M CROSTRUCTURED TI ME DEPENDENT | NDI CATORS FI ELD OF THE
I NVENTI ON The present invention provides tine
wdepmwrndasd i ndi cators including but not |imtedCT®P2005/010738
timers and tine/tenperature indicators. BACKGROUND OF
THE | NVENTI ON One sinple way of providing an
i ndi cation of when the useful life of a perishable
product has expired is to mark each product with a
suggested date by which that product should be used.
However, there is a shortcomng in this nethod in that
t he act ugicresTRIUCTIRED TINVG DEPENIENT ONDECATORS
dependent on the tenperature history to which the
product is exposed because the rate of degradation of

a perishabl e produ ﬁﬁﬂmnth i ncreasi ng
tenperature. I n ot vvords a perl shabl e product wl |
general ly have a shorter remai ni ng usef ul Iife V\hen '

exposed to a certain period at a relatively
The presepbinyenien proyiloRHEne dssaden ingicine %15}?@1%1?‘#d}ﬂ>t dmited to timers

and tlH%/t%lg&%‘b%e n%\{\éaiti&gper ature. More broadly, the rate of

a particul ar property or characteristic of
any naterlal or product may increase with increasing

t enper at ure. Therefore dﬁ%ﬁ&iﬁmﬁwth a "use
by" date nust bBAGALER Oyﬁ%%}% t he
antici pated thernmal exposure of the particul ar

product. However, the actual exposure cannot always be
One gimeth whedf provahmg eolindichtiohexfi vehentibe neadl liforofa perishable product has

ot} {5 SBELE U o 53 Sl 3B 5L i 0 o g e s

How%*é? htcljl BfOR! § RRortdPRhE GRlthQNRethd ih tHR thDGcAT QE&FulTBIe BE perishable
I Vi Into two broad categories. The first categor

productscis Ld¢psndentren itredfeopemtere thistoryrte aghiele theoprodindtyis pxm@eg because the

TR RPN R S ——
othera@@f?igph'p%ﬁﬁl‘ijab@é’ phaNeNGilt Renéati e h@ffe ahetoaer edmdihi@g useful life when
indicator increase with tenperature according to a

expospdstior @ dertaim period at Sowkativelythiph déraparaitse thaguvhen expesed to the same

periof o 5BV e B i or® BREREDE I G et e property

or cERRItbINHRUST YankyO nialsag &St Ffbdh@myaﬁwr&se Twith inyfasiaf temperature.
time indicator is typically referred to as a

Therefprménqr@mgear Bragdpet FHHicc arOI0Y Fhie BEEORRID ewd fopspumptions about the
antlcipﬁpeld n‘r%l?ﬁna?n Qu% %‘f{ The E)Llﬁ%ul'ap gkgﬁ%%ﬁow&ei‘mﬂh gxchﬁf expsosure cannot

sens IVIt rs*-mnkm e tin€ indi cator

alwaymei(prwﬁf&:dl dr Ié@nt@ollddl;fﬁ@ice e, negtl fongtimeverapahturarhidcataron
of time

In the art, timers and time-temperature indicators are suggested to overcome such problems.

Applications for time indicators may be divided into two broad categories. The first category
includes time indicators that measure not only time, but take into account the actual cumrﬂative ‘
thermal exposure of the product. This objective is accomplished by having the rate of change of
the indicator increase with temperature according to a desired function. Some such indicators
require the attainment of a threshold temperature, below which the indicator does not change.
Others respond more continuously to changes in temperature. This type of time indicator is

typically referred to as a "time-temperature indicator."



10

15

20

25

30

el apsed. This type of time indicator is frequently
referred to as a "tinmer." Tiners and tine-tenperature
WO naioo3t660 s ar e known whi ch operate by chem caPCT/EP2005/010738
reacti on nechani sns, diffusidon nmechani sns, and
capil lary-driven fluid w cking nmechani sns. For a
di scussi on of several types of indicators, reference
The ée%oﬁ@geﬁeg& @Fﬁpﬂlﬁbﬁﬂon]sqmﬁ@@s, timé Dl ddrk Mg whehi B€ ShermbiNsensitivity is
cl opedi a of Packagi ng. Technol ogy ,
numm@z@cdﬂ}m (1@@ hmglavmp@w@kggu@ 11k_|§>gzgg§neprpp¢~mg1\gﬁg a visual indication of time
elapsg n'fl?.l% §rtp| BF 1&%&%%10&8’% ﬁ% %ﬁgntgrr%felﬁ%ﬁftg Ias lilntll?lﬁly .atr Ihgt y of
useful I|fe of perlshable items. Such perlshable itens
include, but are not |imted to, foods, food additives
Timegs cda§gSpmperariec BUGHOE i knavar Vaich, ORfTts DY chemmical reaction

meckﬁﬁ%ﬁﬁt 'd?f?usuﬁpgf g%rf}ﬁﬁé Ca rl%lugagJ#Iﬁ?? 2drfFBY fﬁﬁ&%l@ﬁﬁlg he@Bnisms. For a

I'cators wo SO 'beé us to nonitor ti
discisbiapoEdevonal tgpei ofaindioatory) refereard &t yadd taPpe Lyat iJomson, "Indicating
that do not .
Deviggse i khe Wilgy s pedianof Packaging lee A 6&&?@@@}1}2 Wiley & Sons,

1986SXPpi ration. Time |nd|cators could al so be useful as
em nders that a certain task and/or item needs to be
repl aced, conpleted or renewed. Time indicators could

. al sg be used in novelty itens ani
Time) $hg e FREET S C il (S neeihan Yo gy R oiphicadts such as, for
exa @%&ﬁio%ngfﬂfé RELr@ 10 OF Q)%Mﬁétﬁelﬁrt&ﬁ’s S‘ﬂblﬁ ?@ﬁ‘sliab@t items include, but are
efines a plurality of Channels; and a fluid that is

not lgew m é@bdﬁr @ndtaﬁélt@gbsuqhms@sgmame émlpgda@h ropfels frags, cosmetics,

art|
phoc@izeni Rubic: aah et Bni 0P 4t 85 P Sy ik HEAPASTo monitor cime
elapdelankdl dxipitatiéd h atvakieassdr sgiRamdnst thet éhaonalvelwef pdris@able items. For
substrate to activate the article; and wherein the
exanyle, sePuity ba‘éﬁﬂ§|cgh]édlab’9 apmmé@amﬁ o Farle aXniEHOBT Limpeeindicators could

rogr t
s B SOEF 3 S s kBl SuThE A BB B g comleed o
renewsd.dﬁﬁieﬁﬁkﬁbﬁoﬁ@ohm\/ﬂsd bemsed itindelt-iteaspad homies pieces. :

i ndi cators that enable autonmatic and/or renote

tracking and interrogation of the indicator. This type
WO m/%%gh Gald 'beé"@l? Iaﬁlci)eeth% et fgnée@ ar@l YrAP Hb\hﬁgta' RdfostBEtured surface

I'me and amaalﬂelnlcmom re

that clefinesnh | pluralipl of etianrmsr tand ud mq/ thdten separaisdd@slinr thb| smbstrate until

to be abhle to record, at each transa 0|nt
activaggy sqf thechricl, 1t Hesiadme™ el et o S Ened, s Jhpe it can be
mang)tu ﬁ)vv&bt&ﬁﬁac? Ilégltﬁﬂﬁi]‘anwﬁﬁ‘ 8t RAE36RE df AYE M Ana8ls MAShe substrate to

activate the art101e and wherein the article is designed to provide an indication of the progress

of the fluid as it migrates through the channels of the substrate.
SUMMARY OF THE INVENTION

It is desirable to have time and time-temperature indicators that enable automatic and/or remote
tracking and interrogation of the indicator. This type of indicator would be useful in many
applications for which time and time-temperature indicators are currently employed,

particularly when it is desirable to be able to record, at each transaction point in a logistics
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The articles of the invention preferably also have a
hi gh 1 evel of accuracy and are easy to read. They are
wab®e/opioad er abl y sel f-contai ned and pref er abl yPEi/ER405/010738
for activation upon demand.3 By appropriate sel ection
chaithd B8e ol Wdmbt @;{{B_@JL b4 GERSh] hMR Hekn k@djalibd &R present invention
tenperature 1 nserisitive, for exanple) the article may
has Heemnotadewjithftiis iexampl e, as a tine/tenperature indicator
or atimer. The article is preferably capabl e of
providing a highly accurate readout on progress and
The Sf€repoFf fle iHAIRIOAPAGEIAB: aldd BRI £HER levieNVRRICUARY and are easy to read.
provides an article conprising: a substrate; a fluid
Theysap aist praferadmselficoriainsd read orefaably albaw Jen acsivaigen ppen demand. By

oope e Sl EPEBL BB RS b e SRIbAR oD RRERL g nsensivve o
exanlONHe GRict HPSidcabE fof exanifit Sasdepapeenier@ire indRaF o8 timer. The
_time and tenperature, said article being adapted for i
articlgrip refetablyacapebls »f sE0ading g BiBhly ascwater jeaggut on progress and end-point

teristic, said variability being in
dmﬁ%@ﬁ%@%bondence with the progress of the fluid as it
m grates along the substrate. Preferably, the
neasur abl e vari abl e characteristic is capacibfnge,
The Rreaemlrin¥RINQnOTPViAES an gHiFlG FORBITiAg e St ariyid sppagated from the

subsiB %Eiﬁ%&iﬁﬁg? Af ML PRl é'nléﬁfek' hed gﬁﬂr foasBtdch e dBLIRESthe substrate
a pluraltty o I

channel's, the said variability being in
being suchahpahel énidecaninilgratdalopg sgjd eslsstafe dthgafel dgpendest o time or on time

m grates along the channels. According to a first . .
and SR e oGt SRR PBE GHEPYAERATBROTENS PPl gpriable clectica
char{di§isRE ESRAvatANER} beAol M ENREpGRIFAES S8 PheCHRPRES iof &he fluid as it

l'ayer 1ocat ed adjaceng to the surface of the substrate
migraes hipngaht avtsteteh Praferablyl, tiedmessuiablerigyiableshahasergstictie capacitance,

substrate. It.,is preferred in this enbodi nent that the
amﬂ?q%ﬁﬂuggmg’@B%ﬂﬁ@ﬁ?%%/eIectrolytic fluid and forms

part of a resistor/power source for which the
conductive layer provides one el ectrode, whereby the
Preferablystharsobstiste hisen mégsp-stroetuend surlace Blat aefenesfa plwalipote¢hannels, the

i YEHYEh U HRBL g PR BHGB s ton

chanakleng the substrate. According to a first alternative
aspect of the first enbodi ment, the conductive | ayer
al so provides the counter-el ectrode of the

i.stor . ' . :
e e e
furttRee Icbinpfises &aohdwftivatibydy Joosted adjreeraftot the sakfact ddbs substrate to be

contacted by the fluid as it migrates along the substrate.

It is preferred in this embodiment that the fluid is a conductive/electrolytic fluid and forms part
of a resistor/power source for which the conductive layer provides one electrode, whereby the
resistance of the resistor or the voltage of the power source or the deliverable current of the

power source varies with the progress of the fluid as it migrates along the substrate.

According to a first alternative aspect of the first embodiment, the conductive layer also

provides the counter-electrode of the resistor/power source. Preferably, the conductive layer is
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According to a second alternative aspect of the first
enbodi nent, the fluid is again a
w@ewdustedwe/ el ectrol ytic fluid and forns part BET/BP2005/010738
resi stor/ power source for which the conductive |ayer
rovi des one el ectrode, ere t he resistance,
pattegned, B, Pro}ids, g CRFALS: W%@eaaﬁ %/H’%B%rea %d’?c‘é’g\?gr@é@s one of the
clectddel the progress of the fluid as it mgrates al ong
t he substrate. The conductive |ayer provides the
counter-el ectrode of the resistor/pomer source, and

nductive laver. i s t Vi Lo .
Acaﬁaﬂﬁa ?ys%?n 6H%¥Q&V%fgg?%o es aé%%c%gg(%ggngﬂh? fwid is again a
cond@ﬂt@v#él@&idlﬁ%uﬂf&ﬁd @(ﬁmtpﬁft ¢Fla8etisgpswar Sbuﬁferfaﬂ@ﬁd:httbe conductive

be contacted successi vel y the fluid as it magra
layerapigiiisles inge slgsirodatveherehy {mu 1§SiglapRes t CyFent ﬁiéwmge%a@ﬁblhty of thepower
sourée yaef{etslvs} the&?fo%@gé gptlthg (‘? ?ﬁtlﬂ\;‘r?[{:é &105@ tl%esdf)@@ig.r ’?ﬁle conductive
iI's resistanc nduc Y, age.

layerPprioeidea thes edunterataniode g thoradistdripotienkbiacs) adndvibe aspidative layer is
of the first enbodinent, again, the fluid is a

pattegisdiocpiovidees ahaliy wEicountetiFlactaodes rassariatesh Mithghhe pne electrode. The
R PRVEABRHTS e b 6y
Countieq%\h/ei%d’gs S'g‘{r%e efl@%tH rt (gge R er e%{/&%sjl%{é]e esi st angd; 3 %éltees along the
subsﬁrﬁtet he resistor/power source varies with the pr ogr ess
of the fluid as it mgrates along the substrate. In
this alternative aspect of the first enbodi nent of the
In th! SpEQLof tﬁe’ %ngblﬁrlnvedﬁ%nsﬂhg%ﬁ%@ CHAABEH SRStoPePinkkisdbdd! % resistance,
of channels. The article conprises a conductive
condoo@viiyngr goltdgee bottom area only of at |east sone of
said channels to provide the counter-el ectrode of the
resi stor/ power source. Wth this additional conductive
AltefiRal19%accoRBBL tol AMEE dlSriaddé hipRbRdf e firdiRaHoaRRI®, again, the fluid is
characteristic. Preferably, inthis third alternative
a candpefitiefdentrolytive flosh@né t fovms | payleof | & rputtewpeiees s@uce for which the
condglsmﬁ g er PI%V?JG% é)n% X% c&oﬁé e\?ﬁer?ogfe%eegt%s;i?téhcgetr/\?ogtﬁé@ é? tﬁ@ﬁemstor/power
sour€OMras tviicth 5dGeessds\wliie Hyidtddt iigih@s aBnp theduls@itesin this alternative
al ong the channel s of the substrate. According to .a
aspegioelr the Tipt eRbrdimewt ofsthe Presght nKentiony the WhHEHF fRmprisesireplurality of
chan,rnelléI ﬁjhe %tl?l%%'f)ﬂlg?lsgsoap tY\%/ c%laﬁﬁ of Inetdofiofd V\#eéj%ﬁ? df at least some of
resis o pomer source for he
said ebmdmsttb\peodme/ere dotumei-elestrateenfeherisistuapoweh sovetry Witle this additional
resi stance/ vol tage of the resistor/power source. vari

condictiie £PRINGr GAEKANCETS pHdItipRlivR meapfte GhapeiEnsic géfgfably, in this
third Qﬁe&gtgvc‘éa f %dm?é?l? BRNARLYR ¢ egfla' 150 't gat ‘Joegﬂ)%giet ® plurality of

provi urality of counter-e¢lect es assocl at ed
electnddds astreidal dithrke edvmtdrredebérode, which electrodes are arranged to be contacted

successively by the fluid as it migrates along the channels of the substrate.

According to a fourth alternative aspect of the first embodiment, the fluid is again a
conductive/electrolytic fluid and forms part of a resistor/power source for which the conductive
layer provides one electrode, whereby the resistance/voltage of the resistor/power source varies
with the progress of the fluid as it migrates along the substrate. The conductive coating is
patterned to provide a plurality of counter-electrodes associated with the said one electrode,

which counter-electrodes are arranged to be contacted successively by the fluid as it migrates
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whi ch counter-el ectrodes are arranged to be contacted
successively by the fluid as it mgratesthrough the
W@ bh@ansle30 of t he substrate. In this alternati VRCT/EP2005/010738
capaci tance is an additiona neasurable variable
through el tE@neRNaf aké efubstdte. I nhBcamrdanes Nphditadicsasaid additional
enbodi nent of the present invention, the article of
measpwélqovaé@b}q:telttqﬁtwhpliwé&pt@‘sstl@r oadly defined above
additionally conprises an insulating |ayer |ocated
adj acent to the substrate to be contacted by the fluid
In ac@Srdiahcarivithad &oad @ffotlineens i she pteeentanvbrmoﬁpmémtld:hi ef the present
| ayer adjacent to the insulating | ayer on th )
invengjogeasttieaddp etingdeahons ﬁ@dltlenetltr OSBRI PR aﬂflaia cgted adjacent
to thep Etﬁjsﬁﬁt%%% cﬁnt\%ﬁtgﬂ %Er d fibiQ o f‘tnﬁ%@t@ alfoﬁ e Rﬁ%ﬁat@fanﬁ a conductive
citor e conduct i aye provrdes one
layer&tldj}ﬁ;étlitad ¢he 1M1&atetgy1aydfre>nah@amet dde theafof t he capacitor
varies with the progress of the fluid as it mgrates
al ong t he substrate Thus, capacitance is a neasurable
Lapl I
Accof@he 251 SLRGHEER RMARATHEIKEA] & ¢ ASOBEEITIA Und foms prt of &
capacigmdocyhick theagapduetivedayr puidés ankelastrodt, avhesthyche oapacitance of the

af the. ca or. Mor e a t he cond ctive
capagigy PoieS Bt 1B WBSES 5F 007 At Leplriien Ang MR substrate. Thus
capatiheé seanetuR®ld v RRsle e@@@ﬁba@ﬁhé&@dt@ﬂﬂstﬂ%or”ﬁ one of the
el ectrodes. According to a second aspect of the second
enbodi nent of the present i nvention, again, the fluid
ef erabI d|eIec I a t
e Bhaneb s BB PR B ol mver o
provﬂ%@Qhé Q@ﬁntef Blet:ﬂﬁd)c& SEGRN d:aﬁ@:ﬁl@ﬁt Motré’l @réfeﬁdl.y;tthv econdy®ive layer is
Is patterned to provide a plurality of
pattegiedntce prasidec (W0 deBaalss deteHeavgd v Honsh ecagh ofewbich fog@s one of the
dedﬁ%!gh counter electrodes are arranged to be contacted
succeSS|ver by the fluid as it mgrates along the
substrate. As the fluid mgrates along the substrate

the capacitor el ectrode surface i.ncreases whic
Accarging, 10\ $9CoRh aRess B thresee%hemba%@nbp thtepreafﬁéétr‘teatm again, the

ﬂutdﬁjfréfgﬁa%ﬂl is\&li ecti:ir‘g‘ﬂgﬁ il %1?1 ?ﬁ[ré b6 da cﬁfnefoﬁr &diashe %nductlve layer

econ prese I nvent1on,
proviieh She aleztroderpini théssseaopd tasmlcl tthe orbndmamen éysy 1$pattdrlhm1 to provide a
P e S0P SRR e BRSO 2 P Sectrodes e
arrarf@RAC b %nta&é@gu%ﬁ@slgfv}élzy H}htﬁe ?lﬁﬂijé:b% hﬂﬁaﬂe@ﬂfﬁhé k% substrate. As the fluid
atterned to provid lurality of electro

nugraes cdoregt & sibistrateh dles aapacxt@udpetrocel strfacgdecrems ophich, in turn, will
eﬁﬁrodes are range g to be contacted successively
incr ga?acgalaceaﬁe capacitor.

Alternatively, according to a third preferred aspect of the second embodiment of the present
invention, the substrate comprises a plurality of channels, and the article further comprises a
conductive coating on the channels to provide the counter-electrode of the capacitor. Preferably,
the conductive layer is patterned to provide a plurality of electrodes associated with the said
counter-electrode, which electrodes are arranged to be contacted successively by the fluid as it

migrates along the channels of the substrate.
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m grates al ong the channels of the substrate. Further
alternatively, according to a fourth aspect of the
WQe@sesite36 nventi on, again, the fluid preferabl pCT/BP205/010738
dielectric fluid and forms art of a capacitor for
Furtt\lgg'a'ftgmtaﬁgelg,og&ld%ié% % laa%ﬁftl['l parsﬁé’c't FSho @?es@h@ﬁfvéﬁ’t%, again, the fluid
reover, again, e article fTurther conprises a
prefecairigluc bididectcatfiuid aod foines piranfial saphatqoriovivdect tie conductive layer
counter-el ectrode of the capacitqr.. Furthernore, {he )
Droviggh A P s MATH T /2B 18 HGEl LOF - GOTREISE Ry coating on
the @hnfQUH Z}fo'v%e_e e’ QHRRr 2R2A6HALE GhMchfhcltBe MRermore, the conductive
el ectrode, which counter-electrodes ‘are arranged to be
coatipgnit gutteched uc pwidech yplbsalithef f dounter-gkecirpdesi grsatigled with the one
along. the substrate As an alterpative to the . . .
ctectfie Sl GoRtigtEdtaiondth Aot P catifaies sebfosiiaht b the fluid as i
migrite§ AIBhPeheuBdtii@l ity of channels, other suitable
substrates including porous materials, wick materials
and absorptive materials are used according to al

s i GREHGH. IR BR0LR, 00 ARRERLG 3 whOBBARRRY gutice actning «

pluradiBp YL cltenels] bgdr fdifable ubetr@ey BdlU@MROFHroBY tnatdrialshevick materials and
present invention could be a wick material adjacent to

absorpiige awtedinds 410 asedhgasprding te 4lpreferred webodizaentaand aspedts phthe present

. - ' i | ' .

e, POEN A0S 44 06828 500 DA TRL AU o) oo

the pe&sat inhenticardoahl Be 6 Retlaodagdrlad hijacdnd td ehenmaducted lager. Similarly, the

conductivity, the quality of the neasure t is not ) )
subsiggip stsgthtih df AP Y- fgper et Serpnd EPRITER O 08 & iCl: Jggerial being

adjaefP3G! ﬁl@nﬁﬁuf-aﬁné rlgycge JRUEAR! ﬁlgv?éﬂiaﬁ’é CHafbRIASH S thSbd Cmeasured is
a mcro-structured substrate defining a plurality of
condattivityeltise igsaljty effehe exbaaseinenipisonotdmbstantiadlygmfluemmetidgt the material

TN NIRRT
definfi®d ﬁfﬂu@&lit? RechPpediie ﬁférfédlcasfi behidBas 1dr@e@niRt &4 86mpared to, for

such that”the dielectric fluid mgrates through the _
exanvilg le wigk emdtetiialaln case of & abitlemateriel, thecambinaigpn of the wick material and

di nen and, aspect he article of fh rese .
e Eaie M Bor pe Seae g piscoBabler i SePs Abag R dhroven e wick
mateBaPMiadQdapeager abl e vari abl e el ectri cal
characteristic. Preferably, the processor is

operatively connected to a radi o-frequency device. In

t he caontext.of. th resent. i pvent.i.qQn he . .
e KB B LB AR, B pgenton comprss o
proc€kSui i préudksieX aEdprovided atiadurhible by elt@wi@e thareaasstia. Preferably,

devi ce .that uses antenna inpedance nodul ation for
the progesiois PRmat el Innested IpaEuslic Eegupnen 4aviee 1aihaeantsys of the present

invex?t%ﬁ? WP erf ‘sr%i%qpéqﬁe&)&ami&”irﬁe&@sa‘ﬁg/i Pffle RFID device. For example,

“radio-frequency device” means a device that uses antenna impedance modulation for
information flow from a passive antenna to an active antenna. A suitable example is described
in the publication AN680 “Passive RFID Basics” issued by Microchip Technologies Inc. of
Chandler, AZ 85224-6199, U.S.A. Preferably, an RFID IC is used in the article of the present
invention to provide an interrogation of the indicator via the RFID communication protocol.
RFID devices are available, for example, from Philips (e.g., “Icode”), or Texas Instruments

(e.g., “Tag-It”).
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in the publication AN680 "Passive RFID Basics" issued
by M crochi p Technol ogies I nc. of Chandler, AZ
w@apg43si®9, U.S. A Preferably, an RFID I C i s PGEHEP1005/010738
the article of the present 17nvention to provide an
Theiefdre/ the @@ésb@tﬁn@éntidﬁ%léd@ic@ﬂig@fseé’ kandth&l B hbhitoring the exposure of an
. conmuni cation_protocol. RFID devices are avail ab% e,
artigley fo avbighy Pk indipyes Bhpltgched,(eomprising thedtens, ofra) Tegdisg a measurable
. t S e Tag-Lt Y L Ther resent.. )
v e RN kB TAOU o O S5, 115 DERE D e
processpgstheeread neaswnlle clagiatle eldeirtval aRarhdtekigt Orprogide an article-specific
attached, conprising the steps of: a) reading a
CXPGre fegisiari abl e el ectrical characteristic provided
by the indicator upon being activated; and b)
processing the read neasurabl e vari able el ectrical
Prefethblyaeschrilugd iscseteotedrfoon de goupedrissling speiscdus dlugdsy o8 tsdastic fluids,
dchaﬁgcteriﬁtic Preferably, each fluid is sel ected
and ¢qrrbinatipns IBIERf- consi sting of viscous fl uids,
vi scoel astic fluids, and conbinations thereof. In a
preferred article of the invention, the article is
In ageefegeddrtislee bl theanverttionethesardds entlesgried suoh It kbere ioEssentially no
fluid(s) fromihe articl rior to qr subsequent to
leak%t‘%fgé‘t“%(@nﬁ"%ﬁ? il rios oS PragaShtio aRRYART: ¢ he f1 ui d
has a fluid flow front (as defined below) as it
m grates through the substrate and each fluid front
In thegriigle pbHhei igvetione hedluid has s fluisafiovwnt (B definedbelow) as it migrates
efer . . and ref.erabl
tro R R e SR AR R 2, BHERBLY B ol 5 mom, more

prefaablly ¢dse tied dbbet 3 ing nRihd Giust PleeMatly Ydss tah abogti ICaki.on 1S
al so required of the progress of the fluid as it
m grates through the substrate, the substrate may be
. [ 9r of . oj P [ S .
in s EBSGAEES LY BECCRY IR ALORT 088 £ SR B i o
the sodrstsrafttiee fibidcayriesigrives thedughrtad hehstrate £ths Yhisdtagd Bay be retroreflective
idis, separated fromthe substrate

Preferably, the f| .
Whefﬁby 4hh Baeress c{al erh Tigid i migREteT Along ORPETOSH.SORRSCLiVely, the substrate

obscBRS i firoMiRE G hubfigarDar i er can subsequently be
mani pul ated to all ow contact of the fluid with the

substrate. It is further preferred that the article

further conprises covering which sufficiently L
Prefiglyo g L NcisBaRIed Eom rrosBsiie BY o BefeFTCHRBL fpiagiop f the article s
desirdll] WHerbinahé bbiirflr cAPQbsBRlchi 7bb Ahniuldbe tRL1IdvE béntadtQf the fluid with

m grate through the substrate, but not to
the sgbtiefeant i al |y escape fromthe article, wherein at

| east a portion

It is further preferred that the article further comprises a covering which sufficiently encases the
substrate, the barrier, and the fluid to allow the fluid, upon activation of the article, to migrate
through the substrate, but not to substantially escape from the article, wherein at least a portion
of the covering is sufficiently transparent and wherein the colouring and levels 6f transparency
of the covering, substrate and fluid are selected to allow an observer to view the fluid with the

unaided eye as the fluid migrates along or across, respectively the substrate.
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of the covering is sufficiently transparent and
wherein the colouring and | evel s of transparency of
W0 b@eodmar i ng, substrate and fluid are sel ect eBCT/BP2005/010738
all ow an observer to view the fluid with the unai ded
In anb¥er 2156’[”51{%% duhbdfn St Y ah G ONde %veﬁﬁ&?ﬁaswng a cover, the cover further
respectively the substrate.ln another preferred
commtnbs)dlsnzﬂmwhuﬂl Jarpoantmncxl en afpottivm ¢frthe wovasrihioagh m\g]nfeh the progress of

coyv cover rther co es
the EGL IOV oGRS VB SToMRdn L5 reoRiE BELR T BR%: he
progress of the fluid fl ow nmay be viewed and whi ch
extends in the direction of the fluid flow. In another
In arsfizo dinbediment of te aticlecifshoinvenieon, e prticlsnfurthprecomprises indicia on
arti.cl.e furt es..l;ndi cia on the cover
thecPﬁﬁﬂ‘% tﬁﬁ*ﬁ%WPaspgg?ﬁ$§F¥ﬂ%he article. In another
enbodi ment of the article of the invention having a
cover, the cover conprises two pieces of tape joined
rtoéi@ten@pdwt: pf thecadde Ohéhesgpitioathavingd ’%QY@faftb‘a p@yer comprises two
piecgf e i ipealiRbuRleR Sfio diB;irte WAMBRRAE Hncrein th firtpicce of
tape t@ﬁﬁpa&fmﬂ dpgleisided adhwi)sl’eﬁlﬁpcdadi wHifresr the sécapé pieck ef &ipa is a double-

the single-sided adhesive tape i.s positioned such that
sided @@ew@garp@ gheypin; e Smelsusiend 40hgsige B 1HBON@EEGch that the progress
of th{el'}?d'vwo? “ﬂl‘aycgpanaﬂéj vmﬁeth&e{h?&giﬂdﬁﬁsxlvﬂgreﬁo@E eﬁh@ﬁ\‘;@cd&ted side of the
e-sided tape 1's positioned toward the fluid
smglamﬂieﬂhepesuqmsrtamed tdharddbeltflugd sndde sﬂbhtem thtt dp@le -sided adhesive

forns. the bottomof th co
tape FoTEBt B T R SREDeaigse e o by a0t SiFE adiesive tape faces
the Bgre{té]eanﬁgﬁg%bg 1@%@&1%? sidk dewhicaf ra)p?l@l'ﬂe\lBiplQé ecRkdd/ by a release
e covere release liner - can be used’to attach
linert-hendetused ® attraclathel artgete toparbigcermtmbe moeidoredhe substrat es
useful in the articles of the invention nay have
various optical properties including, but not Iimted
The ts@bstafRS&efift| BCHRAatiERN dfhBe Ah@dHRiod ONaY Hav®O/adibus optical properties
retroreflectivity, diffractive properties, diffusive
1n01q§1nrtgod:ut inog linzited r@arth@sm sellgstask fram thst grewp | Gpasisting of retroreflectivity,

i RS, 05RO 5160 EDRIATRUL e heBpener

and the progress of the fluid as it mgrates along the
substrate obscures the optical characteristics of th

e
In owgprefereadesmbrdiment of| the preseHanyenjiens the subiate baspontical characteristics
| wi el ly: S f
and otﬂémprgﬁl%sg olf @lq dﬁ s alrt il C réﬂég f él&%etl nvs%%st?ﬁi@"@&s@ureé Mthe optical
char@@ﬁ’ﬁ)s”ticgﬁfﬂhershlbﬂh&tei.ty of the fluids. In sone
enbodi nents of the invention, the article nmay conprise
a plurality of the substrates. In sone enbodi nents of

An %{Hﬁr& %H eclhgen(f.’if ntn2§' # ?P(uplﬁ‘gg 81 ode i@ bhd 61§ JFR¥uGRARY, FSi€example. In

ur a
some embod1ments the article of the invention may comprise a plurality of the fluids. In some

embodiments of the invention, the article may comprise a plurality of the substrates. In some
embodiments of the article of the invention, the article may comprise a plurality of the fluids

and a plurality of the substrates.
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and a plurality of the substrates. BRI EF DESCRI PTI ON COF
THE DRAWNGS Fig. 1 illustrates a perspective front
WO @e/0sfe3@ timer article or tine tenperature aPCT/EP®OD610738

the invention prior to acti%ation; Fig. 2 illustrates
a cross-sectional view of a first enbodi rent of an
article of the present invention; Fig. 3 illustrates a
cross- sect i onBRIFF BESSIRIBTHRN M TERISRANSMGD an
article of the present invention; Fig. 4 illustrates a
top view of a conductive layer for use in the first or

Fig. BeCangtreed e Gerpedtiveffronh@iepr 65L1inet MvieRtdrathe tengperdiure article of the
illustrates a cross-sectional view of a preferred
aspéb’lenfmnm@t@ﬁ@s\tatl@%odl ment of an article of the

rig 27 Rk S Bt vic s 5! 2h83aheny ofan gpicle o the prosen
SeCQﬁdn@cﬁt}Odl nment of an article of the present

. invention; Fig. 7 illustrates a top view o

Fig. pat {1bisHaies 8 GFFEsiRSa) wWowrofgy secar 9@??@}@6&63? fhgrticls of the present
proYﬂv@ﬁuﬁn plurality of electrodes for use in the first
or second’enbodi nent of the present invention; Fig. 8

Fig. & | | ilatstratees top sicheofbd candriceve fjert foe uet ectheifostl or second embodiment
connfctl on of, a RFID IC and a RF antenna to the
sub&f taPEesgRt PKRDLRRAL j cl e of t he present invention;

Fig. E 195 J{%uhdek H%B@ts%alcﬁlaﬁ Qﬁw b %réfé@é’& pedt SP@E 'ffrbtcembodlment of an
nment of an article of the present | nvention

vvheramcta afdbapiesentceengo measur abl e characteri sti c;
10 illustrates

._and_Fi g. chematic view
Fig. §po ittt Ao th Van L ARTOP e G PERe e SRR Eibodiment of an
| NVeRLOHY Wb B8 iRAALEL | Vity/vol tage is a measurable
characteristic. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Fig. Bub&iustrees ammgmmmfeaspajqul coadeativailangr ob censliictive coating to provide
1 Bl R cloBfte ity Be iR P 478 & Fifed SholfRale? of the present
i nf gxyatib®N based on the migration of a fluid along or
Fig. 8 illustrates a schematic view of the electrical connection of a RFID IC and a RF
antenna to the substrate of the article of the present invention;
Fig.9 illustrates a schematic view of a specific embodiment of an article of the present
invention wherein capacitance is a measurable characteristic; and
Fig. 10 illustrates a schematic view of another specific embodiment of an article of the present

invention wherein conductivity/voltage is a measurable characteristic.
DETAILED DESCRIPTION OF THE INVENTION
Substrates

Substrates useful according to the invention are those known to be suitable for use in time and
time-temperature indicators that provide information based on the migration of a fluid along or
across, respectively, the substrate. Examples of suitable substrates include porous materials,
wick materials and absorptive materials for use in time and time-temperature indicators, such as

those described in US-A-3 243 303; 4 229 813; 4 382 700; 4 408 557. Preferred substrates
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across, respectively, the substrate. Exanpl es of
sui tabl e substrates include porous nmaterials, wck
woraioen3mBe and absorptive materials for use i nPCT/RR208516i10738
time-tenperature indicatord¢ such as those descri bed
usefd&)rhclf‘@'dﬁ'éztozﬂ% F03ntich %%%h@é@haﬁné%ZmZ&Qanﬂctﬁl% sweface, wherein the
referred substratesuseful according to the invention
micrassteudtined sutfacd definas ripdurelityt ofuchnonadsl Sgh fassibsiraip dasp predetermined

the mcro-structured surface def..pe | ural i.t
chan] e v S5 o6 TEGR S 0ad o e B Rl Kpim bouc 1000
micrGRt TRE Tha@y Blap drNRay Bt PaIMtslesidc@adTié dhdhnels thig optionally, be
channels is |l ess than about 1,000 microns. The
formed drome lassentay o6 iprojestionst Piséerably dhe shamsiet gartionhef the substrates of the
. hannel s, ma tiqnall e ] j f
oo PR BR R X9 SRR B8 g ey nsome

emb&iRsht 2daek cRdnnkhRohla R RubAMti a8y i@guicaror i@srdeal ty,anakdfhcent channel.
non-random Preferably the channels are in an arr ag. ) .
In sope eyobrdimanisdeneanes Wida©mayp dhainaaneel ggometries and/or sizes, either
eul Cal Ly i Ll . ¢ ¢ .
wiarfRERTIN AL e 0601 6 01 ch SN Bl Bt e
di ffering channel geonetries and/or sizes, either

w dt hwi se across_the channell ed surfac | engt hwj se . .
The gRfTatch aiselfhARORIER @ §h¢ HEENtiom arestyBGeTud el dirgeles with flexible

| . ' [ -y PRk | e f j : ;
RSP B, LRIAIP JOFTS AORREE HPhERh. Mo LA & o v st
Howatdracbmi-cighl and frigd subdttateshalst mime benakefidt arcoiding do ke invention.
. assocj ated, However, sem -rigid and.rigi d substrates .
LikeRjsgo tagrisles Qo PAERorPitg ST ReIygen R e I drticles of the
invel#trdﬁerﬁ%fglso bbSerAfikiglopsigRf the invention are typically
exi bl e. However, the articles of the invention may
al so be sem-rigid or rigid. The substrate nay or may

not be retrorefl ecti,ve de dji.ng .on the pariicul .
The GAHEERY . SR b oo LR RGl  ePab P b P it embodiment
Exarﬁfal@§tdfaﬁ@$ul| A6A-He@refRtivals@bdites! indidded bup,are not limited to, micro-
m crostructured substrates having a series of channels

structibred esubstraigsehaviing wheerichaafneliasnels dheteine avhergiarthe | chpnnels are linear,

d cl gsely. spaced. Th . . iV .
prs 1 GRS sl P BB GO S B Bppae may provie
a nuafbénof ABeMtdRs tth ehakitictds & th ifveatibmVEitse dncludeheigepreferably highly

include the preferably highly visible fluid flow

f
visibi (hidk s et Bt e UsecRlyibp et SHSSRieatieve ATtAeis designed
to be steld 91]1 ?.hclhs Sl?ﬂgg ﬂﬁghitcﬁ tlpee‘[{llﬁﬁ%gséu?ess‘tﬂg Fbtﬁ)ré?é&ﬂ% subtrate.
I'ch e Ui 0

scures e retroreflective
substrate. It is preferable that the substrate and/or

~other materials used in the articles dqg.ngt absprb, th
It is prefpebleo Ganderbstrise ARA/eF PEPLIHTRIY HEA AT G5y, do mot absorb the

i b B pt CERRAER, 0SNG OAIFLEOTRONBIE D 5 DA omponcts o i
artickh owhidh phe ffaridbhyy lvemesmendritadt| with, shogld preferably be essentially fluid
impermeable, most preferably fluid impermeable). Preferably the substrate and/or other
materials used in the article, which the fluid may come into contact with, (such as the cover, for
example) are essentially non-absorbent, most preferably non-absorbent with respect to the ﬂuid
with which they are used. Preferably also the fluid flow is only along or across the channels of
the substrate and there is essentially no diffusion, most preferably no diffusion, of the fluid into

the substrate itself (or any other components of the article with which the fluid may come into
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i nper neabl e, nost preferably fluid inperneable).
Preferably the substrate and/or other materials used
WO poobla76a0 ti cl e, which the fluid nmay cone i nt oPCDRPH0$/010738
with, (such as the cover, flor exanple) are essentially
n Ok HRE Ay gy iffuse into, or
com R HR Pl FRE! AR RO L TR pEea RERkogl b, difuse
permPate filer subktyate itself othahérl apipohenssof the arfloje dinsygonte iniorapgtact with.
t he channel s of the substrate and there is essentially
no di ffusion, nost preferably no diffusion, of the
The fibWi & thBtiid ieroapb ser sifbetratk S€ Efefé@m afy patdies flow. That is, it should
conmponents of the article wt mhicg.the fluid may
prefecabie be tosgintaptlary attios and pptidnally grawietiopy effeetaptlihough preferably
does .not cone_ absor by, . di LNt o, . -
any GREEGRY EEE e BIRRLS5 nep i g BRu MR gpRligR ot FEThicator does
not affett i6d erformaBde. TREBoWBfahe Anidatbuldipréferabhendtibewaatfvet h@. e., caused
fluid through the substrate is preferably via passive
by devieswsuathagt pumps, prteRbYACHUBSEREPR6IS)- be t hr ough
capillary action and optionally gravitational effects,
al t hough preferably any gravitational effects are
As dizonsgedl prerionsiyexhe sebstragoof it attivde opiiemdllyt camnaio$ chivenels therein.
i ndi cator does not affect its performance. The fl ow of

Optigmdlyftheichamiebupiy Hrasananrd Hsterapdy thicphapgels a¢ intgrconnected for a
morecéﬁ'\%ﬁefﬂlﬂ)ﬂo?\gi’?ﬁﬁz‘shégzﬁgn&% ﬁerfg@calﬁx BN RH onamUiPosed surface of the

sources, e I scussed evi'ously, the substrate
substodtet he article optionally contains channels therein.

Optionally the channels are interconnected. Preferably

the channels are interconnected for a nore even fluid

Depdrld@¥ & G subdiPfie GRARNGIISCHAR ] (déRiR B IfayPheOMat 8 dnfall @bunt of fluid
exposed surface of the substrate.” Dependi ng on the

could leak tomtofethe elpseratersides Hametkgies )che 31 avesi Alongehe Blaic fhew path. Such fluid,

. |.I anmount .of fl.uid could. |le out .of th ubst r at :
whicli T iy <t dojen bty v irote STEGS siBnpb T TRGHHT e fuid flow
path RBhIbuSHE fo f lndh nifekth Fhid Ha%sirenit ThkQ M sbrpotes itak Ipyeferred to seal

re-enter the substrate channels further along the

the ¢dgas @r fsidew qfathp sobsitats buionggas Beacdgsrerugied ovtasl plipwys fluid entry is
flow front . Thus, | n.so : it ;| ef
unseglggl and e g Or3red it%‘i%rggwﬁlt%ﬁ gﬁ% 5@%4 ?15’% 3s r{sgéri%& g% CASUIe a more
uniférheflgidFRwroat. ea which allows fluid entry is unseal ed
and the edge or area toward which the fluid flows is
unseal ed to ensure a nore uniformfluid flow front.

The Eggr\l/nlceggp S Qb rol AR k& Ql'b%frﬁﬂéﬂfjg%gisd.%ﬂbaﬂ ﬂgfel )(;h{ or more shapes.

can have one or nore sh Typi ca
Typichitn el chanhélhiwithilehessubstratataee sitrdlasiynshbped. Exatmppeschf useful channel

TR SR (TR N e VTN T R p——
shapbd %ﬂgﬁ%‘i’s,c‘s@ﬁ'ﬁ%ﬁkﬁasbh‘ﬁéﬁa&%nd& and square u-shaped channels. The channels,
when viewed from above, can be linear or non-linear. For example, they may be straight,
curved, twisted, crooked, tortuous, etc. The channels may optionally be formed by a series of
geometric projections, wherein the paths between the projections become the channels. This

would be the case for retroreflective cube-corner sheeting discussed later herein.

Typically the depth of the channels range from about 5 to less than about 1,000 microns, more
typically about 10 to about 500 microns, preferably about 25 to about 200 microns, and most
preferably about 25 to about 100 microns. Typically the width of the channels range from about
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channel s, sem -circl e-shaped channel s, and square
u- shaped channels. The channel s, when viewed from
wa@bwee3768@n be |inear or non-linear. For exanpP&l/EP1vey010738
may be straight, curved, twsted, crooked, tortuous,
5 0% Gut TRE (LRSS ORY 28Ot Bﬁ:afl?ra%ﬁit E’% t8 80 §60 microns,
geonetric projéctions, Wherei n't he pat hs between
prefdr;l‘uéy pbajt&St toabsub 2 omicrotse Tgplamlﬂw ite. spihng ofuhd chapgels fresuch that a

ehanf 38 e APt o SagiIadpiEons WegeieD ehmgl, more typicaly
abou€ @R o8t 5@NEEerbfis0 %&@Qf&ab'iy byodtqaso tamﬁ 230 @lErohs 000
m crons, nore typl cally about 10 to about 500 m crons,
preferably about 25 to about 200 mi crons, and nost
referabl y about. 25.t.0 a 00.m crons,
The J86 TGt 5 et AL eRE® S e e 2B yerd RRERiag on o number of
factok€ ThesdMA1uABOME etalpIe, e Qémas of Hﬁfe&mtemme@l floy tiadofuitl t4 Qun through
to about 500 m crons, preferably about 25 to about 250

the sphsgratsnhe finidicbe nseditith e sehsirgicond the lesehimwhieh the Byjd flow should
b t
or sh&?@&ﬁ r]%lg c‘?}g%§°34 gyafr’]g(r)%% é)?heg El?alﬁ a?llfa%b%o?g %@a ag?%l{g% ']t"o design an
articlkOsubgtadbgllf up@edied YN gravandois eheldbpryfepdidytutillzet ® substrate with
about 250 m crons. The shape, |ength, and nunber of
suffigigathnepall efpnppls. substrate can vary depending on a
nunber of factors. These include, for exanple, the
| ength of tinme one desires for the fluid to run
The $dbswarghudefid i paenad enbsdimenis wif thet iﬂvh&iou%@mivtrb#stmbtared A variety

bstrate, and the | evel to whi.ch the fluid f
of didfeatfleseess ABRIITPRR! BEPSIIARBE BT bitclueg iptrates are useful

preférf@:ﬁns%ﬁfi’étle @Eﬁﬁ f@b&Lhal SHEH ASir dééé}’deﬁtrl);gr) and! QurfiRe| @RraRftristics upon
article substa tlaIIy unaffected by gravity, one

expostroud thepiiwfieuselliy thetarti¢le of thedunrstioatas wilk the temperature, humidity, and
suffici ent rral I n bstrates useful in
ot e AL TR AREDOP B RS 1 on ar <

mcro-structured. A variety of different classes and
types of channel -contai ning m cro-structured
The sopsraterefiective LLIS@ITOtﬂtYUC'f:WQﬂ evubsidatet barer aur@fsratbéf nfprmed from any

therre(ﬂag?silgi 121?1% t§d1%BLh§ pag{'a’ rgﬁngértrogﬂetag)gt@ 1 %Igﬂé Gssm'g including, for
exanke, RIAISh, Pblychvers, YRS, pag (Wbl cmbﬁd@s ORRA Sncthacrylate,

dity, ot her environnmental conditions likely t
poly%b@r%% @rﬁO@s el¢. Patielefiahare erefered. pagicplagly polyethylene or polypmpylene

blen(ggn&{ %ﬁ Fs‘d[hgrlég taaatﬁ%éo@hl%{so éf é?q&;gi%x a ?[oggefai)flén%n@vlth minor

Ti'c marérra rcastin
prop@ft@ﬁlh | cff Sﬁhbf UsbmerQr sueiibas sthiytene vyl dicetute. f Polyolefins are preferred
exa oleflns pol yesters, pol yam des OLM
becapsg %ypqhelé ﬁf{@_ﬁl a@ghysg@l PIoRETics, 3t ﬁfagrpﬁs% and typically lower cost than

othel ﬁ{e}‘ﬁgﬁg ﬂ?{‘rﬁter]&l’sj Hﬁ/y}ilgtsﬁmla?@ bRAS @’roiéroﬁ)éfﬁlfs%&ﬁﬂ» replicate the

art y polyet ne or polypropylen
surface of a casting or embossing roll and are also readily profile extruded. They are tough,

durable and hold their shape well, thus making such films easy to handle after the casting or
embossing process. Alternatively, the micro-structured substrate can be cast from curable resin
materials such as acrylates or epoxies, and cured by exposure to heat, ultraviolet (UV), or E-

beam radiation.

The substrates useful according to the invention may optionally have one or more of the

following optical characteristics: retroreflectivity, total internal reflection, and partial internal
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bl ends and/or copol yners thereof, and copol yners of

propyl ene and/ or ethylene with m nor proportions of
wo@rdven3wenoner s, such as et hyl ene/vinyl acet atBCT/EP2005/010738

Pol yol efins are preferred B&cause of their excellent

hysical pr rti.es,. ease of .pracessing..and typicall .
reflifie i, PRTREn estRarS Ange R SErE By’ KRYffly *fre micro-
strucfiréd bidktrb g ket held Heculobrydtfesive propeaids iy itheRive Ciat €etectability

the surface of a casting or enbossing roll and are .
of thg|fhdd ae ddmpyespenthe miegesiyeiegd stheiateras theydpd Boyesmnethe micro-
[ ' i neL: i | e .
srucfth AP JFblets R REcr Sl A RS RBHED e SRR diffrence
betwédi e matiovetugtured surfrice raad sitijaoerit fruedl tes ddrseasateompared® air), thereby
cast _fromcurable resin materials such as acrylates or
obscyingythe SUCTYRFUE Uy E ARt IFRRIOYHE A ZRNSRFFICHVI ol et
(W), or Ebeamradi ation. The substrates useful
according to the invention may optionally have one or
Fluidgore of the follow ng optical characteristics:
retroreflectivity, total internal reflection, and
partial internalreflection. These include refractive
A vaRBY/ Tl 46 6dthV & cBFBRELS the Presb @ inPerRiFR! BxandfBs thereof include, but
m Crostructured substrate itself can have specul ar or
are ndf fimited toe those pdedted fromahe gpup\censisiengieftvasoad fliidsyvigdoelastic fluids,
d_t@g flg%d s it nmoves on the mcro-structured
and IWHHYET AFE°"As the fluid noves on the nicrostructured
substrate, it wets the mcro-structured surface,
causing the refractive index difference between the
Furthermprs, one gen seleef Somfaarengaihelds ayidicdifferent giudageptension characteristics.
.decrease (conpared to air), therehy qbscuring thg ;
Typiealls S0k i bEI B Wt5S SRR P HP e i5ig the ghges from about 10 x 10

L M e
; L S

morg pigrediy Pt D S P g vt Ao oiy Bl S8 sl about 101

10_32\56/#46%%13?&% M B t hereof. Furthernore, one can

rom'anong fluids with different surface
tension characteristics. Typically, fluids can be used

whose surface_tension at 230C is jn the ranges from. )
Purtigiaaie. 90 S0 FPToMBORE A B with £bftgaeR) dqgeRY gharpftgristics. Typically,
. ~ n. t ~
SRR SRR P 2300yt B Y S B ety
aboulr0Stto pbediter Bpdaynsaopatid st preferaBlydbout @8 adahdut 4G grath@cd

N m Furthernore, one can select fromanong fl uids
with different density characteristics. Typically,

Finally, one can select from among fluids with different zero rate shear viscosity characteristics.
Typically, fluids can be used whose zero rate shear viscosity at 23°C ranges from about 1 x 10-3

to about 1 x 100 Pas, preferably about 0.1 to about I x 103 Pa-s, and most preferably about 1 to
about 10,000 Pa-s.

For time/temperature indicator articles of the invention, the fluid selected is temperature
sensitive. For timer articles of the invention, the fluid selected is substantially temperature

insensitive, most preferably temperature insensitive. Temperature sensitive fluids are defined as

“having an activation energy (Ez) of 3 kcal/mole or more and a Quotient Q1( of preferably

greater than 1.1. Temperature insensitive fluids are defined as having an E, of less than 3
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fluids can be used whose density at 23C ranges from
about 0.5 to about 2 granms/cc, preferably about 0.5 to
w@bwen3b3® grans/cc, and nost preferably aboutPOI/BP1005/010738

about 1.5 grams/cc. Finally4 one can select from anong
ids, W

el St el T b gt L0 5, A0S M BRI B g e e
r X

reacti%gx (égurfﬁel & c? %51 %ﬁg@ Sﬁﬁc¥%t?£élf %1% %g‘gﬁaﬁlﬁgénlsﬁ?%b%fu% perishable
produe¥) d&uRdn $esp@ﬁlsé t6Rg0°Qhisfredsal t}én@bﬂ%ﬁire Whereim@dsiprovided in °C:

10,000 Pa-s. For tine/tenperature indicator articles

onI(me (Raeefichange at He-10PQV (Rafe Eehange psTX enper at ure

sensitive. For tinmer articles of the invention, the

fluid selected is substantially tenperature

. S S Ak hpRe

suid 8L KB b BEEL Ao SIRSEOHHCS BB OSLIANEE nd viscons
fluidacht vantdmatene rigstediEenal ppdvide klﬁ:aaldésrm:ldepmpenmes dommuigation into the

Quotient Q. o of preferably greater than, 1.
chanmrdsyfy theuPacrpridurdredi erigoey iy gesppaseq i |“ﬁ‘éed aggloﬁ Apative  thermal

expo%ﬂi.% (H?R éﬁ%ﬁ?éstf%glﬁo I:f)n g‘lﬂéﬁfﬁh% g?qﬁ%Eﬁfoﬁr@%éé gltﬁleerngb the channels of

the miemedtivoturéd sublstrais, thh enifec enetpiesyd, theraxtictebdahpapeniatshould preferably

e RN S SRR Bt S0 b OSSP B s
less | n%eMﬂ 96 debed ol ;Qeféraﬁaﬁai&s Qlﬁancﬁﬁ)‘ﬂg% gfreeé'l@ﬁﬁ}h/ the range of

change at T) Suitable fluids according to the
mtenple@ssmtempewems ofhei cmntaqd englé dy a é;mﬁpn of the gulaee auerey of the micro-

cous, flui.ds and co |nt1 er eqf
s F U s T BB B ol i JRMEPoAl B iftpgecial energy
betwbipihaeks. of the mcro-structured surface In response
to time and/or cunul ative thermal exposure. For
capi | | ary action to prl marily drive the mgration of
The E%r{}gls (Ff;ﬁl 1nvr§1t1]tgont 1@ l%]xegh ncieeﬁlé%]éd wjﬁrot(mdgrsgfr'ffclﬁ%nllf ?ﬁﬂf E)dfill the channels
of thé eMpRNERicEiréhQitfade S eeeliad i gritdd Btorighthe tlomaklscDhd aﬁhponents of the

angle of the fluid on the m cro-structured surface of
articlerrogldndsa preferaldy be cheses to wapyidhs desitd Taédiidaigratipg,¢f the fluid into
r | e
e LI 85000l BBy (M BUTkR e i s s
v1sccbt& lﬂguﬁcu rfot exampsié, shbeldspiefeaabdy ﬁnglragythDdugihhhls channel structure at a rate
m crostructured_ surface, the surface

that 5 ¢fsentiady 1§dep|ep<gﬁ1ﬂt @)f ternpyatiffa apﬁteéqepg%lp %éﬂeé\dﬁ?/t of orientation, i.e.,
gravﬁgﬁcﬁg ‘rfﬁ/b({olﬂﬁ'gfg the EI%P%E%E g%/ Iﬁ‘lggfqél td1end MVRALH Hexhée can be constructed

pre ghe ufficient f to
to proivide amadmhmnn of ﬂleafmd: bxpirddc Accatdingty, ur ediesmatﬂa(tte bagble to select a
fl
11qu1gfhang%{lgab e a%gc%gns 1CS Po% tltlehgmglllqn% %? %me the]%l%%ecfs tn%%rﬁggntlt%red.

As discussed above, Q1o and E, are useful as a quantification of rate of degradation or other rate
of change of an object to be monitored. It is also useful to quantify the effective E, or Qg of the
fluid to select a suitable fluid for the object to be monitored. As with the particular object to be
monitored, it is possible to select various fluids and perform experiments on indicators
comprising the fluids to determine the rate of change of the visually observable indication at
various temperatures for each fluid. It is then possible to calculate a measured effective E,

and/or Q1 for various fluids with a given substrate to best fit the intended use of the indicator.
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article should also preferably be chosen to provide a
desired rate of mgration of the fluid into the

W@ b@nnogle3st ruct ure of the mcro-structured subBCT/EPH®IS/010738
In a tinme indicator, the flg§id such as a viscous

e el SERTRL i, BB LR sk Rt e

indepatiRpan denéstidiaté SRREfalW R tivaith @%@m ially
I ndependent of orientation, i.e., gravitation. By

controlling the properties of the Iqu|d t he
Lhdi Gat c Vicdeqal .
For LA LR 80 SR BBENGIT PRI PR o a oo o
frequeely ra b\Iaﬁotl@ tdepeaitheest amdspﬁrﬁﬁm fmeHeppetatiay km@rposition according to
sui .t abl racteristics for the anmount of tine that

classigal pEoseguse %ﬂ%‘ﬁﬁl et HsrhgplegusBedemperpaire darsnderf shift factors that
r f

resugrcﬁré he gfrt LﬂJ:r) éﬁwﬁg ;Ihaglgélo]?éﬁgpé%@ 1%12 ?l‘h(t? g&beef%%n%g? at \Jaggn energy can

then| be i lcalaal lasefrdulngt ® theamtellfgnothe eglidtioat ofs Fefry. Gee Qbhn D. Ferry,

TR IRV R RN T I
rheol‘f%@" Wall@8e ablk tb SsefS Sipbii®n P FeRY @S HeskabdPUs fluids and

perform experinents on indicators conprising the
fluids to determ ne the rate of change of the V|suaIIy

bse vabl i ndi.cati t.varjous t.e rat or e
1o o RRFIRRR S TrERo Ol Pk RED 3 3 VETRRREG BB L0 B8, proferably
mig@fes Q@d&ﬂgvthe Ehamiill/seictile AtO4 rat@ KR lfﬁeféllabllydﬁlcﬂéaﬁé WitR kBPerature in a
substrate to best fit the i ntendéd use of the
sufficiegily singifar [vayjtg the @l@ﬁnges@, figslay rate ofshesehject t¢yée monitored to provide an

accu%ﬁgqrgd@&tlg)epetd% F‘ﬁ(g gg% égl{el%%r?tﬁléf €0 V&nt[?on fefe){gtg%gﬁc’cgg &1% indicator. By

sele@inigi & fluldowithn@e appropeititeeprapaties, thlendeinFBRTIbecah® constructed to
dynam ¢, nechani cal properties of a fluid as a function

proviffe 31y ipgigatien of prgdeteiarigcd exnpelpdyihesna sapeirg. & yill often be useful to
prov%(irer(;ggleggl?g@(;rﬁtg Vﬁre&éﬁ&%ﬁg&gﬂd@a@l@ﬁﬁﬁ” o, lgﬁ\%gchérrgnag )@ﬁdcﬁ'ulceaflor a particular
penihahipereﬂt, wueh a?kdbemdﬁeﬂlcmhi pHotdgrayihi §1pfphast ah@sutdins®aAchedingly, it is

.%*k o the W/]Iians-Landel -Ferry equation and the
desitapleq g SlaCtat (f; %t RS Glé%ifa‘ftﬁléﬂl%efoé dhe Lnaaf%ar product to be
mon@6fe@l di ng to the well-known equation of Ferry. See

John D. Ferry, Viscoelastic Properties of Polynmners,

(John Wley and Sons, Inc, 1980). One skilled in the
rurl i mC SR SR U et SRS SRsfhenc it e
1nvehl"@1 Edntetbbbifd, HSrequiVddS G0 WS bygkémui d for exanpl e,

preferably mgrates along the channel structure at a

rate that preferably increases with tenperature in a
Fl gsgi Lentl y simlar way to the change in decay rate

1
ject to be nonitored to provide an accurate
i ndication of the tine and tenperature conditions

experienced by the indicator. By
The fluid should remain separated from the substrate until the article is activated. To activate

the article, the indicator is manipulated such that the fluid is allowed to contact at least some of
the channels of the substrate. Prior to activation, the article can preferably be stored almost
indefinitely, provided that storage does not permit any material degradation in performance.
The fluid may be separated from the substrate, for example, by a physical barrier or by a space

or distance. The separation by space is useful for an article that may be a movement indicator
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selecting a fluid with the appropriate properties, the
i ndi cating device can be constructed to provide an
WO pabo3t6BN of a predeterm ned cunul ati ve t her PEl/EP2005/010738
exposure. It will often beleseful to provide an
i ndi cati.on of a redete owabl e cunul.atiyve
that ol VER s Bs eg Moy Brcts Bl e prLMaB gt ey cxample,thereby
placidGhe A8idf iR 0dntafBiCine8ubRAR GEhal8I ¢ supplies, and
vacci nes. Accordingly, it is desirable to select a
fluid having suitable characteristics for the

rti.cul duct to nito
The R% Ofmatp Xsﬁgaélﬁb of L a‘?ﬁ“@%ﬁ us 6rartdtgle§ Ittﬁa?porneef ‘éV}ShSSd not to become

actNaﬂsdll maﬁeg,r By it I%S@tﬁﬁﬂ(ﬁ’ﬂme avidld aﬁch fequitven aet0alcaep B&h as penetrating,
obt ai ne required, from WO 01/88634. Fluid

ruptlsérrﬂaroatrmﬁvmaém barrtersfos eramplenis allew Fhrid contart withtthe substrate. A

num% e ar fnll‘ir&sj 1111%12& B% 8?%121 c%r%ni OEEﬁé n\(/?ﬁtfoql FIIO e)ﬁagﬁ%;ﬂe( #E barrier could

be atﬂa&rf/duu lod costaimket Mdastzopﬁmﬂlﬂ; a@dk at blﬁdsﬁ mswhﬁha:he gl is contained.
channel s of the substrate. Prior tqQ activation, the

UpoR applyng RIgHFUfs i9ftBe RBYSH, Beks poPlegdeiystld per Allqwipg contact of the
[ r (0] t

e, Th PSSy B apPRdIbY AR PRMEH Tor exappl. Other

barri‘ersomdhhk sfmbskatraple ghies, eadampl@c Tﬁhesa lpﬂmsnscaiulcﬂ)arer mn1pulated or

rem%vggf ﬁ}r e 1631 ebglrpp @Sgéaapﬁgg)u ﬁgg ag:g) (ﬁrr%%lgglﬁ,g %/la pr?a%eed seal, breaking a

caps'uléd bﬁ:aﬁcpﬁﬁd'i@tcoﬁﬁ&t' ofahe &t e s@strhie! Otied MY 8eRYirs and barrier
ifting, tilting, and/or inverting, for exanple,

systhhealebyleﬁlloas: phectivaton et bauseortiadhe siticles fighe invention. The barrier

coulgtheSt rgeg grgﬁg a?rg&rllb:ert ¥h eaetgnzielﬁ é?chg‘q.;gg 5&%@ Lh altg rplas%ics, adhesives,
metd€  d¢tivated nerely by the position of the article

an requires an actual step such as penetrating,
rupturing, or renoving the barrier, for exanple, to
COV%F&DMIf|Uid contact with the substrate. A nunber of
td barriers may be used according to the invention.
For exanple, the barrier could be a reservoir or
cont ai ner such as a pouch, sack, or bl adder in which
The pricls pijthg invengign mgynion chaﬁﬁwwcwsﬂbg sl @Vers & pration or all of
h I
the HAUE S0F Coycling YA B ARG o BULH(E o o/ Pic, apy barier and
the subytrire. ‘Bigptovednyf fthengeuclepmw bel IﬂBXIbﬂ@ rsemmgm er nﬁlh@he covering is

barriers include, for exanple, val ves,
Pfequﬁ@é’éie%ﬁnrﬁu@i* that i dogs B%t lnu ewvﬁlf B a@PV%tMélae alﬁls#e and the flow of
the ﬁﬁia@mn etgpﬂuﬁ@lé\b ?chauﬁlég thPUbier Ao Fuf@iods «J %Ql\ﬁ't@@le Fluid from the

I am na seal eaki capsule, etc. to al
substratet wtil 1tcn§ retlheveﬁl, o dbsmnbd:d aﬁwes"DHB¢avanag pﬁafmblyfslhuuld be selected to
prever?ts ﬁﬁ?ﬁo ¢ S {rom the article. The covering can be made from a variety of

materials, including, but not limited to, plastics. The covering may be a one-piece construction
or may be a multiple-piece construction formed, for example, by two pieces of tape joined
together. The cover could be made of an opaque material provided with a transparent window
through which to view the fluid progress, for example. Alternatively the cover may be made
from a transparent material with graphics thereon. A portion of the transparent cover should
preferably be left free from graphics to provide a window to view the fluid progression. Other
cover configurations are also possible. The cover may be adhered to the substrate and other

components of the article such as a fluid reservoir, for example, in a variety of ways including,
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systens and net hods of activation would be useful in
the articles of the invention. The barrier could be
worame/03768m a nunber of materials including butPCDEP2005/010738
limted to plastics adhesilves, netals, glass, etc.
icle of the. ntion nma
for ARl dmhaBoE P ks Baues ST temtoniBRbe AlRgpte and the fuia
reseivio@ guchi hhe theSUHB WackRBEhdcOmeaRd Goltp 'Aﬂﬁnﬁéﬁv@EfV & tr@nsfer pressure
portion or all of the fluid, any barrier and th

Sensstl)/ﬁs%dh&&llée cahbe daviapteddo dre wbétr@tﬁtandlaeﬂwéyemvou for example, and a

I
Covefr %?era nﬁg%sﬁé%%eq%%’é %1 ?V% adgoévsecg\c;?r: E?elrfsere W th

the activation of the article and the flow of the
ui d a|QP %he fluid fl ow path, unless the cover al so
ThlsleYFé‘l“PBh‘é B §Té‘?5d%n§?rétopﬁé>3’ff?ﬁ9¥f§1§tpé]%ﬁ aGeMpABEnE Heeres.
until it is renoved, as described above. The coveri ng
preferably shoul d be selected to prevent fluid from
Fig. I1 ebikitratpsfa tmet hetickr 20 of ¢he Fiventboy dliinpgatigte D@ shade in Fig. 1 is of a

mal 430 B Pt which, ot ob sk Rt o eod I BieRlstcBhe articl 20

nchﬁl@B 8bver Ol O8R4 @Bﬂtaﬁﬁ pRinfiHE HeRloR- eQb%ﬁ ?o@éjfé%{aﬁlg&%f Qtion identified
formed, for exanple, by two pieces of tape | ol

as 2§, d@mfhl@ reft Fhrspersneto mrovidd alyéndmd eo afvicarer opadbserve the fluid flow upon

aCthm?Ié h"h{eopl rtl%éll C{Ijlﬁt e %MP%HI‘I]‘ ﬁpaﬁ%g{l]‘lg Ese ?]%Ir‘.l]\{ml&n]g\%vptgporl’lg %ghactlvatlon pOlIlt

26 pokitish@rblated Yiuld ReseRva! aﬁ@ﬁct‘i’@u@ﬁqﬁsﬁcﬁﬂh@?g rﬁpﬁﬁarleﬁgtlvatlon has
material w th graphics thereon. A portion of

already espaEednd coloved g:hawsaow diceelapieq tiee.| Blig ecﬂgeeef fhedrar 29, which

i de a W t.0
movg{ (2&%? élgrgel aés(r%]hg @ﬁﬁl HOYEs & iénggtgﬁ F?bﬁg?%t Is dh%rl%élreg aél%g &nd is also known as
the ﬂl@@ ﬂbw feont.TMhe ERVEToWEYorR & e bafc@fodtDolin@rs 8 ﬁierﬂﬂl@ that has moved
and ot her conponents of the article such as a uid
along thesuhgrate. for exanple, in a variety of ways
i ncluding, for exanple, |amnation of a pressure
sensitive adhesive tape onto the substrate and the

Fig. f2 of ther exempahying ulthwingatillisttdsap erdaaskitidvpab eRones at fikt preferred
t er.nat | veI , a transfer pressure sensitive

emb%fgﬁlégﬁ Helge Oy ofrihe: Biesent tpvenHan sibister 3t of Gisgerabgdimprf comprises
subsfrﬁ%e VRh¥in fé”mfc’f@g@h&ureangudﬁac‘éoﬁﬁ[ d]:e?]ﬁe? &, ! m[aﬂg, &t channels 4.
adhesi ve

€ pressure sensi tive
Furtlwmlnbrdaerthﬂﬂ te rcomptheesa conklueyive édyer i that isdotahai adjacent to the micro-

1 |Ilustrates a tiner

s 5 TR 0 BB 4. by WAMESUSEn ot spppoin tre
entirE gﬁv\%ci;érﬁa‘ﬁﬁ gxﬁsuzatigﬂ\%kﬁélz %(lnﬁl?ﬁ@ﬂivéﬁ H%‘aﬁnl%s@ Ifhc :’ﬁ}b&ﬁh}_'t& which the article 20
is attachng Tbe 2harinals| %d@@rouded f@m ﬂlﬁd\th:{t ig 46;[:10&1&@1 from the substrate 1 unt11
an acTQ ﬁ%r!} ?f}t@ta Q,%;E&é’ Ho % X&esﬁed {oy 2 wRer. é%&‘ﬁ&ﬁ'c?&e ?a%rgrt é 1snlocated adjacent to
the micro-structured surface of the substrate 1 so that it is contacted by the fluid as it migrates
through the channels 4 of the substrate 1. The article 20 can be activated at a desired point in
time to allow contact of the fluid with at least one of the channels 4 of the substrate 1. Until
activation, the fluid is stored in the above-mentioned fluid reservoir (not shown) that is

separated from the channels by a suitable barrier (not shown) or space.
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as 28, which is left transparent to provide a w ndow
so a viewer can observe the fluid fl ow upon
W@eiosM3eB®N. The printing on the cover 24 al soPCHEP200%610738
war ni ng instructions 27, ad8ivation point 26
osi.ti.oned over fluid reservoi nd. activation
As Qe cttiogmomsisad f ke ghahelisd Substedty e S Shepatigt by the present
inveshUthhestherm&eH Al ®eh Rabordds sheswld, RaclehrpsRt dudrsorphi®e materials
u;gge of the bar 29, which noves over tine as the fluid
are sssubstoriyylt he substrate, is identified as 22 and is
al so known as the fluid flow front. The fluid flow
front is the outernost boundary of the fluid that has
Wwithueatoastangioh e Sl é ot govilega n2eaglirableevagiablergievnycad Gharacteristic
drawings illustrates a cross-sectional viewof a fjr

: st o
that yaries ép pereespaissareiih thy progross of te dlusdthgpuahiibe ghangiglstt. The fluid is,
[ ti,o i.cle - 1 R [ [ EES
or MBS BR800l s, SIERATEAL FOTRELRE: pover soure,
respabaif/elye Som wilichr ahé tcyndifcticbdayel 8 grovidas tdner etestende. In this case, the
article 20 conprises a_ conducti ve%c{qag er 2 that is

resisjageg{pdugiyine 8hivoliaget et TFSOFCORIIGHE PTSRATACKUBE YHiPs with the

progiidDsf hetRidlas iFhﬁ%Jaﬂey alfd th'HAhALION JF A¥Rubsirdi$ 1 Pr ovi ded
supporting the entire s I

ructure and insulating the
conductive | ayer 2 against the product to which the
. article 20 is attached. The channels 4 ar rovi ded .
teis pisferteeingite b RS Eial i ut Erope £ae SRS fhe rsistoripower
sourttA Im@R Aetdréat dffod@iea6f Ak ifBAtBre2d idvAeR FE DYnAthis specific
user. The conductive layer 2 is |ocated adjacent to )
embediment, threccontineitvedayed fayursf saeantst-clderodup gt Wall @s thregdistinct detection

that jt. i ont act ed he fluid.as it .m.grat . oo
ettt STt ReEERm AP Lo o B et P T HREER i oy it migraces
along theC&anhEs acdfitHab@uate 12 THeTDotR@r-BlRLtRédel Nad R defection electrodes 9

al low contact of the fluid with at |east one of the . )
compisgrmedtrodg figeers eat subaranged ta cadhrather ig @niintarleaying relpsionship. Thus,

fluid i red .i ve: is fluid. res 3
e o Tt O IR SRR DA A SN 1 nicn o
one 6ftht alekigoddar ri er (not shown) or space. As descri bed

above, instead of the channelled substrate, it is

enconpassed by the present invention that other
AleefBLEEN e TS 16 ToP Bl BBl LB ITAETAY, fof fims part of o
resissorait pooes kautcd, irespectiviety, dott whick tROcqudovstivddaya 2 provides one electrode.

measur.abl e variable electrical characteristic that )
The ¢apquelive Aveh2ris PREFAEH E PIAVIAP 2 REIHIY G cQunigr-elenigodes 10 associated

withf thd] &tet begraR ed hgnﬂl%l fuift: ThB&olthtd} Q1dcfodds010 are arranged to be
exanpl e, a conductivé or electrolytic fluid that forns

contpated swresaivebshysthe fluat agiowegrates atong the dwprds ol tieysubdtaate. See Fig. 7.
whi ch the conductive |ayer 2 provides one el ectrode. -
In this case, the

Fig. 5 illustrates a further preferred design of this first embodiment of the present invention.

The article 20 shown in Fig. 5 additionally comprises a conductive coating 6. Conductive
coating 6 is provided on the bottom area of the channels 4 only. For example, in case a micro-
replicated film is used as substrate 1, the micro-replicated film is first metalized. The channel

top is either not metalized or removed thereafter, e.g., with electro-milling.

Such a conductive coating 6 on the bottom area of the channels 4 also provides a counter

electrode of the resistor/power source, i.e., a counter electrode to the electrode formed by the
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resi stance/ conductivity or voltage of the
resi stor/conductor or power source varies with the
wEe@gnes3o of the fluid as it mgrates al ong t heCT/EP2005/010738
channels 4 of the substratd91. It is preferred that
Lve Ia er al.so pr.ovi de

ituid, Wi o P i PatiEteY piireR Db s e sile axorides Tt sgdyctivity and

capaBfi&{c8at 8 dhcashasle VeRiblOblettiicsl dhaaktéigti¢.s shown in Fig.
4. In this specific enbodi nent, the conductive |ayer

forns a counter- electrode 8 as well as three distinct
det e L Iectrod el r,od r .
In the I spgo 1m§n§ a%o(%ns ér} 3 6&]%})‘19&*0?8% éz%%g Z ﬁ‘l%&nb% gaftte?ne% fo provide a
plur@ltprg ddeaogdraens) @ecﬁrcﬂfes nb%hswhah IR, e7)lasschiﬁed w1th the said counter-
counter-el ectrode 8 and the detecti on el ectrodes

elecgesippforzmed dydbe cowbictivh gerting havhigh slegirpdsigae arr@n&eaicw be contacted
tern
succggsng: % Hr] li}ilﬁ ea? 425%{%@? 8%02% g%é ?12&212%19 to\fv-ép ggheg\;rvgg along the substrate.
Altetratie¢lly e ednqlmmtve Oﬂzﬁmg@mfpaﬂﬁm&ﬁ ite brcfvﬂxiems plmmiltpﬁ)f thenter-electrodes
el ectrodes. Alternpative IS, for

xarrpl e,
assogiated it e vaidome & eéEPﬁk‘o*%F@ by Iﬂ%ﬁ P ReVerlBYeRs laf-é? fogyter-electrodes
f | 1Y &l Yratel Qon8hthe Bhannels 4

e B s PR R oSV e o ERRRER W ittt Yon e Shanncls 4 of the
substateducti ve layer 2 is patterned to provide a plur aI ity

of counter-el ectrodes 10 associated with the one

el ectrode formed by the fluid. The counter el ectrodes
Fig. :BQIlﬁﬁﬁat&re{ AR ERkrh iR FGORESEE SHbSHAMERSSH M b)/es@ﬂ/t ihf&tion. Article 20

as it mgrates along the channels of "the

of tk!sl& thdtreentS@@lmsgs sbstrefegl MBvingl ysnicwrswmctred) spiage that defines a

plur%}tg Soz r(f{l e%t]'iggﬂl%;qé{g %IIH @ c%ﬁpprgs[% o 1P§g?q§1n§na}éer 5 that is located
adjadétdlitd |t1@eﬂﬁhér}é s&GQBMfddSRSfade ©OMEHStHsHBteCOAA icB8dtive layer 2 is provided
Conductive coating 6 is provided on the bottom area of

adjacdné t@ Hgrinalating ]@mryS oFgie ehemgdetherenf. dagdernore, an insulator layer 3 is
p]fovnae(éir o“i‘ﬁl@' I%%E)?l%lc?n‘t ]lgnm'vi%iseéj?gagJ ?i?a&%? aﬁ% ze:jr.% %ﬁ’%gb:ll variable electrical

Cro- rep anne

charhaé)nstfc Aktdigingno thisreindbdizegt, Glic fleidpredrabheis aafiélectric ﬂuld and forms
with electro-mlling. . Such a _conductive coatin
part o CapReitgb e hihe e 0FonCHE ¥ A RSPTA VS @nﬁr%ﬁeﬁt@é@ hereby the

capa%ﬁ&ﬁge f t%laec]%é{l&g? gﬁf% Q?tﬁ‘rt‘ﬁé' E():%}r g,g@f/\@g g %}e/it Iﬁlgﬁtes through the

coun er electro e el
chartanfdfmhajsubiﬂmts;l. with this particular preferred design,
the article provides for conductivity and capacitance
as a neasurable variable electrical characteristic. In

As @&@n@&p ek vee nﬁstéalaoéﬁn tHenc}Fa!nﬁellei' sﬁlﬁ&a&o ﬂdiécéric‘é L&¥@"by2the present
may be patterned to provide a plurality of gtrodes

invepigom that ethet tnatediel sukd astpowwnsi mateiigs, mckasesmalaale@ apgorptive materials
" the sai.d counterel ectrode fornmed by the conductive
are %98‘31&? WPSEaCthi ch el ectrodes are arranged to be

cont act ed

According to a first alternative design of this embodiment, the conductive layer 2 also provides
the counter-electrode of the capacitor. Preferably, the coﬁductive layer 2 is patterned to provide
two separate, interleaved, portions each of which forms one of the electrodes. This is shown in
Fig. 4 where reference numeral 8 denotes a counter-electrode, and reference numerals 9 denote
detection electrodes. In this case, for example, the fluid enters the channels from the left (of Fig.
4) and migrates to the right. With increased coverage of the detection electrode part of

conductive layer 2 and of the counter-electrode part, the capacitance changes.
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successively by the fluid as it mgrates along the
channel s of or otherw se along the substrate.

WQ@\aoensmso vel y, the conductive coating 6 i s papCEEPI®AS/010738
to provide a plurality of @®dunter-electrodes
associated with the said one electrode fornmed by the
conductive | ayer. These counter-el ectrodes are

Accaldihges sécfan@%%aﬁ@eca&@gxﬁétqﬁfsss%wﬁ afmtaadlhtaﬁt ftllléjﬂ&daﬁreferably is a
it mgrates along the channel's 4 of the substrate 1.

dielgeitge f18id hnduérmatpsst of & icapacitat far which vke ofnductee dmdr 2 provides one

i nvent

cteefie ot oAt Banpr T b eLIETIdE 4 RYERGiegm R of the capacitor

PrefBiablyQ-thé doaintied Ryéd acpattdindd €efiro@8e & Plushiali &8 cOinter-electrodes
channels 4. Furthernore, article 20 conprises an

assopiated| veith g shigynae eBetrhda: is | ocated adj acent to the
m cro-structured surface of the substrate 1. A
conductive layer 2 is provided adjacent to the

Accordgigl @td miydladygaiatibe assif)ehoidiele 20 fiethbh&imeises a conductive coating 7
Furthernore, an insulator |layer 3 is provided. This

on thgehsaneleie PETVas desounipuelpetinteetdhe aanseiaidhis) alternative embodiment
I l,.C St i

s A 05 B PR pHRNACH AL e cHSBRLELTR B g vy

condaetlvé oasa‘rﬁlgphnt; podfferedciaphizi thiod aftemativhd dd3ignhatcithe duaducvi@e layer 2 is

provi des one el ectrode, wherehy the
Patt%%ﬁtq Pr&md@ Pl eéﬁifetrptlﬁs \ﬂaﬁﬁse@atﬁpt%ﬂt Hie s3ibgruda-electrode 7.
Th1sqg 11@&%21{6'&1{1 @1?57 t)vflerg"lglrs ah&en bk W&nﬁﬂ&u&h@ﬂ&@ 2 t_p‘atterned into three
he substrate descri bed above, 1 nstead
Segnmmhﬂblled substrate it i1s enconpassed by the pr esent
i nvention that other material such as porous
materials, wick materials and absorptive materials are
Alteiﬁﬁ‘-h@i%l@s a%ﬂlli) Sthé fufd ﬁrefe‘t‘ﬁlﬂ? 16l RGe16@rid fhuid 8dd AlrkR r]gﬁ?ct deae capacitor for
desi gn hi s enbodi men the conductive | ayer 2 al so
whighy the icdiedictivie layou R pervidss et elegodd, anthe coaqhmw: @pating 7 is provided on

the gflagne?lr alki}ey COHtQQCEJaC %%dtlijr?gt J(] tlsel?alt%é‘?g &O plﬁ%vrt&f X Rgur%etg ﬁ)% S?untepelectrodes

10 a‘é&bcﬁ%d RItHBhO BAd Ohe hRtred® AhiPRSth alldifitive 1SRN innFlg 7 assuming
Fig. 4 where reference nuneral 8 denotes a

that é@ﬁﬁW@Yﬁ eqasiag r/de patteansdl assheva it hinbigsical s 9 denot e
detection electrodes. In this case, for exanple, the
fluid enters the channels fromthe left (of Fig. 4)

As Bndedri fgsrattks abovd Hescrip@d of Wil ?relfé}fddeétﬁ’@éﬂlﬁl@ﬂt@r fi@eprédent invention
t he detectlon el ectrode part of conductive |layer 2 and
providesfapmeptiwitle vanatle elsefaicplgharacieristiosa Fat prasprle a variable capacitance

is 1rfEi ROESFAGE Bfo%&% Dt Qo ﬁﬁ&pﬂgpg! gﬁtgpl?g#altﬁ/ eqbag(?(f bl rtm?é or on time and

I'sS second nt era
tempthrﬁhmcbxpczsufel uhd thandivdd rpasgrpsed adxfngatlreap]mmb]@r ttﬁeo lcapacitance value
whi (Hw t he conducti.ve Ifager 2 (g)fr vi des one . )
changes due to an increase in surfae area of the capacitor. In the alternatives having an
insulating layer as shown in Figs. 3 and 6, a highly insulating material, for example very thin
polyester film (PET), such as the material sold by Du Pont Teijin Films under the designation
“Mylar,” is preferably used in order to increase sensitivity with respect to changes of

capacitance.

As shown in Fig. 8, the present invention preferably uses an ISO SmartCard format. Preferably,
the invention uses the ISO standard 13.56 MHz RFID protocol. An RFID IC 34 processes

and/or stores information related to the article, which can be obtained by the interrogator of the



10

15

20

25

30

el ectrode, and the conductive |ayer 2 also provides
the counter-electrode of the capacitor. Preferably,

W b@oeosmesct i ve | ayer is patterned to provi de BCT/EP2005/010738
plurality of counter-electﬁbdes associated with the

.sai d one el ectrod C n third alternative )
ameifes%n&rfs tppe Coperes éog]éﬁ ‘PF%(SSc%ﬁp quges <fecizpittac ot g article. The
RFIPA@at 34”19:ei7eré?ﬁ¥ el Wﬂcﬁtl(grfél BsM¥dcS182 bltea small 5 bit A/D converter with

counter-electrode of the capacitor. This alternative
mengar delineasure tesnrehatve historFidgring a R ehdinglplrocessas shown in

Fig. 6, the channels are conpletely coated by the

conductive coating. It is preferred in this third

TheRITEY [@BUYE cORFCRA thhAd céﬁ’tﬁ‘ct@%“ﬂiécﬁrh?ﬂ% l.ayele d%s;bl&y 28. Furthermore,
patterned to provide a plurality of el ectrodes

antegra 30i which winreferably providedoalnegthe pg@umﬁmw Othlhﬁ sarfige 20 is also

o T A

10. Alternatively, again, the fluid preferably is a
dielectric fluid and forns part of a capacitor for

The\ghpige %@an%iﬁwetthaﬁéalfeayféacezaSptbexﬂ%én dhreindjcatar rrsegresses along the
cha@fégnﬁ écﬁé) ﬂﬂ#‘;&ﬁﬂe\{? {1!%18 glseZdofgtal tﬁﬁﬂfg c%gu? taté]r (?scgla{or (see Fig. 9). The

chalfyecmicﬁﬁacatanctwﬂ&hgésytheffrsqowuyajf tﬁé @S&lflﬁdﬁ%ﬂﬁlown in Fig. 9, the article
sociated wth the said one electrode. This fourth
accog ing tp Ahe preserd IBVERHAT|1H up:arbé)e asya yasahle rcp@pafqlfgglce in an RF device of the

typeq\%%cﬁérﬁ %oﬁ%‘ﬁbﬂzﬂ lgFIDSte&ﬂitrc]ﬁc%é/Bov h@?recfgﬁgweﬂlﬂo&l ﬁtt ﬁ%lgwn in Fig. 9,

Fi gure. I's clear from escription o
a cqmstaﬁtecammtanbadlqmmetcged trhpapHesenthei varihlei capapitaee gesvided by the

il B 0 At ke L LR €% mpeor
genér@t%s RpAGBE 828 RReRiheifchitiCa@ivaRd. Phik )E)Hlsg thRfH, tho?@ﬁ@&juency depends
tife or on time and t enperat ure exposur e.

on t]fld virgibpr @prassesofihe agicldh & whatedetith a tmtara"ﬁlas icoamoelue is included

in o?eh%tj‘ltggggagraggsﬁqu o ttﬁ%gg?ciag(f hEﬂ? ggclgcr)] 2\9}1 ﬁa elheacgbecgineé by interrogation

via theSdhkebinh "Thlis2YR ar@igleSETOMB prétel BiFentore&h K retndiélginY automatically
i nsul ati ng material, for exanpl e very thin polyeSter

chegkied i thpEtT ne@&ﬁ@ﬂy tagcttlhlév mmaébf iaspesbibg agicl hp@mﬁormatlon provided by
the Ja%a#aie cag%aélgﬁc es [ the rl]le de o i nc%ﬁ;a ion ea'gg%taté? Stathis t031; t% I%rﬂduct carrying

USG I'n Or

the irﬁslﬁeﬁthdlﬁe@ﬁaﬂ@%hdﬁ aﬁcamt tia ?@a tinASarfin@empérafor @his@r Oly
the present invention preferab uses an | SO Smart Car

format. Preferably, the |nvent|on uses the | SO

A n%%%%%@i%?p%cﬁ@o%hgs@eﬁriﬁ)\;e?lﬁgﬁ is MstBit Pl Ig}gsﬁ) In this example, the

resistance or conductivity, respectively, is used as a measurable variable electrical
characteristic. In particular, a fluid having good conducting properties is used. In the example

shown in Fig. 10, the article is divided or segmented in five segments (in the example, five

~ segments are shown providing a 20% accuracy (5bits)). In each segment, electrode fingers are

present that interleave with fingers of a corresponding counter-electrode extending throughout
all segments. Fig. 10 also shows the fluid reservoir that stores the fluid until the article is
activated. Upon activation of the article, fluid flows into the first segment, i.e., the most left
segment in Fig. 10. As the fluid progresses through the channels, “switches” are closed by the

fluid thus registering time/temperature progression. The distinct electrodes of the five segments
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and/ or stores information related to the article,
whi ch can be obtained by the interrogator of

W b@ansiedd e, and is thus connected to the el ece€DEPR{085/010738
and counter-el ectrode(s) of22the article. The RFID IC

i addj i qnal,. contacts 32 and

are ShrRER AT RERES Tt e "SR e MR Ju it can hus be
obtdisnipehai the ertiviesis antgrrogitédrga an Bitefigadi ng process. The

RFID IC 34 is connected to the contacts to the

article, i.e., the display 28. Furthernore, antenna 30

' [ r : [ td i :

In FEEI S BEHE S5 PE A G e R S EEBRRRY comprises o
refefnee atdue@ti on field 26 is al so shown in Fig. 8. The

change of capacitance that takes place as the fluid in

the indicator progresses along the channels of the

dR S r ; [ ' dor ehli: .

I A P S PRUERE Y i, el B ¢ o implement,
the whagvgekresile isf dieagtlp woyrelofedtvnich ths oiidulbindicatids os tiemntitie, and the costs

[ 9,.the,article according to.the present invention _.
for {ﬁg qgsaé% (%5548 <9 S‘i/%??dé’ﬁflté‘g% g‘ﬁ&%?"fraﬁcfgeinﬁeiﬁorﬁﬁl%eé‘\‘}ria&@ddﬁﬂ bit on the
RFEIDhe.type known from conventional RFID technology. In
the preferred enbodi rent shown in Fig. 9, a constant
capacitance is connected in parallel to the variable

it anc vided by the.,article of .the.present.. )
SRR BIE QSRR YalE ) b hBeRl bR BE e s rod by
con@Rtdas @b dr thdtat cIRBELEE €5 thR aRtid18 @nd FehhdVvabRaRerlehBm after reading. The
circuit is activated. Thi sg$ul se train, whose

readet iy thap cpnersibiIdo 8rplumglity ol subsequenh priicles dacwbesiquently interrogate a
E Gl i.t.h a counter. This count val ue
plurty P ufcl s B B8 el 2 o el & 116l dacin t ha
standard RFID protocol and can be obtai ned by
i nt ?r rg&ati on via the antenna. Thus, the article of
The el plilie RECSPHVBYRIUGR 26%%H SeyeTal adprngasgsand
automatically checked without a necessity to actually
visually inspect the article. The information provided
Firsyhe hmeltempabiuee degraditioans ee@irdabde ttheachgeansactiohgqmint in the logistics
i ndi cati apqut the sta f the product _carryin
chatp e S ieckby BE e e e B Muertiieish PAHARBL aderso It is possible to

locaR), ARFRHably "BecRRIAIQr WHRAPEN éﬁ'{#feﬁat\!ﬂ!esfrél{ esﬁoﬁm&&uﬁédmh“ﬁis provides
application of the present invention IS IllTustrated in
detafipqy infoomation féri mseacplleims ked regist anbe taten for improvement of the

conductiyity, respectively, is used as a neasurable
tran@gﬁag%rf 8%/%9%1& rical characteristic. In particular, a

fluid having good conducting properties is used. In
the exanple shown in Fig. 10, the article is divided
Secaadlys dagranticled of thef presens ayientiesareiad vatiegeexa irpt@npdrisor to conventional

: a ho rovi di ng .a..20% accur ac Shits)).

ameh PGS 3R SRR S0, Ry 25 YR f RREAEMY prceses

havd Dpesd @ev@civahd pbbn@Lfetatidh WitlCOETESROME Néicle. Standard alternatives are
count er - el ectrode extendi ng throughout

electronic devices. However, those require electronic displays, such as LCD, to give a visual

indication. Such products are much more expensive, heavy, prone to damage, and require an

electrical power supply.

Finally, if SmartCard indicators are considered, the preferred absence of a battery in articles in
accordance with the invention offers particular advantages. In a SmartCard indicator, the

required battery significantly increases cost and makes it difficult to meet ISO standards for



10

all segnents. Fig. 10 al so shows the fluid reservoir

that stores the fluid until the article is activated.
wQOp@a/03ms80 vat i on of the article, fluid flows |iPCDEPI965/010738

first segnent, i.e., the m3st left segnent in Fig. 10.

.the fluid progresses through the channel :

card BigiEo i, B ERESRaE0, M TR PR Risp e otential of the
produttBAihRRER DY HakES ApRGaBSsS| on. The distinct el ectrodes

of the fivé segfmentsare connected to a standard RFDD

interface, and the tinme/tenperature information can
e LB 8RN YR 2P BE P S sh SRIRF ftfens rreor
The afokdgolr, déthiged ideSripti6g NIRRT beehefiem by cheiprifS@flemstanding only. No

reference conductor. |In_conparison to the exanple _
unnecRiSARY lipitations gre tonke srdgipped dferefiqm. Yooy chapgdsesant g made in the

' . . i.S..di I r el d
e RSN, PRAS R ES! Sl SO Th o scop o
the rosehs ifvetitidohshould adtebel 1ased b theskadilidstaily amnd a@etures described herein,

however, is the need for one extra pad per bit on the
but iRthepby e sipehires degcikpddtyghafangrags: afvee daimpminddae gayyalents of those
struddi€s Present invention, the article is read by a

connectabl e reader that it connectable to the article

and renovabl e therefromafter reading. The reader is

thus connectable to a plurality of subsequent articles

to subsequently interrogate a plurality of articles

one after the other. The article of the present

i nvention gives several advantages. First, the

ti me/tenperature degradation is recordable at each

transaction point in the |ogistics chain where the 1D

of the product would be interrogated using RFID

readers. It is possible to | ocate, reasonably

accurately, where a tenperature transgression

occurred. This provides detailed information for

I nsurance clains and actions to be taken for

i nprovenent of the transportation of goods. Secondly,

the articles of the present invention are advant ageous

in conparison to conventional tine/tenperature

i ndi cators. Standard visual indicators are based on

chem cal processes that have a poor accuracy and poor

correlation with the nonitored article. Standard

alternatives are electronic devices. However, those

require el ectronic displays, such as LCD, to give a

vi sual indication. Such products are nuch nore

expensi ve, heavy, prone to danage, and require an
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S

el ectrical power supply. Finally, if SmartCard
i ndicators are considered, the preferred absence of a

whaib®8%630 n articles in accordance with the i nREEPING/010738

of fers particul ar advantages. In a Smart Card
indicator, the required battery significantly

i ncreases cost and nmakes it _djifficult to neet |ISO
standards forcard thi cknes%g a battery al so
means that the nonitoring tine span potential of the
product is limted by battery capacitance. The present
i nViandriidle chaprisingr been descri bed with reference to
sever errbo(ﬂl nments thereof. The foregoing detailed
de§éP6ﬁ?W%ﬁn as been given for clarity of

undgef,§h aBpirR@d TRinY -thdNQuB4RRRCGRS AL vt 6f3thé %&%cl@%ﬁaﬂl@s the fluid to
be understood therefrom Many changes can be nade in

t heortatiothe nwibstsatelekhe rubsithtovibeingusuct epair thie rfdpifl raam miggate along said

scopge the i ventlo Thus. the scope of the present

> SRRl A arats PR R (Rt o Mg P Rt Pl o

andaigt 38k Helsy Eﬁéﬂlﬂaﬁ PrdVetifs B.méidtrabRiVigiablRYelédtBcal characteristic,

structures described by the | anguage of the clains and

t héaléqwhﬂlémbgm@f int qeareepandenget with Shoprass jof the fluid as it migrates

art c ing: a substrate; and a fluid separated
ai%ﬁﬁgagﬁg&égate until activation of the article

enables the fluid to contact the substrate; the

substrate being such that the fluid can nlgrate a
T

sa.Talesaﬁbfé% pheleimd. wheminthespbiidnhbasshmiqrasasued swfﬁ@e that defines
[

pr : ﬁl\gﬂgﬁgf (?é#éﬁxé%? ?igﬁdséa?(\[/ gérlflea it) Bl {h% éﬁ%?%%ﬁ%gn&&{ce with the progress of

chalneaﬂmdrassttmxgratssaaldng/ﬁlelchmmlst y being in

correspondence with the progress of the fluid as it

m grates along the substrate. 2. The article of claim

1, ™RenBER d8aipi ISy Blafin M SyRrEh Che Rk MabI" hable characteristic is

surface that defines a plurality of channels, the said

v archpdsithidey alpEdmepnidnctonlyr esjjomddiage with the progress

of the fluid as it mgrates along the channels. 3. The

article of claim1 or claim2, wherein the neasurable

varinahh€cls araagtdne ot tthe te%e&&ﬁ@%@dﬁ@nﬁl@bhma&ﬁﬁﬁﬁsmg a conductive layer

conduct|V|ty, and/ or voltage. 4. The article of any
ondoagfedt ashacontciodhid syfack af he, sub&tratmmbec@mpacmsln hythe fluid as it migrates
conduct

ong the ghaln?lgls of the substrate.

The article of claim 4, wherein the fluid is a conductive/electrolytic fluid and forms part
of a resistor/power source for which the conductive layer provides one electrode,
whereby the resistance/voltage of the resistor/power source varies with the progress of

the fluid as it migrates along the substrate.

6. The article of claim 5, wherein the conductive layer also provides the counter-electrode

of the resistor/power source.

7. The article of claim 2, wherein the fluid is a conductive/electrolytic fluid and forms part

of a resistor/power source for which the conductive layer provides one electrode,
whereby the resistance/voltage of the resistor/power source varies with the progress of

the fluid as it migrates along the substrate.
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| ocat ed adjacent to the surface of the substrate to be
contacted by the fluid as it mgrates along the

W@ bh@ansle30 of t he substrate. 5. The article of PCHEM0MS/010738

10.

11.

12.

13.

14.

15.

16.

wherein the fluid is a conddctive/electrolytic fluid

and forns part of a resistor/power source for which

the conductive | ayer provides one el ectrode, whereby

t herhe aiickd 8naginy 9! fudder &mpriend £8bbuefilPaYMRing PRURE Bottom area only
varies with the progress of the fluid as it mgrates

al ehferchannslfyotpraxide the comifer-eleetiadesf dlie wshiajonpsyer source.

wherein the conductive |ayer also provides the

counter-el ectrode of the resistor/power source. 7. The

ar Thelagtiodd of hidy Bhe of WaBheil o BheurtledicBmipSisidg an insulating layer located
conductive/electrolgtic fluid and forns part of a

r eddigeedt i Bwesurigeriplde substiphy ©hbe ¢rntastnddese theilnid ag érmigrates along
r Qi e, el S| nce e .
oF B 85ub sl PELINEC OB AL IRSHSRREIYE) EER oo s

of tHelff luid as it mgrates along the substrate.8. The

article of claim7, further conprising a conductive
coating on the bottomarea only of the channels to

Pr @¥b dRicld st GAHNS, SFLichdif Bl A8 i0f afelieulSBlig %R(%f({}gl\ég)raﬂ of a capacitor

source. 9. The artlcﬁé g¥ any one o? clalns
f ufdarhehick dnpeorsinntivealayémmobides nge blayeode, odatebs the capacitance of the

adj acent to the surface of _the substrate to be

c ot s b Th BIOATCSSOf e gt 38 U GRish glopg he substrate
substrate, and a conductive |ayer adjacent to the

insulating |ayer on the other side thereof. 10. The

ar The puictsf ofgflaiiom @ whetear tercondhective daydr plso aradidels ¢l equmter-electrode
qu'@land forms part of a capacitor for which the

coﬂ% SfﬂWgupﬁyer provi des one el ectrode, whereby the
capacitance of the capacitor varies with the progress

of the fluid as it rriﬁrates al ong the substrate. 11.
Théheattide ef staim 2 fyrther, corppnisng an hesubasingUsydrviecited edjacent to the
al LQMi couynt er - el ect r ode. of the capacitor.

1o SBRE W RO BT R 8 AR e subsimate,

i nsnd atomimclieyByed H¢Rbedoalk i@@tﬁ@ﬁn%ﬁyéﬂtﬁx_ B bfha€ sidethereof.
the substrate to be contacted by the fluid as it

m grates along the substrate, and a conductive |ayer

adirfe il st | R§U ' a n, ty . . Si

t hereo .C 13. #ﬁéﬂ g\?’t @%ﬂgﬂgﬁec?lg{dmgﬁ ,d@eqvﬁcg%lgi%r]}m? ﬁgg forms part of a

f | capeciter dodivehiekt the ¢ corlductivandydroprs/ider bnef electrode, whereby the
capacitance of the capacitor varies with the progress of the fluid as it migrates along the

substrate.

The article of claim 13, further comprising a conductive coating on the channels to

provide the counter-electrode of the capacitor.

The article of claim 6 or 11, wherein the conductive layer is patterned to provide two

separate, interleaved, portions each of which forms one of the electrodes.

The article of claim 6 or 11, wherein the conductive layer is patterned to provide a

plurality of counter-electrodes associated with the said one electrode; which counter
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capaci tor for which the conductive |ayer provides one
el ectrode, whereby the capacitance of the capacitor

W 2006037690 t h t he progress of the fluid as it nPQI/BEP®S5/010738

17.

18.

19.

21.

22,

23.

24.

25.

26.

al ong the substrate. 14. The article of claim 13,

further conprising a conductive coatin nth o
chEITEPAS BE BFRESH4S PREOTLELIR BICoETOElY BUeig fiit migrates along the
capapdtia@y.. 15. The article of claim6 or 11, wherein

the conductive |layer is patterned to provide two

separate, interleaved, portions each of which forns

on f_ I | ectrodes,, 16. The,article of claimg or .
71 Tt hah R BN 8o ersilyof bhfisTiyP dpsfadt Balleia to provide o
pr evirdletyaofpdlevtided ¥ssodiael Untieieedatt E61R@e el &59a6, WhieH electrodes are
with the said one el ectrode; which counterel ectrodes

ar @rgpgeshigels eantastedemseassively sudedbnd welitymigrates alopg (heichannels of
as t]ﬂés@é@éﬁt@t es along the substrate. 17. The article of

claim8 or 14, wherein the conductive layer is

patterned to provide a plurality of electrodes

associated with the said counter-electrode, which

el dderdglids ohckim G andbavheemdthe sanduativg coplerteisshajtemgd to provide a
by bt ot icfec - | - i
ouBLiFLY e Soyifpeloolbli2 o fOnaut I SFPRPRcbad Which counter
t helectondiscire weangedtto bg coistagied texasivel by theviidé agit migrates along the
pl ural i gy oﬁ (:U%unt er-el ectrodes associated with the

sai*BeBFE o RLYPSEYE: whi ch counterel ectrodes are

arranged to be contacted successively by the fluid as

it mgrates along the channels of the substrate. 19.

Thdharartide ef efiy ang obelaim$é 1ctbad, ferthert anByrisingr 4 pecessor for processing

B . rtnyising 8 peesso
var A B LTS Bl SharbPERRE. 20 The articl e of

claim 19, wherein the processor is operatively
connected to a radi ofrequency device. 21. The article

- of TAgyartiele &ff claine 19r edettiim ghe Pedogssor vib @peiati velliecohhedtetl to a radio-

IS fromthe group of viscous fluids,
Vi sﬁie lé?“%é’t%?gwﬁ ui ds and conbi nati ons thereof. 22. The

article of claim21l, wherein the viscosity of the
fluid is tenperature dependent. 23. The article of any

ond bgrariiqla jofnany opg of the preseding clayms.avhereingthe $luid {5 spdacted from the

group of viscous fluids, viscoelastic fluids and combinations thereof.
The article of claim 21, wherein the viscosity of the fluid is temperature dependent.
The article of any one of claims 1 to 21, wherein the article is a timer.

The article of any one of claims 1 to 22, wherein the article is a time/temperature

indicator.
Combination of the article of any of claims 1 to 22 with an RFID reader.
Combination of the article of any of claims 1 to 22 with a product to which said article

is attached, and wherein the article provides information regarding the time or time-

temperature history of the product.
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24. The article of any one of clains 1 to 22, wherein
the article is a tinme/tenperature indicator. 25.

w@0vbiosssé on of the article of any of clains 1PCDERD05/010738

27.

28.

29.

with an RFID reader. 26. Céhbination of the article of

any of clains 1 to 22 with a product to which said

article is attached, and wherein the article provides

I NVRSRGY b PndBGAhE tRE ckpSsuld BE afrartibldBbeRRRh 3nUllicator is attached,
hi story of the product.27. Method of nonitoring the
exposprigingthegteparofi cl e to which an indicator is

attached,. conpr.i si the steps of: .a) reading a Cq e
me il r St e Vs SRR Bhec b o foes by sgia indicator
by sai ghdntigoddivaieposmdoei ng activated; and b)

processing the read measurabl e variable electrical, _
chh} acPeesssingctheorepd gygagurable wariablg elestsicel Fharagepyisyice provide an
characteri.sti e t .0f claim27, wherein

step (%r)?mf.eéstpﬁgpf’ %?%Qesgﬁu%@ﬁaﬁtég%u FED device. 29. The

nmet hod of claim 27, wherein said indicator is an

article accordi,ngzto any of clains 1 to 24. .
The method of claim™27, wherein step (a) is performed using an RFID device.

The method of claim 27, wherein said indicator is an article according to any of claims 1

to 24.



