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30event jdithoaanndgsture from the persons involved through contact (e.g., touch or swipe) or
may be handheld and employed by those protecting the infrastructure. Such devices are
common in airports today. The devices typically are slow in the capture and analysis
20  process, frequenily require operator participation and require regular cleaning, potentially
after each use. In addition, the analysis results are frequently ambiguous, resulting in high

false alarm rates.

[0005] An emerging class of detection devices relies on the capture of the threat
indicating material causing a change in the composition of the material of the device which
25  captures it. The change is then observable or causes a detectable change in the reflective
photo luminescence. For example, film tags are used in nuclear facilities to determine if
there has been exposure to radiation. Optical scanners may be employed to detect the
change in luminescence when the capture material is presented. In cases where the change
in the capture material is visible, the holder may dispose of the device before the capture

30  eventis recorded.
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the sensor has reacted and relay exposure information.

[0009] In yet another embodiment, a method for detecting items of interest with a

95  detection media is disclosed. In one block, exposure fo an item of interest is sensed to
create exposure information. The exposure information is stored. An electronic circuit of
the detection media is powered without a wired power source. The exposure information is

wirelessly read from the detection media.

[0010] Further arcas of applicability of the present disclosure will become apparent from
30  the detailed description provided hereinafter. It should be understood that the detailed

description and specific examples, while indicating various embodiments, are intended for



WO 2009/ 025894PCT/ US2008/ 064158 purposes of illustration only and are
not intended to necessarily Iimt the scope of the disclosure. BRI EF
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described in conjunction with the appended figures: 5FIG 1 depicts a
bl ock di agram of an enbodi nent of a detection systemin an
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di agrans_of enbodi nents of a wireless detector circuit;

FI Gs. 3Aisal@"3B depi ct diagrans of enbodiments of a detector card;
10FI Gs. 4A and 4B illustrate flowharts of enbodi nents of a process

for detecting itens of interest with a det d;
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detecting items of interest with a detector card;

FIGs. 5A, 5B and 5C depict a structural diagram of an embodiment of the

detector card having three layers of construction;
FIGs. 6A and 6B depict diagrams of an embodiment of detection and
15  conduction polymer before and after detection; and
FIG. 7 depicts a diagram of an embodiment of a layered polymer
configuration for a sensor.
[0012] In the appended figures, similar components and/or features may have the same
reference label. Further, various components of the same type may be distinguished by
20  following the reference label by a dash and a second label that distinguishes among the
similar components. If only the first reference label is used in the specification, the
description is applicable to any one of the similar components baving the same first

reference label irrespective of the second reference label.

25 DETAILED DESCRIPTION OF THE INVENTION
[0013] The ensuing description provides preferred exemplary embodiment(s) only, and is
not intended to limit the scope, applicability or configuration of the disclosure. Rather, the
ensuing description of the preferred exemplary embodiment(s) will provide those skilled in
the art with an enabling description for implementing a preferred exemplary embodiment.
30 It being understood that various changes may be made in the function and arrangement of

elements without departing from the spirit and scope as set forth in the appended claims.
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or memory cell located in a smartcard. The interaction can be through a chemical, physical,
or electronic change. The change signifies that a detection of a target substance or
substances has occurred. The detection event triggers changes in an electrical or data

30 characteristic of the smartcard that corresponds to the specific sensors targeted triggering
substance. Bach card can have one or many detection sensor inputs and can be configurable

to accept combinations of any CBRE substances.



subst ances has occurred. The detection event triggers changes in an
electrical or data 30 characteristic of the smartcard that

cor r espondgonaspddspeci fi c sensors targeted triggeri nGCETUBYOAMSES
Each card can have one or nany detection sensor inputs and can be
configurable to accept conbi nati ons of any CBRE substances. WO
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[0019] A smartcard is used by individuals in a number of applications that are germane to

25  this invention. A smartcard may be of a contact or contactless type in various embodiments.
Tn a contact type, the chip is read when physical contact is made on the electrical interface
pads for the chip. A contactless card is read wirelessly at a distance. Some embodiments
could have muliiple wired or wireless smartcard circuit completely separate from the
detection circuitry rather than integrating the two functions as in this embodiment. An

30  embodiment can be a smartcard with a built-in battery. The detector card may be a token or
credential (e.g., badge, ID card, license, ¢lc.), a bank card (e.g., credit, debit, stored value,
ete.), or a preferred customer or member card or a prepaid card for other economic

applications (e.g., transit system fares, NFC enabled ceflular phone, prepaid gift cards, etc.).
5
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nanot Ubes Can (=] %?gl lﬁlﬁo&t% tteg'ﬁ) é:éoli'l 1ﬁatédrb?atte can dl Scrl m nate t he
er aovdﬂl#’

si gnal s R romthe co am nated detection polyners. The

el ectric devel op NGESon MandtRk Gah Y&
20coupl ﬂ%zﬁ %ﬁgﬁe‘fwa@g%geﬁ}ﬂﬂﬁ%&s ?raastbn{l%ggglggé]?’ 3rﬂa“?6e3| stivity.
[0023] Ret®Eforfomgthe Bllrctmtahdtyaﬁ discﬁhﬁiaatelthe axgimuwmemeagqogrﬂmonggmmawd
enmbodi rrent of a dete stem.100 ,jn,a of

i nterest eﬁ?"‘}@lgﬁ’ﬁﬁ% %CE%@%%‘E]I‘S e cgﬁér;oaé}{]% gtn(#l&@g?%s or
medi g 1Q%u§1h%t caadiiveC RG] Badnetivdduplimyorasstinitia 132 and recei ve power
i nductively through a coil 136. The detector nedia 108 are exposed to

various fgh A [BeerRhg iRy eIl 12 R5cid di@ifarh bAMEImbLIliRenadE AR&otomt ed
user. The

tector nedia 108 are capabl e of sensgrﬁ?s nﬁggsurﬁgto one
or nore systems 0@in anrmwr@sltent ehitems phgtrresh B 2dp shovpg d s Pvi ng
pOWSr Agwer X:%&%ll& Ear&R rRBiaG0R ANE R REGHmAS cASHWRE il SlerinB 180 dtrbivet 0 a
reader or
power inductively through a coil 136. The detector media 108 are exposed to various items
75  of interest 112 as they travel with an associated user. The detector media 108 are capable of
sensing exposure to one or more items of interest, even when the coil 136 is not receiving

power. Any exposure can be communicated as detection information to a reader or reader

104.

[0024] The detector cards or media 108 communicate with readers using wireless radio
30  frequencies (RF), for example, 13.56 MHz or higher frequency signals could be used. The
detector card 108 or token could be used as a smartcard for other purposes. For example,
the detector card 108 could be used for access into a system such as, public transportation
6



104. [0024] The detector cards or nedia 108 conmunicate with readers
using wreless radio 30 frequencies (RF), for exanple, 13.56 MHz or
hi gher fr aegaeimépzsiygnal s coul d be used. The detector cECHUIDBS/G153
t oken could be used as a smartcard for other purposes. For exanpl e,
the detector card 108 could be used for access into a system such as,

publi ¢ty ANSH RithBhib@ParRing YoteA 05N 2S SRAFkEMIFAY &N O ALASing yabas,
aut omat ed parki ng systens, stadium evegﬁjﬁtl cketing s

t ,
bui | di ngY%@@?es‘%d@Wg%ﬁle defgefpy ogh L8| cpul Btk oeRORs oncasdi O 6P o be
part of @, HE&Q&(}S& Iﬁédiacft%gie&d Wt be ghatd 1685 fnd cEhBe 1811964 STRFMEE@IcARE need

not be in card formand can Be any type of RF identification (RFID).
5[ 0025] (RFI@ny tine, a reader 104 can wirel essly power a detection
medi a 108 and communi cate with the detector nedia 108 wthin

commsni qesaspn Atamngeme, Raeder D418 wirdedsly fvechaddtrtipamediaflP&eand, but can
read any detectjion. infornmption i.p, near . I di a
di st anc& ™G t@%@l"hedgéeg%émg%lﬁ Il&i‘gﬁ%{] (%anngln g%%}\%er?d’g?'ok?ﬁég 32‘% édcﬁi]aor
medi a 108 hafiheldth GReR bliden fhd hhyaleteetateinfob@4tidndn usety detscoomdinil @it e

wi th the detector dia,108. 10 6] Various J LtRE € 112
can be JEWsBHSHYCY ngﬂaéliieéélf%ra cf?é?gg'f](fgqaaploﬁ' “l%tdéérr(geq%&l&he? irearlgg'tﬁ%oul d
be a chepieadd 1302 Heakae N4GONRO W @ mnimita@tvitithe dutattcmedia 18%pl osi ve
(CBRE), for exanple. As the detector card 108 is carried by the user,

any ﬁ%pq]ﬁwe? b RERE s dr &iiEe® 17 Hhek eSkedlthAhe ddledi® ca@oRATRIicbnishudt
information'retained In sone manner until a reader 104 reagéakgi

i nf or matintrest cphid beesheraital; nbielogis comppndaadiptiaeidler Ap sHRIgsHE

cont act i ndiyr. i ; - Wd these ekmE 8ice
to FIG @%?&g‘bg’r &gﬁﬁetdﬁi%gc%%ﬁg? égaﬁegﬁgﬁgﬁﬁg%%er’oawg%b?rel ¢ sz ‘alget & tor
circuit ia@sdl Iﬂsalsm;%nsefimthé@tl:@miﬁwné?tﬂlétﬁ ip S%Bmimeémétﬁﬁé ‘?:‘td1 i'n a
et et O ofi) . kb Jh8 1 SHBOIAR hay BUfircb M ishRBDOAMEC Nl 0

anyt hi ngr_ea rrocessor 4 or mcrocortroller runs software using the

menoty 2Zadireclheitbofttmpeantacin be held in the 20 persistent storage 208
such as flash, ROMor sone other non-volatile nenory. The persistent

st orage @087)cawithefeteied té PIG AL e biodedibgrhinef sn frobodithent of ¢ wirelsy

P st or | cAiecsg AL 0Ads NGEmoah: S pae e B ORI Blebflard
st orage 28y this embodiment, but could be embedded into anything. A processor 204 or
microcontroller runs software using the memory 228. The software can be held in the
20 persistent storage 208 such as flash, ROM or some other non-volatile memory. The
persistent storage 208 can be used to store identifiers for the wireless detector circuit 200-1

and sensor readings. Various amounts of historical sensor readings can also be stored in the

persistent storage 208.

[0028] This embodiment of the detector card 108 is used as a smartcard. A security

25  processor 224 can be used for authentication, authorization or secure storage of information.
Other embodiments could be used for no more than sensing items of interest without the
other smartcard functionality. Some embodiments could have a separate wired or wireless
smartcard circuit completely separate from the detection circuitry rather than integrating the

two Tunctions as in this embodiment.

30 [0029] A wireless transceiver 212 allows bi-directional communication with the wireless
detector circuit 200. The antenna 132 is used for this communication. Other embodiments
could have multiple transceivers and antenna tuned to other frequencies and/or configured

7



[ 0028] This enbodi mnent of the detector card 108 is used as a
smartcard. A security 25 processor 224 can be used for

aut hent i cav0amOaBe-hor i zati on or secure storage of infBEFAEIEHL64G8her
enbodi ments coul d be used for no nore than sensing items of interest
wi t hout the other smartcard functionality. Some enbodi ments coul d
have at $@?aikafiiﬁ1h¢ihd§@dn@ﬁdsv\li86ﬁab emBodimat @aidhast oy irtnsadssphebmbility
separate fromthe detectio ircuitry rather than integrating the two
functloﬁ%ﬂﬁ§“W S} 4FieSIOL FESHi4Mnt . 30[ 0029] A wi rel ess t?ansce?ver 212
all ows bi-directional comunication with the wreless dehgctor

circuit B8] Preoventwaliz1e sbovsnigaRitient SRrhTUEPY ShidEMITEEES B8 her
embodi MefE S spu %eaqyfagg@am Qiegd&ﬁg@;ﬁﬁ%ﬁeguﬁmo #plcen a6 ddaned to

ot her frequencies and configure
2009/5025894RGTIHSPOOBL 6 20l5@et by thppdweiurplyctfe The Wil dgsctongreyit

erbodi . L L . .

det ect oo B %ﬁ%ﬁﬁl@%@’#&fﬁ%&?@%@ s 0he i nrerm ttont
ner gy oply.to e .Wr det ect ' ' '

wth o TBELY hGamtantiener SReBtiran £y hES sh s Yo a0

I Nt 0 apRikpRnicad ReOditingRs:. Byr dxampleoiivexessanp phepctdBpol s v makadsly

detector, ciircuit 200 cones, fully functional e r rl rgi zed
by ¢ he. rEaHEA e WD TR bTE T et L 2 Aear ATt e 50 *°
tF 2 ?t 1 ggg rggﬁthctrvgguhé i@enp&)ﬂt@fr ZE@whﬁptﬁé darelfgmﬁucwr tireult LeMES indin pawteerdest .

e, uorescent quenchi po rs.o | ecul arly .i nprinted
polynprIPNWPWﬂ¥é§%WOFB©9mE%ﬁ??@ﬁgg Iﬁﬁﬁgg??%ﬁﬂBQgﬁﬂgﬁﬁg?ﬁﬁ@ﬁgﬁﬁﬁ? has
come in il GheQ@itt agk Minbdsikhifted h MdSEARACT & 2gerhidBiatdier vhbisRhes Bas
detector circuit 200 I's 1n_an powered 2 Qon-gomered state. The item

§?E§I? n

sensor XEONEEdn EP@&@F%“EW@?{?Q:%“,‘JC}SW P&l PBRY P Ehange in the
M P. Thqmﬁgﬁag§0§&ﬁﬁmgﬁ§s that a detection of a target substance or
substances has occurred. Each item sensor 220 can be configured to be

. \Sl[ﬁ%%? e Qffenthe %élgsts%gtggﬂm&t o i§ 9&&1 ?gﬁ&@éﬁ ﬂ'ie]eli[;v&g%f wahen the

sens1§i
W reles ctor circul I'S next powe , the exposure of the
detection polymer can be recorded in the persistent storage 208 as exposure information.

(D=

The value of the exposure information can be a value indicative of the amount of exposure
experienced. The characteristics of the detection polymer can be such that the resistance (or

some other electrically readable characteristic) changes as a function of exposure.

20 [0033] Referring next to FIG. 2B, a block diagram of another embodiment of a wireless
detector circuit 200-2 is shown. This embodiment doesn't include the security processor
224. The wireless detector circuit 200 has two item sensors 220. The second item sensor
220-2 reacts with one or more items of interests without requiring power. The first item
sensor 220-1 uses battery power to detect one or more items of interest. The battery 218

25  can be used by the first item sensor 220-1 to detect and/or hold the exposure information.
Other embodiments could use the battery 218 for other parts of the wireless detector circuit

200-2 to store the exposure information in the persistent storage 208, for example.

[0034] With reference to FIG. 3A, a cross-sectional diagram of an embodiment of a

detector card 108 is shown. Various items are embedded into a media 304, which could be
30  made from plastic, for example. This embodiment has three item sensors 320 that change

resistivity with a detection polymer. The resistance is measured by sensor electronics 308

and reported back to an embedded chip or integrated circuit (IC) 312 for recording the
8



detection polyner can be recorded in the persistent storage 208 as
exposure information. The val ue of the exposure information can be a
val ue i ndiWauePed2¥P4 t he amount of exposure experi encedPCTRE2008/064158
characteristics of the detection polynmer can be such that the

resi stance (or sone other electrically readable characteristic)
changes waposwrdinfeotition. The enppdduldip @01d[iGd8R MRk 228, Agronestar 204 aF| G

ci rcui t S0P PERETRE, R AP R e e B R0 LR 1

processap@@216.The wirel ess detector circuit 200 has two item sensors
220. The second item sensor 220-2 reacts with one or nore itens of

I nt er est[038] t KMt 10 F1G. BBVRItoss-F@giohdl BRirain FahatRda mbodlientbf Wses
battery power to_ detect one . or npre ite of intere t2 The battery
218 25" feclorcaid &P ByhavHe Tﬁﬂﬂ%@tborﬂwmf@éﬁ%ﬂ%@f%@ det @8t and/ or

hol d t he,oghpR& i FerdeityOkdR He @AboBhBRY of 100 {IBRhSurE Hahghs b @pidience.
battery 218 for other parts of the wireless detector circuit 200-2 to

store t héariogpenbpdiments o thadtampsensons 123s0pd chinge BRctaceBRFaSSO8,  f or
exanpl e.of; ' . he RicEHGSHIRRE thABA theli agr am
of an enrig%glgir%é’]nctay%%@gg’?&g‘ %%?%rg’ e?:(grcgén%n i se sho&ﬂﬁ% ari o_usgi tt_ems are
enbedded:lécirical charsetgiigicgolitenyiensans B3ab 8 finstigoofipprsuiere m igragkinerest or

exangy €. 9&%?%&%9%@@% s @ﬁﬁrfeii}%ﬁ%%BMn%%%o&ﬂét change

resistivi ion po e resi st e 1's neasured by

"t eor at B FLK e gt AR PElPRSs! nEReRIRERREeAR Oy

The enbetitedngiting of isdrest wihlzuddiectorrmnt 08228 owa. FhodeiswalpoRde,of the
security processor 224, rsistent, storage 208, a.wreless .
transcei ng?essﬁ@) ,'IQ%QHIS & ]ﬂg%e 4%@&&% f%%é%g fﬁé ﬁfsuﬁge?oearurslernazm Sy

gl G 3B, pragrﬁthfgd 1oé$’§ﬁéﬂaﬁlﬁl&[ thd'_lil_ﬁt_@cfta’(ﬁaﬂlfnb 1(§)_aramulsﬁm;L weirthodithreset inffrmatid,
etector car IS own. Thjs odi,ren as three.item sensors
322 that apaﬁ@ﬁ%we@arﬁéama?% ?eé‘PfefFﬂf’]%ﬁfo?"GHﬁ? P?LE‘BT ‘Bf?BB%PHe BT HE® 3A to
nNeasur e £HaAdesddddios 8RATDE ANGE it pYRAfiellySs bR ivnidissof aftertdén blodm
sensors 322 coul d change inductance, magnetism resistance,

capaci t e, opaqueness, etc. Cenerally, the detection polyner

changes the el ectrical characteristics of itemsensors 322 as _a
funct i onf0837]exipblngk 412 thedism serser 330 tepiscip €3OS 1o e refgyanidEMED of on
pol ymer hi | i Hith3 i B¢ S8Ske AR AShnSX BREKA . THEC3RburdV t h
r ef erenclgljte o&%%téga%]&e{g#e om&rglritg %?)' ane_errbodi r?ent of a_ process '400- 1
for 2Aet eiofdrmetidntreaybe grefl fnt e eeporipatéyiabusieg adetestionplymerodT PERkoNN.

The depict ed [ . r -l begins in bl ock 404 where
the det ettt (Scrcﬂc%g}n%{eﬁé slglfésgyeggo @S%gﬁgszgﬁggf%thg w th any progranm ng. For
exanpl e, det ector. card, 108 co be witt i ¢ :

i nf or mat E{’éﬂﬁ 1‘%‘ SSPH PP gg]‘eodﬁ%?wﬂ%%r hs|o¥;rce0 &t glncé)g@&“\é%‘r%}g ﬁt[JOr?blgrb fock

and/ or oifvafatippives MRicbid 136 ditke disetoreatn D@ ® @metmLiht Heedateactiot00dar d
108 where it potentially_i.s exposed to.itens Of..J.NLErest, | ock
408. [00@9%K A IR 20F pead{ 978 o wapralsn 55157 2200 °e1%£2e3>'<ppr8§ur e to
the g2l eyadition b&Rh&reBémbel BE eGlosuré\ipt ExbO st at dny tinereehesed as
exposure, information in block 416. TJ;be ex osga 20 informati on maybe
stored iRfarmatione fdepxnegyre imfapmatian eayl e&e‘?&f‘t "ol ymer, for exanpl e,
or sone other nmaterial sensitive to the iten(s) of interest. [0038]

At sone [83Ht , Where thees is exropure dptectatip bioskaa e reasiar HKps §0t e SHo8HRer
104 in bint?ﬁ@afg@%fré?&gly@r?maégsgga&ggglngﬂeé&nﬁés #4518 bdet 85 BhicerE4h 108 to

power up tector clrcul ]
where any other operations are performed with the detector card 108. Where exposure

30 hasn't been detected, processing goes from block 432 to block 440 to perform any other
operations with the detector card 108 that the reader 104 might perform.



bl ock 424. The processor 204 reads one or nore itemsensors 220 in

bl ock 428. The 25 detection polyner renenbers the exposure that can
be read atwangowrsed as exposure informati on. The exposBEEUSHPYP@EESBI on
could be a range of values. [0039] Were there is exposure detected
in block 432, the reader 104 is sent the exposure information

W r el ess{boao;]y R 300 G088 $Sl0anE R ahtHEenfbb@mebl aTalorotd 40201 ock

440 where a er operations are perfornmed with the detector card

108. V%émeﬂetmpwm of Grtéress with aisletepfornerdb Hi8dgishopno Lbis sphediged 8548 3om
bl ock 4321 &9 %Hl,g%lf?cgﬂ?g &e(ﬁﬂ‘% é?ﬁ%@fmeap@m@ PR V%ﬁttbﬁbck heo

det ect or "ca m ght perform
2009/ ozsamfobﬁzmamm&m&qmm]xe Faéﬂeymomg Ofe K1 MeIS itEnEensgys 22,

f 1 owghart qdi rent 2@t IBtSEhhing

i tens of i ’%t"éﬁ’ﬁ%?iawqaﬁmée é?oégrteér%%rgapgﬁ %%gﬁ?%sés t({)av\ﬁ i s enbod; Fent

uses a haddkebfthe pBcdsndtl-Darde tkel@AmewhFih4di ffers from t he enbodi nent of
FIG 4A in that block 410 is inserted between bl ocks 408 and 412. The

battery Gm NS RefMnHexiRITIGE! RANSBEAS SCsa SO Ehbiatemi of at brebddireénd of
Gat here

exposure information |s stored f.or latﬁﬁa § L{(nc&&e
remai ni riie Gitesik sadhayipg thisedereot sorsiryction ds shwn g JpgCoRUstEs [ 0041]
Referri t Gon thdreqaRnRAM 0Bk @dﬁtﬂﬁdﬂﬁielpb@incﬁh wit] baembéddad
enbodi nert%?&g?he egdégle%gttor card ha\? Enthr e Iayers e(a! ﬁnst lﬂctl on

i s sHowend Theeerganmicg of e devicetagnisac BeiRSH
requl T engil ey kg TR AIREIR thak erﬁ)ap?izyd?@ﬁﬁdemflalpldg@c enbedied 10 and

the ergonom c¢s of ice to enhance detection fromth{g expect ed
handl i ngmbjfwrtjdherl@etmaimalmawhifih Tsieus leuatt okarilagmeled) PERYCSEh, 512 are

made of a ij) 9t§vtc c’om% %& E&fd'ugtﬁg’pogrme)’s\@z@%d iecBEPESly @S 624 @b appliedh ch

various 1% amat ed, "a ted, or conjunctively conbined
conduct i atﬁnqaﬂhopd*er dzeﬂ@@edamtteldeibewm Jbisyrers caperpyidh g i n an
|nteueaced .0r checkered pattern, for exanple. This pattern can vary

wi t hi%r gAY 5, equi rement s. [ 0042] Each of these detection pol ymer

stripes 524 ar n rated.with a sen

condgct i [Po43) c@&h@éﬁgﬁa‘f‘?ﬂw R q%gmp%gﬂg#%feqﬂt%gﬁgd R‘Ftﬁqggﬁgisrﬂgh%t

usi ng Seﬂﬁﬁfersctﬁ@&ﬁﬁﬁdtﬂﬂy piRingé B VR to fﬁhmnexnlbmv ocintay cEBS 0P REREEHUS t he
sensor information and ansm tter tQ t j rat ed
circuit fqnegetign poigts o8 ﬁ]?"éalaéf CPIE éf’é prf’ﬁféfestcug 4 %f%g%{ion %g a}\:/\tlﬁgseag

coul d i nglid@ie Etﬁelﬂi&%@i‘magﬁ@ed&xmﬁlt {1093 mﬂr@nmad cm'q:mutt(EC) ohntRet o of
detailing the antenna may npl enent ed . as V\ﬁ’r t}g‘\/n &dte{:hgl g%{ectlon
pol yAgr whighgedd Mﬁiuéﬁﬁlﬁé}éft %frth%?"l“@é‘g BEPIA S, Ky BRPOERSS

exposur e Jhg n&‘a?%e %plbxﬂerﬁé@dsamleﬁneﬁmefmtwﬁoﬂmmbmgem clrodcyenisticsray

be inducfive, voltage, resistance, and conductiye cin
nat ure. dueto athreat sul?stance exposure. 1he change in 81aracter1st1cs o degectlon 9&?&1&

may be inductive, voltage, resistance, and conductive and/or magnetic in nature.

[0043] The IC or PC 312 will evaluate the change in input characteristics during and

25  when a detection change occurs, or simply reacts to the change in antenna Q factor and or
both to trigger the IC or PC 312 to take the appropriate action to signal that a detection
occurrence took place. In turn, the smartcard reader (or PCD) 104 interrupts this change in

signal detection and transmits or sends the appropriate information to the host processing

system for a valid response.

30 [0044] Referring next to FIGs. 6A and 6B, a diagram of an embodiment of detection and
conduction polymer is shown both before 600 and after detection 604. In this embodiment,

the detection and conduction polymers are mixed or interspersed. The polymer materials

10



[0043] The IC or PC 312 will evaluate the change in input
characteristics during and 25 when a detecti on change occurs, or
sinply rea¥0200238Me change in antenna Q factor and or PESUR2008/064158
trigger the I1C or PC 312 to take the appropriate action to signal

t hat a detection occurrence took place. In turn, the smartcard reader

(or )neﬁhgﬁpﬂlféh & ! Hétéct&r*ahrfﬁ iR Yo B@eﬂﬂﬁﬁi pofllcBChMORIRRE transmits

or sends t Aet'appropriate i nformation to the ostglprocesm ng.system
for a vabmd;hcm@spl}mweGOSBé@ld[TmaRbﬁf@ﬁh tigjogiesls radiplogicdor explOSisd 6B, a

di 15 h
bot b beraralhsiRE pEF e Sz, Pt Ak LAGaaRd e pbiyae: G Mhviip Shown
det ect | G afdaicheerpbied detpaiopmelysent kS inshova in FIG.1§Be tn fis example:the

| t 025894 4 t
Phe” Bt dERtonsabier REh BHETAt® B St AR g 0 By BB ' 2

conduct iy écRasiygmhe c&{d8ctidig of the coxtdlueﬁveqaolyhenﬁ@ﬁal bi ol ogi cal
radi ol ogi cal or explosives detection sensitive polyner 612, 616. The

unexpos gt @&fbﬁ%b@@méﬂeme@g%mg&c]aﬂmmp lemEbrﬁhc Gﬁudaﬂdretphl@men(@ﬂﬂs ed
detection poI 616 is shown in FIG 6B

det ect i ¢nd gl W@ron@féfmeeé‘e? 'éﬁé’tﬁ%dlﬁtﬁ%wﬂ%ﬁ"ég %‘%ﬂ aﬁ‘BHBW&PP%SY

pol ymer %Q?’m%ﬁﬁz@/%ﬁs' ek c@s&adc@ 6616881 A8 cdndfctve Byl pakticlesof mbherles
conductive pol ymer 45] In_ this enbodi ment, aC|

r el att orviHiinserenes smewdiing i lhén @@WGO’@}PF {STeaH Gt CORGRCNIY Wﬂﬁ@c
pol ymer tﬁe:l‘ técﬁor?g&gﬂég%l 1 9' &b %@_} e¥tl=:(?{?vﬁh B hréat KRWACMA WHEh e detectlon

conducti Vi n ohns/ cn® di st ance between the
conduct i pmmpm 6321616 isalesigret é@realﬂnﬁo'ﬁhﬁzﬂf@ékll‘beWCF 624 shoasia H@dt ti ng

in an ohm ?he\ﬁgrls d;ét%%é@?s@%lﬁﬁﬁ}&%nducn vity will decrease when

t he det ecfil on ected with a threat substance
in whic det po 612, 6 The
smal | er I}H{){kg %‘%ﬁ eI cgrﬁﬁ\qus Cﬁrrf?a‘dl]%&h g?ﬁ}%li‘%g?%g?ﬁ gﬁgfte%tce 620
is sh:'DWrﬁ) aﬁicuﬁ&s of Qp46) wibcatifeehchatseaitreactiomindhd @g:ctien pddymerdd2.and
handl ed y t he user itemof interest .15 l;

vapors) &iojapd g’ﬁﬁg@t Wﬂgémq’éléee%or?%%fc? %ﬁreadm ﬁ%%ﬁ %egl?:a? P%ﬁ&p?%p 12%635612,
616 and dhbget@&thrdiiol] Ineht biifodifers bba ddectur cardithaf contaizsarciowgT Sohves.
external power is applied to the ector ard 8 JTent
of 5 dete et wwava Rkt BT e B AR eSRbee s B bisFio B RA
det ect ed.3ngh s8R &@ﬁ@mw@r@eﬁ@muc@mapﬁbmm@zhaged Famﬁe magopoewsioded a
| ar ge enou change of el ectrical n be

erties  suc it a
neas¥t edod ilﬁemf%?féﬁ?%’é%‘é?dn%mgw cpogsfigte hPWetP%po ¥13er\573arn| ous

enbodi ”98-#55 dPard SORIBAL b BileBoIRVN dnfien d26d, YiBlet 61 sthd? siacar r anged and
nmet hods o 5ep05|t|on onto a card, ticket or other surface. [0047]

Ref er 11 NGBt 110l G fo e 7SHGHHHRA o Ofe ycktgotesbs poinguRtion fr 3

configur
sensor is shown. This embodiment demonstrates how the polymers can be combined

conjunctively, in a layered manner. In this embodiment, the detection polymer is not mixed
25 with the conductive layer as in the embodiments of FIGs. 6A and 6B, but is applied after the

conductive layer is dried or cured.

[0048] When the detection polymer 612 is exposed to the particulates or vapors of
interest, a change in the detection polymer 612 allows the conductive polymer 608 and
nanotechnology layer 704 to réad that change. This reading is based on changes of

30  resistance, capacitance, magnetic coupling or inductive coupling that can occur when the

detection polymer 612 is contaminated with a specific item of interest such as a particular
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sensor is shown. This enbodi nent denonstrates how the pol yners can be
conbi ned conjunctively, in a layered manner. In this enbodi nent, the
det ecti on YWORYMEEBPS not nixed 25 with the conductive PEYEP24F0GESt he
enbodi ments of FIGs. 6A and 6B, but is applied after the conductive

| ayer is dried or cured. [0048] Wen the detection polyner 612 is
exposed emplcisive n;aa:ria]i ouipateat aohenvieg) arageriaf comppeeng St ¢ raliatibe pepaponents dre

det ectiolﬁ ]B |y 6.12 al l ows the conductive polyner 608 and

nanot echi %6 P%@‘EP’ 4 to read that change Thi s readi ng is based
on changes of 30 resjstance, nce, netlc coupl i

nduct | JBO P U Lot b B aly HE A PEEe TR TIBEPy hEs PEEess | <

cont am ngh @ecudid Iféaiam%QﬁfehftﬂeCdeteEﬁéH @lick EE@:E et 1n§&F$}a1@§1tﬁovﬂﬁiﬁdw& ul ar
expl osive material conponent, a chemcal materia onent, or a

radi at i oWPRBRpBYENEase o2 WAFFHY Pﬁ%lpaf@eﬁwﬁ»ﬁlﬁaqcpbﬂm&@ewﬁa Thi s si gnal
i's store&ngﬂgngag&y\@{agee‘glﬂwgrgar@&dlr&d@lnd/or hosting system This

process can occur 1n real tine when the detection device is one that

I ncor por@on i t IFPH\%DU ca?{?yég&erga?u“ nd%{t le Lu[ﬁt %l}}) QPR n%funf’édﬁ‘l[%laetrﬁl e(At

appl i cat occur e Ini communi cat ase
wth a smemnpamhamaeahieartion{ Dﬁh’ﬁ]ern'ﬁbmmsmmt detedion palgmer(gdn2 D@IE more
por t abl &, uni t

S, punt e r nan nent
Pocat 1 onH R E R e AP RHE Rty e % TRE S b Rerp B Dbl
mor e1d hadlloonter the deedtion of mulslelmpéciﬁmtemloymmpma edatirical halggrsemsorie
type of arr enent ul.d 10all ow for.t f multiple
speci fi c%¥ Tgﬁgcweﬁt?étg%ﬂw Rl gy oé:@?%sgg(ilﬁ %Oi%%a%%i%v f?“'%/%voul d be
connect ejdeitFickiitd oTelspdif: iRkLaSntolesteina vas paeditdd ¢ pol yner to al l ow for
the identification of the specific itemof interest that was

det ect ed 00£ﬁ05éthezq-h9§5al BEY &k Gith a6 RY BSartlUel pRdhek @Yy Ao Imvanss cel |
phones nay al so have this conductive pol yner applied to allow

det ect i ospndtctive pelgmerapphigdde aldqw detprsion phitdmsafineresst Tharprlieptign P s
(r:n(j o !l i edpdlﬂn&b tREEindd (N XA aMixéd drBNBYRD SRR tn Sakpphed &R h@eplesi n g

methods as a polymer/ nanotech ink, using a spray method, brushing, spin-coating,
printing, and/or roller-coating. Ink jet printing technology can be used, for example, to

spray apply the polymer to the surface or substrate.

[0052] Detection polymers are polymers that are currently available to detect a pariicular
20  item of interest. They could include vapor or particulate sensing polymers, florescent
quenching polymers, and/or Molecularly Imprinted Polymers (MIP). Current classifications
of sensing would include Chemical, Biological, Radiation and Explosive (CBRE). The
molecular formula and the electrical properties for cach classification of substances vary, as
well as the formulations for each subclass. For example; the molecular formula for a MIP
25  polymer that detects TNT will vary from the molecular formula for the MIP polymer that
detects RDX. These differing formulas cause the electrical properties, conductance or

resistance, of each formulation to typically be different.

[06053] Each detection polymer type is matched with a specific formulation of conductive
polymer and/or nanotechnology particulates, such that a electrical signature can be read

30  once it is exposed to the specific analyte that causes the positive chemical reaction in the
chemi-selective detection polymer. The value of the exposure information can be 2 value

indicative of the amount of exposure experienced. The characteristics of the MIP can be
12



met hods, as a pol ynmer/ nanotech ink, using a spray nethod, brushing,
Spin-coating, printing, and/or roller-coating. Ink jet printing

t echnol ogywoadneessesed, for exanple, to spray apply thECHHSHIEH6IUE
the surface or substrate. [0052] Detection polynmers are polyners that
are currently available to detect a particular 20 itemof interest.
They coyl thadfle YR tNBPQE s@he RBE: blebtibAlyaeRBMNE cRGadisiicyRhdged ds@r escent
quenching polyners, and/or Ml ecularly Inprinted Polyners (MP).
Cur r ent funct@sefferpatiieons of sensing woul d i ncl ude Cheni cal,

Bi ol ogi cal, Radi ation and Expl osive (CBRE). The nol ecul ar fornul a and
t he el ef{@0S#lcalh mmbperfvhssichomdaadificelics of fhedistiosd eofbodigisss s2rc8 vary,

as well .,as the fornmul ations.for e I - the
nol ecul 3?‘ u?‘%’r Ieéarfq?)ulfz > T egbﬁﬁms%t?@%%r%y?%a%ﬁgrg?@%ds E}{ﬁpvt&ﬂ i var y
f r omst henvemtioadsha@ imchariabd so Hmitedtahé caviPogpabersdnd inth attothebibeatags,RDX.

These differing fo | as cause e el.ectrical properties, duct ance
or resi Ils”‘f“’ﬁﬁ%% g’B’Fs’ é@%n‘@%}ﬁfﬂ%ﬁ%gﬁs fubd 18 ?t%é*f"f‘%"o“%e gllp #flgtflg%ttg Ssn[ 0053]
Each detgskirigQnerRid, YerEfhoby RivbiBorgpshipping bokdshnd capaeird, ocadfyatimul at i on of

conducti ve pol ynmer. and/ or nanot ecl und. o particul at es ch t a
el ect ri @fblg st @Pﬁ’og‘ﬁ?‘r‘n‘iﬁ&c"gggﬁe ]E?gg‘?f%\étoi Ry 5’%“%&‘%%95 eﬁﬁe?lhggg
speci fi grARAINEbBmehElesGRY SQSwitHEcoR@Gildss MearhaNihg ather @nteidingmtsi coulidhe
chenm -sel ective detection polynmer. The val ue of the exposure

i nf dPmatpeornsredisad avith coBPEfe i ndi cative of the ampunt of exposure
experi enced. The characteristics of the MP can be 12 WO |

2009/ 023@B3PChis2808inckls 58he distiosurrtave hrendsscribedabore MSPUEERR ot her
el ectrically. k | Btd AROER il iR @Rp@n is
exposurgﬁ&féﬁgﬁﬁgﬁgﬁﬁﬁ%ggag%&§%$?3??§ﬁgﬁand n%%???ggpions o? t he

di scl osethde miy By membEexzamplesnd ootye limsteton adhe wrpmefithe dispdasyreenbodi nent s
di scuss use of a smartcard or card. The 5 invention is not neant to
be so limted and coul d be enbedded into autonobile parts, handbags,
shoes, belts, other clothing, hats and hel mets, weapons, equipnent,

| apt ops, cooking utensils, cell phones, inventory, shipping boxes and
containers, or any other portable itens. Enbodi nents coul d be
enbedded i nto any human-transported item The above enbodi nent
describe use with a contactless smartcard, but other enbodi nents
could
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10 use a smartcard with contacts. [0055] Wiile the principles of the
di scl osure have been descri bed above in connection with specific
appar atuses and nethods, it is to be clearly understood that this
description is made only by way of exanple and not as limtation on

the scope of the disclosure. WHAT IS CLAIMED | S: 1. A
detector card for recording exposure to an itemof interest, the
detector conprising: a nedia,; an antenna for sending

exposu&ﬂiﬁﬁﬂﬁﬁﬂﬂ&hﬁﬁljihere|n the antenna i s enbedded in the detector
card; a power source that inductively couples energy into the

detector card; d{i’fect%i cax!i ?cﬁtléc%?&n% WOgIHIFtt n'geenq QF teﬂ){gt tt}?e de&ectOI

medi a, mhereln the el’ectronic circu r eadabl' g,

a mat ecodpridilat reacts when exposed to the itemof interest, wherein
the electronic circyit can detect if the material has reacted.

2. The detector &8f&2 or recording exposure to the item of interest

as recited in cl ﬁiéﬂt&na‘ﬁ&%&ﬁ‘dlﬂg Eﬁ%sﬁl@ﬁr%ﬁﬁétxoﬁ%rélﬁ% d?i&'nﬁ&ié' &itledded in
i nprinted pol yner(s). he detector card for recording

exposuite detectomearidt em of i nt er est as reC|ted inclaimi, mhereln t he

e o P S8 Bk UBL 8 HEP L BURIE NP MR e detpetor card:

The detector card recordi ng exposur Y e 0 erest as
recited in clai nnrilelemroeam&uit bmb&&te&ﬁnﬂnhnieﬂiat @rhaiedl the élhcta)ndﬂtlfwttus)n

pol yner (s ondycting pol yner(s). 5. The detector
card f&WeLEQB ﬁ$ﬂ§>é% osure to the itemof interest as recited in

claim1l, wherein, hﬁ?eu'ﬂpﬂhﬁtr redtlts &Q&pé'x'pgﬁg t&thRlil A flihtkre®f whetdgl tBe electronic
conjunctively forned with detection polyner(s) and conducti ve

pol ynercireyit can detect if the mageriaf hes igeqtekt or card for recordi ng exposure to
the itemof interest as recited in claim1, wherein the materi al

conprises a plurali tY}-FPJ d &Y&rc%dgﬂ I%Bmﬁﬁf% gg(ﬁn%%eetg i éﬁi“c?fmfe?ésf‘?sdre&%e‘ah

a detection polyner(s a conductive (s).
The detiecltior I,caragkeih dre maeds domgriex pedaenkrly ompimged peymef(s)i nt er est as
recited

3. The detector card for recording exposure to the item of interest as recited

in claim 1, wherein the material comprises fluorescent quenching polymer(s).

4. The detector card for recording exposure to the item of interest as recited
in claim 1, wherein the material is formed with a detection polymer(s) and a conducting

polymer(s).

5. The detector card for recording exposure to the item of interest as recited
in claim 1, wherein the material comprises a plurality of layers conjunctively formed with

detection polymer(s) and conductive polymer(s).

6. The detector card for recording exposure to the item of interest as recited
in claim 1, wherein the material comprises a plurality of layers of an amalgamated polymer

formed with a detection polymer(s) and a conductive polymer(s).
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inclaiml, wherein the material conprises a plurality of |ayers
conjunctively formed with a detection polyner(s), a conductive

pol ymer and nanot echnol ogy. 8. The detector card for
recordi ng exposure to the itemof interest as recited in claiml1,
wherein the material conprises a plurality of layers of an

amal gamat ed pol ynmer fornmed with a detection polyner(s), a conductive
pol ynmer (s) and nanot eThydsteagy cadithi leadrtiag exposure to the item of9ntetddeas recited
detector card for recordi ng exposure tqo the itemqof interest as

reci t ed FANE]arherein tefwn%%i@? comprises e ghurality pElaygp pompnctivelyfosmed Witvam ¢ o
the medkfetion polymer(s), a conditivd B@i?'ﬁil@f SitBhoe@ndide9r recording exposure
to the itemof ‘interest as recited in claiml, further conprising a
second material that reacts when exposed to a second item of _
interest, wherei# thelkadstacrasid fer leeurimgerposyestte she item efiateswsbaiacited
mat er i asq I - . . . .
Fecor dihg % LoRRFe s ppterisl compries p bfustlUpe BE T B B wfifblind Plpotyper
wher ei forirted withtzedetation polymar(t)l ¥ eordoctivegiobmea@) andondnbetloglayyeombotatior.
radi ati on, and/or an expl osi ve. 12. The detector card

f di to.t it f int t it ' | ai ,
wheroin o State B tnEr e s r o BRERaHE dton Sty el

unai degh EILFRID, v3)ELein the material is appliddin ahhigk fehes tiRm&rs.d for recording
exposure to the itemof interest as recited in claim1, wherein the

detector card is w reless smartcard. . 14. The detect.or
card for recordi h@ ext%%fﬁf@tql'ﬁaﬁdﬁgl' TePQRIngEXPosEy R dhe igm ?‘g‘eiefeéb"‘% rgcited

cl ai m I cMRet ghAndrREmPBLRE h Hcoh@hfdtekit] RalGORkPTEeneXPbLc8 S §second item of
15. The detector card for recording exposure to the itemof interest

as reciintei@sti wheypiaithg dlectfonia dispit ¢ ¢o% Iirike secorut meteypalthingiteagtedls t he
material in sensing the itemof interest. 16. A

detection media fpr r ?Eé)%é{'écgtgc F%BxsxléE&-dﬁm%tegﬁoshFeetH‘tl?J itdn Db &dst ad 1B&ited

det ecti on nedi a conmi si ng: nedia;, an a na for sending exposure

i nf or ment ¢leim 1, ehepomere rsoeniad és @bctiveas s clranitdl ad biglogmwenpdumd, raliatos] and/or
usi ng induthon; an electronic circuit enbedded in the
nedi a, *M& &Nt he el ectronic circuit is wirel essly readabl e; and

12.  The detector card for recording exposure to the item of interest as recited

in claim 1, wherein a state of the material after reaction is not visible to the unaided human eye.

13.  The detector card for recording exposure to the item of interest as recited

in claim 1, wherein the detector card is a wireless smartcard.

14.  The detector card for recording exposure to the item of interest as recited

in claim 1, wherein the detector card is a contact smartcard.

15.  The detector card for recording exposure to the item of interest as recited

in claim 1, further comprising a battery that aids the material in sensing the item of interest.

16. A detection media for recording exposure to an item of interest, the
detection media comprising:
a media;

an antenna for sending exposure information;
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a sensor that reacts when exposed to the itemof interest, wherein
the electronic circuit can determine if the sensor has reacted and
rel ay exposure information. 17. The detection nedia for
recordi ng exposure to the itemof interest as recited in claim 16,
wherein the power source conprises a coil that inductively couples
power to the electronic circuit. 18. The detection nedia
for recordi ng exppswuereotioe ttleast patinlhf pawitral estlesty usey ihddtiom; cl ai m

16, wherein the sensor includes, a pol r that transitions.to . .

Qi fferent otate GHARBRicCe EobRET i BRmsly HhurBdRe detid dreuits 1o
The det\,‘%lejsg?réggg;@, 4n@r recording exposure to the itemof interest as
recited in claim16, wherein the sensor is powered when sensing for
the item of int esgsgpor that reacts when expgped fhike gamed inteygstnwhgrainftg electronic
recor .d'cﬂ%lﬁ?&%ﬂ%%féﬁﬁm%?fthQEen's&-% 9Jacl!e@5§4 Fe?eh' APoduf i E‘o%iti claim 16,
wher ei n e sensor conprises a nmateria at ‘reacts wthout requiring
power to the sensor. 21. The detection nedia for

recordi ng exposutd t olddetictiemmefiaifot recading aspaserite ot ifem ef injerpst®,

T O 16 AR SR GRS L VLR B e

exposufie di@tubhe cit@m of interest as recited in claim16, wherein the
antenna i s enbedded in the nedia. 23. A nethod for
detecting itens interest with a detection nedia, the nethod

i ncludi ng steps g’% st%‘?%“@&ﬁ’ﬁg’ﬁrf%" EEPTERS ISFRATG _Fl?ﬁl?ﬂl’é%ﬁmttetf’sﬁseat e
eXPOS Uh&ited {OdUTR | ) RihehPtht Q&s&hﬁciﬁ&@%ﬁiﬁlﬁnérﬁﬂe@ kiaRdifi @3 ito different state when
powering an electronic circuit of the detection media without a wired

power swRasedtoibe Hgnichtieston; and wirel essly reading the exposure
information fromthe detection nedia. 24. The net hod for

detecting itenms @§ inpgl @e‘féctiwl hRatalt6r 1@9&1‘3&1 iSeQ%sst gb theltend @iclh{e%t gisn

claim 23, wherein the storing step conpris p of storing wth a
react i vesitpdingieim 16, wherein the sens@5is pFwercdwthho senfing foigheterh nfinttrests of
interest with the detection nedia as recited in claim23, wherein the

storing step co i se f «Storing . .wt L
26, The met hod 1o dotedqrach PsdlBHeR e ey Rk U SRRk
medi a asiteédd dlaeh 16) whkainh2 Scnswhenhgirided hasanshangestsepitiont pquiiing peder
wi t hout yse of any power fromthe detection nedia.

to the sensor.
21.  The detection media for recording exposure to the item of interest as
recited in claim 16, wherein the power source comprises a battery that couples power to the

SCN80r.

22.  The detection media for recording exposure to the item of interest as

recited in claim 16, wherein the antenna is embedded in the media.

23. A method for detecting items of interest with a detection media, the
method including steps of:

sensing exposure to an item of interest to create exposure information;

storing the exposure information,

powering an electronic circuit of the detection media without a wired power

source using induction; and
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27. The nethod for detecting itens of interest with the detection
media as recited in claim23, wherein the sensing step uses a battery
power source. 28. The nethod for detecting itens of
interest with the detection nedia as recited in claim23, wherein the
powering step conprises a step of receiving energy inductively.

29. The nethod for detecting itens of interest with the detection
medi a as recit edwirdesslyaienliddthewhpssarennfdm@atowiesh tig: dteeporcorpinl ses a
step of receiving energy froma battery.

24.  The method for detecting items of interest with the detection media as

recited in claim 23, wherein the storing step comprises a step of storing with a reactive polymer.

25.  The method for detecting items of interest with the detection media as

recited in claim 23, wherein the storing step comprises a step of storing with electronic memory.

26.  The method for detecting items of interest with the detection media as
recited in claim 23, wherein the sensing step is performed without use of any power from the

detection media.

27. The method for detecting items of interest with the detection media as

recited in claim 23, wherein the sensing step uses a battery power source.

28.  The method for detecting items of interest with the detection media as

recited in claim 23, wherein the powering step comprises a step of receiving energy inductively.

29.  The method for detecting items of interest with the detection media as
recited in claim 23, wherein the powering step comprises a step of receiving energy from a

battery.
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