structured rear
surface; and
wherein the reflective layer is a non contiguous metallized layer deposited
on at least a portion of the structured rear surface of the optical article; and
a radio frequency-responsive element coupled to the rear surface of the
15 article, the radio frequency-responsive element including an antenna and an integrated
circuit, the radio frequency-responsive element having information storage and
transmission capabilities adapted to enable an interrogation system to obtain information

from the radio frequency-responsive element.
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