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BAGKGRQWND OF THE INVENTION 1. Field of the inventigp4RQ34¢ERe1101

present invention relates to sensors that detect the presence or
concentration of a 'Bartlcular suhstance usm%a radiant source

phdtodete ctoFa i %?@atgp%gl}é@g RV A o pticat ‘¥ oprIcar

characteristic that is affected by the presence of the substance. Such
sensors are referred to herein as "optical sensors.” in one aspect, the

present invention relat%%sg %%[ggw%gqﬂ{@ tg{%%%f]e 1gxtendlng the

useful life of optical sensors IScussion o ac ground [002] U.S.

Pat. Nor 5,537 531 3,1tbesdiselosuse of which .is incorporated herein by
reference, describes a sensing device comprising a radiant source (e.g.,

alligtitiemittingheligae s hE Divadrescend Irdieatarometecdes, ahdta
photaelectric transdugcer (§.9- cemwm@mpla@t%rgg%%m

photomultiplier, or other photodetector). The sensi é%gldewce may also

n?éiﬁaéaélﬁ?gr‘rlﬁ%@% G BatpEds %ﬁie‘fc%roﬁdﬁf‘é’ﬁé’ h§CirPthé*Eontext of
tHeditich of theopresentsnvemtion dmirdicaternmdiedulels samotedideic

haying epe.qrmore pRtical gharacteristics that are affected by thelogal

presence of a particular substance. U.S. Pat. No. 6,330,464, the
dREIGSER BF FHTEH R irRdrpBratedc Heréf ?Péfe?@ﬂcé"&%%rc‘fescnﬁé’s an®
optisakbasedsensingntevices 03} n-tke: tewicecacoorting tahESnedtods
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2. Discussion of the Background

[0602] ~ U.8. Pat. No. 5,517,313, the disclosure of which
is incorporated herein by reference, describes a sensing
device compriging a radiant source {(e.g., a light-emitting
diode - “*LED"}, flucrescent indicator mclecules, and a
photoelectric transducer (e.g.;, a photodiode,
phototransistor, photomultiplier, or other photodetector).
The sensing device may also include a high-pass or bandpass
Filter. Broadly speaking, in the context of the field of the
present invention, an indicator molecule is a melecule
having one or more optical characteristics that are affscted
by the logal presence of a particular substence. U.S. Pat.
No. 6,330,464, the disclosure cf which is incorporated
herein.by reference, also describes an optical-based sensing

device.

[003] In the device according tc U.8. Pabt. No.
5,517,313, the radiant =source (a.k.a., the “*light” source)}
ig positiened such that radiation (e.g., visible light or

other wavelengths of electromagnetic waves) emitted by the



is positioned such that radiation (e.g., visible light or other wavelengths of
electromagnetic waves) emitted by the 1 WO 2005/106435

WET452Q85/014101 radiant source strikes the fluorescent ieigaiafis/ 14101
molecules, thereby causing the indicator molecules to fluoresce. The

high-pass filter.is_canfigured to allow th iation. emitted by the indicator
m%l%lgﬁ%s #og%ggh ?%égl L[i)(ﬁgtoe gcﬁ%ﬁ?géggl%gr Wﬁﬁg?ﬁteﬁ%mgétecufes’
SERREFEY RNEROM ffoMR thedigi SOuUrBe: 04 Shhé flubtesterfesof thge
indigatg=meladiulesrempleyadigthedardce is spditlatech . ratignuated
oL.gutagead) bydhe.lqcalpresence.of8 harigular sybsigce. For
example, thé orange-red fluorescence of the comp?ex

At RiipRERyRL ERpRenanthidihesrithehRiag pefciieraeased
attenuated:byrthanlocad presence @kexygen. Therefore, this complex can
be used as the indicator molecule in an oxygen sensor. Indicator
ndetliles wHose flispesceneeprofeitits ardaffatted byieriolssother

suhstances are knevanas welk Fuitharmeds indicator Jpelaculieswhich

absorb Iigh ,\gith e Iﬁvel (11‘ absorption being affected PX the presence
ernhanc ? 6% the o%a gr@s nce oL a pﬁrtﬁgu x'fu_stanc .
of concentration éf'a particular sibstance, are also known. For example,

St Pestantd e, 5 2d8atius distdo SUrc b @ideir s inEokperatethlex
referanee 7 discloses,compasitions yyhese spaetral rasponsesr are
attenuh ed by the Ioc&l__gres n egf p&lg/h)ﬁdroxxl compounds guch as
3885?5&[66% Advartagesusiy” thephotoeletific transaucer Slenantor
thédevfceris chhfiguedinplentpiar bigrisafatss Bhincwd¥anstion of the

amawtaflight ingidentdbgreQihecyr . Indicator molecules whose
fluorescence properties are affected by various other
substances are known as well. Furthermore, indicator
melecules which absorb light, with the level of absorption
being affected by the presence or concentration of a
particular substance, are also known. For example, U.5. Pat,.
No. 5,512,246, the discliosure of which is incorporated by
reference, discloses compositions whose spectrai responses
are attenuated by the local presence of polyvhydroxyl .

conmpounds such as sugars.

[005] Advantageously, the photoelectric transducer
element of the device is configured to cutput a signal that
18 a known function of the amount of light incident thereon.
Thus, because the high-pass filter allows only the light
from the indicator molecules to reach the photosensitive
aelement, the photoelectric transducer cutputs a signal that
is a function of the amount of light coming £rom the
indicator molecules. 2And because the amount of light coming
from the indicator molecules is a function of the

concentration of the local substance, the signal outputted



Thus, because the high-pass filter allows only the light from the indicator
molecules to reach the photosensitive element, the photoelectric

Yansduesnautputs a signal that is a function of the amount efHght»q0s/014101
coming from the indicator molecules. And because the amount of light

coming from the indicator molecules is a function of the concentration of

R 1088 RIBEIEREE e Sighafotitpied PO 208116658 to Pe
PCIEA452006/014 10l hyotheephotoelectricttrahsdloentanlies calibratedto

bey indigative of the congentration of the local substance. I this,Manpgr..

one can detect the presence or concentration of a particular substance.

[@Oéﬂa@%"ﬁ&&?éu &*fﬁﬁﬁfb'e in commercializing such optical sensors as
the gae descrbed above 15 19 proyide [or, & ysefulpariod.ofshalf and/or,

operational lifetime. The standard electronic components commonly used
iPBLER3e TS Ve BIsERT ITBENRSHHICTN 8ROVEdiRG 1O yearybte. for
mores afhichhisradaquatesios mosh agmmereiabproshicts 1 Heweves, thahe

cg QA&%&%@@@&@@P&%@& these byl SS%%&{&&%% 08 NIICAU, sonsors
molecules) must also support extended ifetime product stability in order
t AicettheiyractichfEAtedm SV RsiAmefcritRAt.80%P Urtskanatefore:

light catalyz ediexidatione @isacter medphpta-okigdation ot phatehleachinghe
is S n, phot i% reacti ogc ith many indigator
e i, A Loty o

parsthAsF RiciBeefatefonGiRST eleremrigPeicerersyeanditeirbhss
eleveded toarniexcited eregpastatecWhileincthe exeited skatecti®eria of

commercial utility.

[007] Unfortunately, light catalyzed oxidation ({alsc
termed photo-oxidation or photobleaching) is a common
photochemical reaction that occurs with many indicator
molecules, In this reaction, when an indicator molecule is
.excited by a particular incident wavelength of
electromagnetic energy, an electron iz elevated to an
excited energy state. While in the excited state, the
molecule can (and does) undergo a reaction with ambient
oxygen that results in an irreversible addition of oxygen to
the molecular structure of the molecule. The oxidized
product species is typically no longer fluorescent, and

therefore no longer useful.

[c08] When the molecule is in this “non-functioning”
state, the molecule is said to be photobleached. A typical
half 1life for this photobleaching reaction is on the order
of hours. An example of an indicator molecule that becomes
photobleached within hours is anthracene (the photo-oxidized

product, anthracuinone, is not fluorescent}.



molecule can (and does) undergo a reaction with ambient oxygen that
results in an irreversible addition of oxygen to the molecular structure of
the molecule. The oxidized product species is typically no longer
[069] fluorescentcasd therefoleaso Thrgescesefuld]008] \Wiodrihe molecabteripdnent to

recogifUe AAANEEUOCHORING, JIALE. Ihe MAleghle 5931d 1 Re PRAIORIEACHSdnfed in its

typical half life for this photobleaching reaction is on the order of hours.

useful AHecls thp iecaradatingisador e inssthas vaabrieseh b RERS g iy photo-
oxidatl@ISTEeANRIBEROE e RIterRxidiZedPEpHUSt RRIBrAgNRAR SBHAL lifetimes
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microelectronic components of an optical sensor may have-useful
lifetimes exceeding 10 years, whereas the half-life of the important

[061 ¢jndicatorgResmist!y LORHIOBRNRES MAY @SOS SldaykERIE mismatches in
in%%rﬂ atjbilitg/ in component.op?rat_lona lifetime yltimately limits a
oMb A& SPTOTRAT SRRiE Bt RbRXtLP stry. [0010]

Therefore, a need exists to compensate for these extreme mismatches in
component lifetime t %@W i ﬁg}t I%’ﬁh products.
SUMMARY OF THE%N N[00 mbodiments of the present
invention seek to provide systems and methods that overcome the above

[001 1nentioneghand;pihias disagvaniagesafdheaxisindAf:df8d Ikma Hift methods

aspect of the invention, there is provided a method for increasing the
that OYigxsiome %%ﬁbsasﬁ&?@é%@%iﬁt&mﬁisaéﬁ%%ewﬁ PSS HBain data

regarding the presence or concentration of a substance within an area,

6011 hgrein ff?% %’&C@ %%E 3P EHQ ﬁﬂ%ﬁﬁ g) Hi'?r'g ‘Filgorrgnv%%ﬁuI%e%?&%%rairﬁcraasing the
o optical ¢ aracterls cthatis a ectedo_ i/t_e pre}gence ofathe substance
lifetingh @f{innaceiehah sewiptcthath avirst st vonih s oirde e iutlizibigithd dptieghrding the

preseR@NSOLoaeBHigMieH 50 Ahabibsdutyiavelanhibe \arlianh SALIGRHIS.0@ALeF includes
(1) in&ﬂ:%?o? Z?o gg{lﬁagshgqr%?glagoggtical characteristic that is affected by the presence of the
substance and (i1) a radiant source, the method comprising: (a) utilizing the optical sensor
configured so that the duty cycle of the radiant source 1s greater than 0% but less than 100%
during the period of time when the optical sensor is active; (b) positioning the optical sensor
at a location within the area; (¢) activating the optical sensor for a period of 7 amount of time
after performing step (b), wherein 7 is greater than 0; (d) operating the radiant source so that
the duty cycle of the radiant source is greater than (% but less than 100% during said 7
amount of time when the optical sensor is active; and (e) de-activating the optical sensor after

said Z amount of time has elapsed, wherein 7 is determined prior to activating the optical

5Ensor.

[60611b] In a second aspect of the invention, there is provided a method for increasing
the useful lifetime of an optical sensor that provides data regarding the presence or
concentration of a substance within an area, wherein the optical sensor includes (i) indicator

molecules having an optical characteristic that is affected by the presence of the substance,



during the period of time when the optical sensor is active; (b) positioning
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_amount of time when the optical sensor IS active; an de-activating t
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range GRI@rRHORE RIORIAACHNatngHRe ORiealSengin@0 TN aiseaanthing a first
aspect of the invention, there is provided a method.for. increasin th? .

meas RRRT RSN P ARG SR SRS B IOB AR /GG A heeTorming step

(¢): (eprdBENCampwoRtemabonctiacssubstancepwithinapateanahendinile the sensor
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not OWRHIESHITEERIY NAvESTHotbteReEtbe, EanenBd coPrbEsisg: saihat the radiant
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there y cing the sensor In an acti state, (C) arter per rming s ep ,
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elapse@@gl%eagtgg'?c '%9%&?381&%%“& W'%@l@t%%@%@% Egkuﬁmee g% s(tgge the radiant
obtaining a first measurement from an output of said photodetector at .
sourcsgipaiisaisdinstinibaaftde prdbimingusp SERYS) alkerymaeisiist ofdisfe having a
frequdiR§ %ﬂﬁﬁ@qa$sﬂ@@-@&%pﬁ(@ady§c§%ﬂgéraﬁg apcivphile ISSaNROLIBSIINIMN certain

.an active state, utilizing the radijant source configured so that the radjant
ampil@@ﬁré@&%e‘é’aﬁﬁ’é?ﬂ% poteRaLET GRS HhiZing five PhLREHRE @ second
measigonroe Goniignradsoe diabithphadibntcsourceroirtpois: élegine mdgnetitorming step

) ' I hat is,less than the lowest frequency of sai ]
O O B R P I T e sencr

i1s in thevpesy ampliide ishedier cadiam sampsitgaaiiamge; s el iZingdfmrsgurce does not

outpuB@18RiRh e hasvelapsedisinge Biemgawas Rerformed.And while thee radiant
sensor is in the active state, the radiant source configured so that the

souree A BIARTS ofitcd BTRPRREUSI St AHENE WalEgUtatind™d ! e qisehdyfabithi lowest
frequesaid eattaindié quenicyfrangaeend daving/anamiplitutd empliinisaldiceriain than the
litude range., wherein X.is greater than zero and greater than Y; (9).. .
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deactiggiie peirfelsenadieifte ApeHdrmitigeter (Rptailaiterr Amartief thaeX.
has elapsed since step (f) was performed and while the sensor

[06011c] In a third aspect of the invention, there is provided an optical semsor,
comprising: indicator moilecules having an optical characteristic that is affected by the
presence of a substance; a light source; and a duty cycle controller configured to repeatedly
turn on the light source for an amount of time and then turn it off for an amount of time while
the optical sensor is being utilized to sense the presence or concentration of the substance;
and an interface, coupled to the duty cycle controller, to enable a user to configure the duty

cycle controller.

[6011d] In a fourth aspect of the invention, there is provided an optical sensor.

comprising: indicator molecules having an optical characteristic that is affected by the

da



is in the active state, utilizing the radiant source configured so that the

radl tso rce does tou utelectro netic. waves or |I|2|n the
preser it SOUTEB Corih g R CH R O ARt SO0 BUIpi O the ligh
sourceefectn mgmﬁtmfmaﬂdathﬂg tarftmgwérméﬁ/ finatisadessuthaf tinee lowdstthe optical
sensor, | r%%'& yu‘tﬂﬁQHEi 5 &%réatﬁe ugney fange andiarhaying,anaropliude, g an

hat |s s than the lowest a |tude within said certain amplitude range,
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[Oﬁlléﬂne hag,elapsegh va!at%a Lfs geeatektian XdQelkR] e thid asp@gﬁml sensor,
e invention, ther ded an optlcal emsotr, Com ng. indicator,

comp o R I B Oy T A e I Seiichy the

presenof acdubstahseneelightigdurcepand thadutyioyclewcontraier dbonfiguredito indicator
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or an amount of time while the optlca ensor is being utilize
and a geqitectbleprateorbuEEbifcedtieriBF TEnsTalIstahtr infigate Infderades.
coupled to the duty cycle controller, to enable a user to configure the duty

cycle controller. [0011d] a fourth asp ct of the inyention, ther
100318 6idedBA %ﬁtﬁ’cﬁt@éﬁ@ 8|&P6?Y+%ﬁ§8dt&§£}?§\f%1%ﬁeasmg the
usefuldmtmah@haracmm ﬁaat;o& aftecténl they theckd presencelofs sufistamceldecules
havm%%gt a(%gé 8}}@%%§tf0ra{§g&%§ &%e%@érb? LB c% fz%d a light

ount }fltlme an then turnlng ito OI‘ a amqunt oh%]ne W
sourcifsicaicisiagdor imdemer unlilasyles. sbpsecthecdorervritensi E@ﬁ&éﬁﬁﬂaﬁmﬂ% sensor

at a ]&E‘%@HQ&%%@Q@Q%MH@%%@%HQ@ ferdhn cantrolamneans iﬂe&ﬂﬁ@ﬁ sensor

a user to confﬁgure the control means ! In a fifth aﬁpe T of th

and. ajnlasiiH the ltgcbta}raédfaﬂfaﬁt*@&t%ﬁs SCOMprRSHE” iRbig e etermined Z
amommetaaule&k\ammtha opticahchalactéristic ﬂmtrmaaftaeteaj ydterpieseicenount

of ttme & erl%StaSrflce’Icas “%“Itt WA that O\QJ%nt e gdmonrtls 5|£ug%%t%ss %'ﬂgc{: % Sk each
molecules; a photo ctric trans ucer that receives light emitted fro
of thejntlientviorneletule strariy anesolitig: elerennésnfigure e reeifselergid Z amount

of tinfeMpsHaturg.ethe indicatommelrculies.n A0 L1 filn asbiiasRachRidbes are not

invention, there Is provided a method for increasing the useful lifetime, of ;
excﬂegrmpﬁcaaééér%anwatﬁws optiE 8dhs ol BT R rABfeEls il
amoutawing-an iopticabsharacietistesthaits aiﬁfﬁﬁted fantheipresensitidhthesecond time

perloas ?ance an df’% ngeht? Sl r%e for e?cmtng o é@gigg 1%; noql?ncoltleﬁt ﬂte{ amount of
et comprising acmg he optical sensor a ocation within

time, aﬁewantfmthgﬁﬁ@mﬁt@aﬂ Sensox: taﬁéh@@timﬁ@lmémpmam@ﬂ@drﬁom cach of

the other two points in time by more than Y amount of time.

{6012} In example embodiments, there is provided a method for increasing the useful
lifetime of an optical sensor that, when activated, is configured to obtain data regarding the
presence or concentration of a substance within a certain area at least once every X amount
of time (e.g., seconds, minutes, hours) for 2 continuous period of time. The method includes
the steps of: (a) configuring the optical sensor so that the duty cycle of the radiant source is
greater than 0% but less than 100% during the period of time when the optical sensor 1s
active; (b) positioning the optical sensor at a location within the area; (¢) activating the
optical sensor for a period of Z amount of time after performing step (b), wherein 7 15

. greater than 0; (d) operating the radiant source so that the duty cycle of the

4b



and at least three distinct points in time within a first time period of a
predetermined Z amount of time, exciting the indicator molecules for not
radxanﬁ%[ﬁd@@ﬁ“g’?e@ﬁf@dﬁi&{m%%‘mmmt10()%1*&&%&%&@]@%1@@&3@' i ﬁﬂ%@when the

nd each of the thr ints jn time s se ted from.ea the ot
optice TNy FHFE R P L S BT e A time has
elapsedmount of time having elapsed, operating the optical sensor so that the
indicator molecules are not excited for at least W amount of time, wherein
the W is greater than 2Z; and after said W amount of time has elapsed
[0013hnd at |EHsPRSFEERESHRSERIBS ARG mhf?nah%@d@mrﬁ#ﬁ%ms&%% e ndicator
molecBIMOUNHRS HpiRaEXEHIDE dhebdicatammeleeasdeninl BIfeIRAR Keriod of time
during ugnt of time, wherein #15 less than Z nd each o%the t £ gtain di
uring;ihiqh B sonietfraf B & 8&%‘3? BBEHRTS IRSHSE B@ thgppcicator
molecYl@amodinheofetimeanfoek2d the exafwpleodneb bdinoé s, tivdrel mm@mded a
method for increasing the useful lifetime of an optical sensor that, when

activated, is configured to obtain data regarding the presence or
[0014EoncentiatRyaBpls SupRedHBensIthG ehedidcirnsanting tinseclidifesme of an

optica®DQKBE BEHIMR{(8dds S8CORMASIMBUIRS, ﬂl@%ﬁ&é%@d&@@ﬂﬁﬂ?@npgf@ds%stame

i time. The method includes the steg Bllﬁl %) co gurln%the optl | sensor |
withinggn At WO G OB R RSP PSBIFEe 14 ! ‘@ Ater 81&?53/350 Yiliggan optica
charadieaintitO0%b ﬂwfﬁg:t_mbmeﬂm(tmm:me aihen thiesepiical isensadim aotive gb)l (1i1) a
photo:%qgc ”'”:inha‘% %‘C%{E}%”&?r L9GaHAR %‘{5&&@& e &i“;luff‘ ﬁ"’ﬁ‘tlﬂg arca; (b)

opfical sensor perio Z amount of time after performing step
activa(is)e Wiseiiprz idegrbatelathag fé}e (EPeperaigiie ¢ dweit Soafte serfaming step
(b), céhﬁ@ﬂiﬂgﬁﬂ%@&hﬁ?@ &M@@@]{ﬁ@%@%&%@@tﬁ&ée%&(ﬁm&@ﬁﬁﬂ@@wm waves
. 100% during the Z amount of time when the ogptical sensor is active; and
havingd i %qﬁ?ffﬁﬁaf“ﬂg%é Bt %8%%%&@?%@‘2? gﬂwdﬁ%ﬁﬁf—‘fﬁﬁ 5t within a certain
amplieldpsead0013dbByrine rating ﬂﬂﬁa&aﬁsﬁér&Cﬁﬁrdlﬂg tauthet aliae isiventivector at
method the A dlcat molec Ie g:)e % ycfal sens
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{c) whperithmedethe dvihtee Hsesareusefiillifa ohtietindictats: enofeculag dpl radiant
sourcd&'eRY: iRCeases hnuselubripduriiie akthe ARUsalisanseLs [00ddkiiring the

example embodiments, the method for increasing the useful lifetime of an

fadw%ﬁﬁc‘:‘é?%éﬁéé?tt%‘% Bt U RRATIRG THETBREREHE S8 TotEEatigR A ency
that is0bes shipsthatewedtiiagmerareas tberein the optical sensor includes (i)
indicator molecules having an optical



characteristic that is affected by the presence of the substance, (ii) a
radiant source and (iii) a photodetector, includes the steps of (a)
positioning the sensor in a location in the area; (b) activating the sensor,

. thereby placing the sensor.in an active s atﬁa;ﬂgq) after performjng step (b),
certain SRRYERNGTIRE TAAHAT 8Bt L AMRUHET SRt ?&aﬂgé%mﬁi?w amplitude of
the cegléntiomigde tenyeaves chafiingiadrefiueRoyhwitiinod Kerdinsfebgseteince step (¢)
wes plAIASANGAGYING A0 ameliuds wihing cerlain ampllde 18006, @ e ragian:

obtaining a first measurement from an ougput of the pan odetector at'
sourcesphiUFoRRaIcINAEnEiicr pErs marig Stee@)ete) afdny hmeentaipfitrneches range
and h@laRsed SRaSIERIRYvas ReHarmedhandiwhile.the sensarisistitddi@nthan zero

active state, confi‘g);éuring the radiant source so that the radiant source _
and eiggss HBPolidet BREREIA LT ERE WGBS BT ATRfiGoRAT R PR RA M S BlptRdetector
at sons®thatt thetiadiafitspurtaaitpuiseldntiphagnetiervavesobavistane has elapsed
. frequency_ that js less than the.lowest frequency of the 5 certain frequenc
since R e et e e e A e o
radlanﬂwéceéﬂ%lir_scarﬂpﬁtdbe repdint (aoatigdeiy ,rm‘ft_eﬁmcﬂlﬁﬂttﬁlﬁmdﬁias Waves or
configtlBpSeHlSInLRSIeR(FLen@s pRffermeshang Whiledng SRS okt i metic waves

. actiye state, the radiant source so that the radiant, source outputs
having @ SiFgHeagh AR Waliss Raify d v Eseysathi theclrR Ry feAegncy range
and/or aage ganchhyinglathampldud@mithinl the: oestapliapliiibe ogertain amplitude
rangewwqggr%gg § g r%%%% t&an zero and greater than Y; (g) obtaining a second

‘measurement fron an output of the photodetector at some point in time
after performing step (f); and (h) after N amount of time has elapsed since

[o015%tep () wag periarmed apdahilsthe semsar 18 i dhe aciveS|Le than or squal to

configuring the radiart source so that the radiant source does not outpu
X2, RyRrothagnbtic R epr dstigURRngrireTNaimtueshiids saiRat tRurce 1s "umed
of " radiantadisee Qeinedsce] eeteo agoaticndives draningpRdlRpuensy Wl itus, the
... _less than the lowest frequency within the certain frequency range .and/or .
e e A0 T T i e emsor is
activecgreadiainplinsie tenfé& ofhibediniNatansiticahX. 10015]

Advantageously, in the above method Y and N may be less than or equal

to X/2. By operating the sensor according to_the inventive method, the

[0016]5 diant dEuFEa T FRBAC RS difsRARS fopardaasiiBepetaekifetime of an
opticdleaeings efdhephatodetastaciand staus, theniindigator molrBulesiaf thesence or

ogti al sensor are not co%inuousl iIIumi]nat d while the sensor IS acfli}ze,
eoneeniration O:f a Subs & V%l IP ﬁll‘l 8& a{ Casl Once every amount of time for a
ereby increasing the lire of the indicator molecules.

continuous 7 amount of time,



[0016] In example embodiments, the method for increasing the useful
lifetime of an optical sensor that, when in an active state, obtains data
regarding the presence or concentration of a substance within an area at
wherelpdlst opteabsaryoXinghalastiofiner fookecotrtirmons 4 aptoahtbitinteriBic that is
affectdlie{dhs efical s;ensordnaludes ingicatermoleculesBpving Ak oplica dicator
characteristic that is affected by the presence of the substance and a light
molecylgrdbtiexBItint B indiasiBe HoRtiTEsSsAnaEs IRetp & Bhip Hgsgea: and
excitithelRpHgalsense &t deleatiprowitRindbendseaiandy exaiing traindigaliie the 7
~molecules Iorat | of not mare than Y amount of time during the Z
amoun FriRE ol ?ﬁ?glf\;jﬁésriffﬁs\}i’fgl%SS than Z. [0017] In example embodiments,
there is provided an optical sensor having a duty cycle controller that is

[oo17FoNfigurgd to.cantrol the Gl ey Cli.of ‘i'é’;:. Qﬁ@&'%@ﬁ!&%ﬁ%‘ﬁ&&- Bl¥ing a duty
h ia ro

reducing the duty cycle of the sensor's r nt source from 100% to some

cycle prigaHendhe i sanilepndariagaes the fyas ol WresnHs sepligpigource. By
cucagtietathos umeiaiveiloriaiian. il iop ncoates melequee ks

o reauce ,t_e epy.reducl t rate of photo-oxidation and, fhus, . ..
L00% R i HRER GV B A0 SToR IS o8 A minetion
time oénﬁeddﬁ'rwtu:snthbmﬂsspm}\l{iUedeéncmitid&lrsbmsecﬁt@v{gﬂ@cam@oﬁﬁghoto-oxidation
and, FUENEHICHIEA 1D JONET 105 SPBEIA5, 1 fhe indicator molecules,

Lowering thé températu the indicator molecules reduces the rate of
photo-oxidation, and, thus, increases the useful life of the indicator

[6o18nolecules JQRASL e rmplaerRadinenis:dbers isgravidada methed: cooling

for determinin maximum duty cycle for a light source of an optical .
systen i o BB BTEnt PRCHo e T SrBLeBt Ty Lowering the
tempecantiudusly expaesing imdicatde:meldeulesiio light emitteckdfrordatiightand, thus,

increa§8ﬂ1?§p¥¥ﬁi?m§ (Hrgl‘grﬁgjgaig?%Illg}%llfr,gfggubstantially similar to the optical

sensor's light source; periodically determining the output intensity of
the indicator molecules; (c) determining the amount of time it takes for the

[0019putput intensitypfdhentbindicater, malecules,toearagdeRyidd for determining a

. predetermined amount; (d) determining. the total cumulative activation _
masingi QU Lo R (B OB erA R TR B PSRy, e method
includdivitlingi¢he @mauirbefitimerdetermined indtepo(chbicthéamobghiodtimed from a
light s%%&‘%%%&' '?s%?e?erably identical or substantially similar to the optical sensor's light
source; (b) periodically determining the output intensity of the indicator molecules; (¢)

determining the amount of time 1t takes for the output intensity of the



(d). [00201 In example embodiments, there is provided a method for

determining the useful lifetime of an optical sensor. In one embodiment,
mdicamﬁlmstlaqﬂé@l_qtsrl]d&gﬁb&j%fgpsaosfé@rlletmﬁea%ﬁ{&f&pqabng&ﬁﬁﬁ{mg the total

molecules to light emitted from a light source, which is,_preferably
wmul@%%ﬁﬁ%ﬂf’gﬁmr F itentfsPfo %Pégw S ERHAE Wit BRAEEBY I cycle by
dividinpticakaensosf fhhpetrdinally detesmiringythie cutpuhinte nigity dfith@ined in step
) indicator molecules; (c) determining the amount of time it takes for the

" output intensity of the indicator molecules to degrade by a predetermined

amount; (d) determining an average expected amount of time that the
[o020(ight souigeused N thionicalisensae Wil he anden da¥iRd{8) determining the

dz{%g,rmlmng the useful product life b)é dlyldlng the amount of time
useful LA h SRR PR I b GRS TR St R e 1RcidRs e steps of: (a)
continlid023 1ekhesalyoieirachotheidadisres dpbt agvamniddgesnas Welk asthe:, which is

rlucgﬁi’)%tgrralugalf)p g@ﬁ%neqfigé%a?ﬁr%?eqoemibﬂ ?‘:soe?ég ﬁ];atth\%iﬂ:g)%e@ged in the optical

S
referafn
p Inv ntIOI’l, are described’in ow Wi reference to

sensogclonraeding! draleingsiBRIEF-DEQOR IPEION OF TIMEIBRAWINGS:cules: (c)
detern?Ragl D 8ACCANPAYING dIRWIRGSLWHISh R 18INERPeraiRd NEreiR: a0 ccules w0

form part of the specification, illustrate various embodiments of the

degradi e it PRUHEBR A0 20 gEth i RR TR B b RS AL ART P S&F ferfpount of time
that texpilgin {berpringddles ofthetiovestionandidenabieradaersed RillReeiining the
the pertinent art to.make. and use the invention. In the.8 WO 5/106435
sl o R TR R a0 Gl ot of
time dgtefometidnaliigsitilar elements. Additionally, the left-most digit(s) of a
reference number identifies the drawing in which the reference number
first appears. [0023] FIG. 1 is an illustration of certain components of an

[0021 by emplafPo SHONF e SEBROATIESS 294529 bteRsadictinl astypicairucture and
operasignal’ giegradationbplihiesicaiventionratindicataionolecules ubeehintypieal below

with rgpe%cre%gg %5Re %&%?r?panying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incorporated herein and form part of
the specification, illustrate various embodiments of the present invention and, together with
the description, further serve to explain the principles of the invention and to enable a person

skilled in the pertinent art fo make and use the inventiion. In the



[0025] FIG. 3 is a sketch of an example background noise profile. [0026]
FIG. 4(A) is an overlay between FIGS. 2 and 3. [0027] FIG. 4(B) is a plot

WioShR/MeEsss time. [0028] FIG. 5 illustrates the effect of incra@sieoos/oi4io1
temperature on sensor signal degradation. [0029] FIG. 6 is a sketch of a ,

plotafsensorSNR versus. tempsratiue for afixed elapsec $B§Eaté°.“a'
0

time. [0030] FIG. 7.is an illustration of certain components of an o fical

SEna6T-48E8 ¥ g I0BNE EnfosHfiat of teifiamidi jooshr FIGEB-maat
ilserition) ofdeRairecompone ntssive optivak s£Rses acerding 49 -anather
embodimant olbe. inventon [0032] FIG. 9 js a sketch ilustrating the

relationship between drive current and source intensity. [0033] FIG. 10 is
afndNgsttation BfEertain comMPANNts: At OPHCAISRRSMACCHINGIRnts of

aggt@emgggesmggipn. [0034] FIG. 11 is a sketch of a plot

of optical sensor lifetime versus source drive current where the
separation 9 WO, 20054106435 PET AE$2005/01 4201 distance;(d) and
the temperature (1) of the system are held constant. [0035] FIG. 12
iIIus%es certairII; cpmpgﬁer(%/t%ngfe gﬁlgﬁﬁc@allélégi]%‘sc&téj cot ?r?gc‘rblﬁﬁoﬁ?grer
eBYGifTe REGHRE TV EREcH: TD038] FIG. 13 is a flow chart illustrating a

p%%%%% accofrg@ .g 50 9@ eae s ggc‘:‘ﬂeg % Oaf.xgh%:alcg\:/n%gt\leo%ackground noise

profile.

[0026] FIG. 4{a) is an overlay between FIGS. 2 and 3.
[00271  FIG. 4(B) is a plot of SNR versus time.
00281 FIG. 5 1ilustrates the effect of increasing

temperature on sensor signal degradation.

[00Z29] FIG. 6 is a sketch of a plot of sensor SNR versus

temperature for a fixed elapsed operational time.

[0030] FIG. 7 is an illustration of certain components of
an optical sensor according to one embodiment of the

invention.

[0031] FIG. 8 1s an illustration of certain componentes an
optical sensor according to another embodiment of the

invention.
[0032] FIG. 9 is a sketch illustrating the relationship

between drive current and source intensity.

[0033] FIG. 10 is an illustration of certain components
an optical sensor. according to another embodiment of the

invention,

[0034] FIG. 11 is a sketch of a plot of optical sensor

lifetime versus source drive current where the separation



[0037] FIG. 14 is a flow chart illustrating a process according to another
embodiment of the invention. [0038] FIG. 15 is a sketch illustrating an

wremplasysskity cycle of an optical sensor light source operatedaceerching: s1
to an embodiment of the invention. [0034] FIG. 16 is a flow chart

illgsirating-a pEgcess; aggording 1o another embodiment of the invention.
[0040 FIC%. 17 1s a circuit diaégf%m illustrating an exar%p e %ﬁ%ﬂﬁt%ﬁgt meay(2
b&°GSEF T control the light source of the sensor. [0041] FIG. 18 is a flow

chgibystalig & Piopess of ASteInig 2 duty oydle 100421 FIG, 19 1

a flow chart illustrating a process for determining the us Sprodu'%:lfl

iftinMEbF ATBFfCar SENSBIPBETAREL BESerIPHOMDP T Hike
PREEERRED EMBODMENT [0043] FIG. 1 shows a schematic illustration

of a_representative conventional optical sensor 100 for detecting the
pk883fde or cBREentratibh 6f & Sebstintee 1011 Sl 1160 ancludess s

indicatarimeolesslesd O2solightseurse 104, and-a phatoelectric
transducer 106 (or "photodetector 106"). It can be seen from the graphic
i 1871 that i€ inditaiet mdlkeules1202 ardlakbysiement ipcomwesting

theqsesence 10 WQ2005/106435:R6T/W52005/014101 sand

concentration of the substance to a measurable signal (e.g., a
mMéas&hble efdétricabcarent Datiutl 08 fromrphotaretectorch@f)a {8044k

Asydissussed:abgye; ahoteoxidation pauses.the. indicatardgolecules 19
bg the "wg%k%st" companent of sensor,
¢ an embodiment of the invention.

[0032] FIG. 16 ig a flow chart illustrating a process

according to ancther embodiment of the invention,

[004D] FIG. 17 is a circuit diagram illustrating an
example circuit that may be used to control the light source

of the sengsor.

[0041] FIG. 18 is a flow chart illustrating a process for

determining a duty ecycle.

[00421 FIG. 19 is a flow chart illustrating a process for
determining the useful product lifetime of an optical

SeNE0X .
DETAILED DESCRIPTION OF THE PREFERRED EMBODMENT

[0043] FIG. 1 shows a schematic illustration of a
representative conventional optical sensor 100 for detecting
the presence or concentration of a substance 101. Sensor
100 includes indicator molecules 102, a light source 104,
and a photoelectric transducer 106 (or “photodetector 106”).
It can be seen from the graphic in FIG. 1 that the indicator

molecules 102 are a key element in converting the presence

10



100. That is, photo-oxidation causes the indicator molecules to degrade
sooner than the other components of sensor 100. The surrounding

RRMRBNARISs such as light source 104 and photodetector 10fcHh@¥S0s/014101
useful lifetimes typically exceeding ten years. However, the indicator

malgculgn.can e degraged yndenvpical opgrating, conditians, within_
hours or days. This is illustrated in FIG. 2, which is a sketc deplét?hg a
tylficdl sighal BRYTEaRI6n Pi6clor eBhveRtsRRMNBRARBE nidi8cakgsunder
typioabdperating: corglitions (i.e., constant temperature, constant
illumination, and constant ambient oxygen concentration) As shown in FIG

2 80 4dtensithorthe Tatratorr epittte P oA ths ihdicheoy mlemsleshe

decraasessignifieanty:pves %@hﬁﬁbp@ﬁegl«ﬁdﬁﬂec@%@eﬁﬁc%%% or
indicator,molecyles are the weakest link, the lifetime of a conventiona
sng{r%gér isztg%b Cio% 'th}é%grct?erog ﬁca)%%so or %‘éaiflss’?sﬁ?é%ﬁels%nﬂzna\}:ecfﬁion,

hBMERRT: 35 dvid €S anRzsistici Wesisdrhand Fastholdhfer extendingrthe eseful
lit=nbthe sensor RO461iRcaiypica| OpHEBhsaRS0r (RELHe fe S.%@c%%r

1 the tro-qptical components conventional macro_and/or
mgié)})lor-%e1 egt%ni%n(ﬁsgfé?gg ga\?gg%? “Yl:hggg ’cgln%ﬁgngﬁé% Yhd'dtarres
nE#‘Péﬁéﬁ‘ﬁé’aleé%ﬁﬂﬁéhéﬁts‘:@ﬁth’@%’éﬁsorﬁ&l@ﬁffgemthﬁhsmmmwor.
aneplification eiauity, haye-adaseline: e&@gmai@k wa%é%\ief{g}n%&ﬁg Qons
t ircuit design, _There may also be spme background optical noise in
e Rt U er e LETy oA re ot g5
WO 20851064 S PEHAIS 605 1PIAEG] siiihinla dettvehtdonstaimt for
regiorefd Cordis asketeh 6f molecules under typical operating

conditions (i.e., constant temperature, constant
iiiumination, and constant ambient oxygen concentration).
Asg ghown in FIG 2, the intensity of the radiatilon emitted
from the indicator molecules decreases gignificantly over a

short period of time.

[0045] Because the indicator molecules are the weakest
link, the lifetime of a conventional sensor ig also on the
order of hours or days. The present invention, however,
provides an optical sensor and method for exténding the

useful life of the sensor.

[00461] In a typical opltical sensor (see e.g., sensor
100), the electro-optical components are conventional macro
and/or micro-electronic discrete devices. These components
and other non-chemical components of the sensor, along with
downstream amplification circuitry, have a baseline
electronic noise level intrinsic to the circuit design.
There may also be scme background optical noise in such a

gystem. The noise 1s somewhat random, but typically remains

11



an example background noise profile. [0047] Against this constant noise
backdrop, it must be possible to distinguish the signal that is directly

WoRosteaasto the concentration of the substance with suffigiemmslﬁj(jgymgug}
The ratio of an averaged signal amplitude to an average noise amplitude

isskaewn asthe -sighal {o Beisa talio £SHIR), TheAumerical valyg of SNR,
which is adqu@te for a‘g{\éen ae{)pllcatlon_ls also dependent on other
factors governing tha Svatalrgesigre T etral, a high SNR is preferred

tq eoloyy SNRakmpaganti: the.lsval .of SNR that is achieved jn a design.
establi t}es the precision and resolution with which a m_easuremenﬁ can
°Hhade Usifg THE HvitE T e D% oveARy BeWesrERSS. 2 and
3OA8LIFIGIA(K) Stitws botetheaelativehf censtanimoisadeagkdiop
alorg yiththe declining sighal duye:to B@O%}d cheeml%?l %egzl%%%on. The
simple ratjo of these two plots is illustrate IlnalylGr.‘ ﬁB as versus
B IAL B8 ST TRIAGA 4D, B SNIRAS dredbadHirsctthe
prdporiort o tihesphotrdxidatior) whitteis:destraying theisignak Axgome
defined Bymericalyallie:of SNR.aLlimeJ).along the, decining SNR
curve, the sensor becomes un-usable because 1t can noalonger ee

s%%cﬁ?&ﬁo@%?%ﬁoﬁﬁi‘é‘??ﬁﬁﬁga%ﬁré’é@?’ﬂ"’lﬁ‘ié tire{Ihis #e asablal, a
lifétirnestRtie: sensbexwhithtis detesmioed by i lieline of thaoste1
labile:gerapanent, which are the indicator mo'sggge?ﬁlgg%fesm%ggh'” the
system. [0049] We have identified severar factors that atfect The

SGTatAtich 6P the SRR BF® SWihkhr “rhethraf@ired vaRgenbr settifgs for

eactefactongantbe dsedde defie a4 () is an overlay between FIGS.
2 and 3.

[004831 FIG. 4(A) shows both the relatively constant noise
backdrop along with the declining signal due to photo-
chemical degradation. The simple ratio of these two plots is
illustrated in FIG. 4{B) as SNR versus time. As can be seen
from FIG. 4(B}), the SNR is eroded in direct proportion to
the photo-oxidation which is destroying the signal. At some
defined numerical value of SNR at time (T) along the
declining SNR curve, the sensor becomes un-usable because it
can no longer meet specifications for resolution and
accuracy. This time (T) ig the usable lifetime of the
sensor, which ig determined by the lifetime of the most
labile component, which are the indicator molecules present

within the system.

[0049] We have ldentified several factors that affect the
degradation of the SNR of the sensor. The preferred range
or settings for each factor can be used to define a

preferred envelope of operation for the sensor. This

12



preferred envelope of operation for the sensor. This 12 WO _2005/106435
PCT/US2005/014101 envelope then establishes the operational

waraneigrsihat permit extended lifetime of the device. The fagtm@afggmml
discussed below. [0050] Factor 1: Temperature. [0051] Temperature is a

fundameniatand ditactly influential fagtor ths determines the usefy life of
the_indicator malecules, and hence the optical sensor. Because
PPOtBSxiBEEERIE A ddmicas eat iR BthersThse Fratprinchs
rddeldescribimtrthe influence of temperature is the Arrhenius Equation.
We have found that increasing temperature increases the rate of the
 rLRRA8N resdiRAGIA fister SRRAAAENBA of the indicator molecules.hThe

e f increasi mperature on. sensor signal degradation is shown in
FEIEC%SSQ[OOS%%%%%E%F@&%, it'can be sean %rlasafé BafsitFd Yincreases,
thB PHGTBEemics feactiba balneeminsr sdent uspdtids Bntkorygehe

inerbiasesyanth 1hetafere, M@@ﬁ&@mt%ﬁﬁgm:héémd OBecause

f cent intensity,, decreases proportionately. FIG. 6 is_a sketch of a
p%%%{ g‘? sggs%%l% &grs%sct%e?ﬁ%eg?gtuféa 35 é‘?i%e%jléﬁeép%a Bhefatondire

tESfoFFIPRiEad aapéel, werstorbite presamihventien offrovides a
sensorF00 feea £16nd) haviag A.c00lRg system #@2dg maintaingthe, .«

temner. o] ensqr, or.the temperature of the indicator molecules
16E02, atgaé%(e%d%gll%érﬁ%rﬁow& es for r%’n %%ﬁ m& Corfitish For BT

JiveR1btRer dondiraines oflapeadadigarofthieensordfor exampléecules .

The effect of increasing temperature on sensor signal

degradation iz shown in FIG. 5.

[c052] From FI&. 5, it can be seen that as Lemperature
incieases, the phote-chemical reaction between fluorescent
specles and oxygen increases, and, therefore, the signal
amplitude, which is based on fluorescent intensity,
decreases proportionately. FIG. 6 is a sketch of a plot of
gensor SNR versus temperature for a fixed elapsed

operational time,

[0053] In one aspect, therefore, the present invention
provides a sensor 700 (see FIG. 7) having a cooling system
702 to maintain the temperature of the sensor, or the
temperature of the indicator molecules 102, at a fixed value
that provides for an optimal condition for longevity given
other constraints on the design of the sensor. For example,
if certain requirements dictate that sensor 700 must operate
between a temperature of 50 and 70°F, then the cooling
system 702 can be configured to maintain the temperature at
50°F, which, within the range of 50-70°F, is the optimal

Cemperature with respect to lengevity. For applications

13



if certain requirements dictate that sensor 700 must operate between a
temperature of 50 and 70F, then the cooling system 702 can be
worfigsmeekio maintain the temperature at 50F, which, withinetheuangsio:
50-70F, is the optimal temperature with respect to longevity. For

applications13 WO 20054406435,RCTIHS2005/014101 where there is no

lower, limit on the temperature of the device, we have found that the
TR LT oL O Aol 36 HREIOE DSk Gom as
ehtBodifmarnesolifgBystem 702 may include or consist of a Peltier-type
chip.devices as used for_coagling semiconductor components. In other
e?n Ooséiiwent, T8GRy SYRRMTRIEm AP citde Br Toristl Iud Hirdyéa
omotlaveneé@mmﬁ[wmemmim@m@@cagﬂwn@ght
Sauseengnedpdicatar Molecules. 100861 In ap optical sensor, such as

optical sensor 800, which is depicted in FIG. 8, the luminous ﬁux deénsity
i8R STEHER pet tirittdr e et ¥ooit drrastifacet Fotautdnmpleriteen
upit effigiht iscanl Eristein (defined as 1 mole of photons, or 1 Avagardro's
Number of photons), then an Einstein per unit area is a statement of flux,
THY Yehsity SRREPRUmMbET BRPIGHHTR Péptinrereletrepdnalyf tHeurce
irgidatordihoiecesd0isl he. effective flux density for our purposes
herein. Working backwards, the flux density is related to a term known as
LEMimBUs Exitanés (se&iselbvwrarspracticstly, sounse itehsiberEhrodgi

theiiiverse sepbsedaw; the photen intensitw(osdu) will decrease by the
Sﬂﬂﬂg&jsthgl%pap@}.jognd:ﬂ%taglngga(@t a point on a surface. For
example, 1if a unit of light is an Einstein (defined as 1
mele of photons, or 1 Avagardro’s Number of photongz), then
an Einstein per unit area is a statement of flux. The
density of the number of photons per unit area at the point
of the indicator molecules 102.is the effective flux density
for our purposes herein. Working backwards, the flux
density is related to a term known as Luminous Exitance (see
below) or practically, sourca intengity. Through the
inverse square law, the photon intengity (or flux) will
decrease by the square of the separation distance (4}

 between the light =source 104 and the surface 802 where the

indicator molecules 102 are installed.

[0057] Addressed as a single factor within the overall
‘matrix” or set of factors, we have determined that one
effective, practical and preferred range of operation for
the separation distance (d) is zero to 2.5 centimeters (cm).
The low end of the range at zero represents a design where
the indicator molecules are installed directly onto, or

within, the surface of the light source 104. The far end of
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between the light source 104 and the surface 802 where the indicator
molecules 102 are installed. [0057] Addressed as a single factor within the

Wesal(gnalix" or set of factors, we have determined that ong-@ffestiveisiot
practical and preferred range of operation for the separation distance (d)

is,t ro.to 2.5 centimeters (cm) The low end of the range at zero_ |,
reér%s%%ﬁg %. gs'in’jnc(\%‘nvEe:Fég %ﬁ%siﬁﬂlc%t%r%r%osl%%ﬁlessué}:e% %S’fﬁl?d Birgety
ORES o WiiEHiRS tHe $DHaEE BTtherRhtssourte XU e farend @f 1 £ WO

260541 064 35:RETIIS2005/0 AL thekangeif2.5 aip) reRIeSEnts A

des‘i%n guited ah‘i%hrly photo-labile.fluorescent species in arder to -
AR T At Ioter Tavelio BerbE e obRing 1 (RRTEEEH =2nge

invaygion, howeven.are natdimited dodhis-spegificdange. (9908, Eactor 3:

Q{legrougrEéitz:iL%%e,CSgtrjrce Intensity, Power or Drive Current. [0059] The
LUminous Exitance of a I%H‘t 'source is a measure of the flux density at the

sgpigse;of theramissian, SoUree. .9 /N pcapdasaant. solid state, ,
organic, inorganic, LED, or any light luminous source). The flux density,

A8 GESG oSt abbvel tHit BEFRERREdTor By SITFIEES @4l diifnagihasy ehd
atamycgistanes (deiromtmsesos tl. umihods fxdtancecisgheiftux defined

at e suiface okte gmission sguice grin th re g=0. Thj
@Iateﬁﬁe intensity of, tr%i?l%ht sgource to the ﬁu%\és%? deg‘iﬁl‘:ge)d;Er éq&(d).
|

REETHE infh S STa B GRSHIE or 8B chB-Gstidaehigiteodree igwéace:
direstlyqeldtedctortiveyd ivel catremyfotthabsoarce it iscpessible apdrce.

Practicahio cantralibe seurse.intensityyia,the electrical drive current for
tg%ission source or in this case where d=0. This relates the
intensity of the light source to the flux density dafined at
{d) . Since the intensity of an electronic or electro-optical
light source is also directly related to the drive current
for that source, it is possible and practical to control the
source intensity via the electrical drive current for the
light source (it is important to note also that sources
other than electronic are possible). This relationship
between drive current and source intensity is a simple one

and is illustrated in FIG. 9.

[0060] The relation illustrated in Figure 9 is also known
as a de-rating curve and can be unique to a gource and to
the manufacturer of the source. However, this data g made
available by the fabricaters for a particular chosen scurce.
It ig important to note that the drive current also controls
the power of the source. Luminous power is typically
expressed in watts {and other units). A solid state
electronic source as used in one example would typically

fall within the realm of microwatts to milli-watts depending
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light source (it is important to note also that sources other than electronic
are possible). This relationship between drive current and source intensity

Wwonsiplesne and is illustrated in FIG. 9. [0060] The relatios-if4sgaiesh 4101
in Figure 9 is also known as:a de-rating curve and can be unique to a

sgurce %ﬁg tgujg_h% r@aggggcf%g[%aq:ffhe source. HT%wever, this data is made
avaiable by the Tabricators for a partieufar chosen Sobree: "It i€ ipoPtab
tPABIC TR dive iiFiemealsd cBrtroisuthesponen dhthesourcd.led and

Lymtinbys pawek istypicalit wpressed:in Walts, (ang otherunits), Assolid
state _electronic source as used jn gne example would typically fall within
E’louse OC.E I}{lmmer SW:LSCC Z{l é %Eﬁag &%%%é?f@gﬁﬁS

the realm of microwatts to mi fi-Watts (c)i%%en
PEHEFS2005/014 FIIRiSo 8 ¢ etsieam ambuerating clrve. Fhediowet, Ly

witkinthe perforpancedimiiations afthe sousee-canhe centralled and
set by limiting the drive current much like a standard household dimmer

sWRtehl Althougiveme tinitsadzrbedente idoniusialr bisintple cosvession,

pawsrLan:alambedirectho vlated donhptosaxidation rate s degcriped.
aggve. L%%Gl G%ven Ftahe gbove described relationship between drive
Cc

) SONGALET Vate R Yiver istafice CWHS the Breferred]

frent and pho
devésurrentienthetlove stpossible drivestureeitititat provides astalle.

light-seytse-Qutih 1Rk banicahsolid-statg liokt sources sueh As Il v v o

ecrinittg& d gg:gs (LEt%S)" this_value may be as low as 0.5 mA at present.
ATTREER d&Vices become TbPE dHidieRE MR tReSRIA divecdrent may
decfemsy. [0052] Before drestribindfurther factersdffécting the this

threshold drive current may decrease,

[0062] Before describing further factors affecting the
iifetime of an optical sensor, it is instructive to further
iliustrate the fadtors described thus far {e.g., temperature
(T), separation distance (d), and drive current (Idrive))
within the context of a sensor system 1000 (see FIG. 10).
The illustration in FIG. 10 ties together the concepts

digoussed thus far,

[0063] FIG. 10 illustrates a sensor system 1000 having a
light source 104 encloged or partially enclosed by a surface
B02 onto or intc which are placed indicator molecules 102.
Sensor system 1000 further includes a power supply 1012
(e.g., a battery or other power source) for powering the
light souxce iGé and a current controller 1014 that is used
to adjust the drive current (Idrive) provided to the light
source 104. Sensor 1000 may also include cocling system 702
{as illustrated in FIG. 7). An operator or a processing
device can configure current contreller 1014 and, thereby,

set the amount of drive current.
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lifetime of an optical sensor, it is instructive to further illustrate the factors
described thus far (e.g., temperature (T), separation distance (d), and

woveewiens (Idrive)) within the context of a sensor system 30QQ;(S68 /014101
FIG. 10) The illustration in FIG. 10 ties together the concepts discussed

(o [0063LFIG. L0 llustrales.a sepsor svslem 4000 having.a it
source 104 enclosed or partially enclosed by a surface: 802 61t or 1fto
whigh ar& PHEcEd TRdRAT ol SETeETHTES St S|ste MetBOG ferthidrx
incudésa powensupply1842n¢e.giaan batieryios qﬁﬁ%wfrqf@w&eﬁ%c
ring.t ' 4 and a current congroller that is use
iy Sarort (e ool s s Tt Souree T SSuss
1%%%’%%&%@8%8%a%fcaai%&%géféﬁomméeqnagﬁatéehﬁerﬁ@m. A
operalos Orcg pracessing riewiceearco oo Gadrent mfgllei&&% 104
h € t.0f drive current. 16 WO 2005/106435
?’%Q'F/é U gﬁ%ggﬁ)%%% 11?1%]‘(":g)z‘(éij%l]]l ﬁ'df’g\%ﬁgse‘% Oc}l\?ez} tﬁe%dl rﬁ%dlcﬁsé%?%‘é?s
tHE ig BB INREA B thE St ee FRNEHTy Stts the TRl demsitythe
tifough aidistancet(d)and the inverseisquaredans +asd thadlwadensity is
d}rgggyﬂogg&%rlal&g%pedraaﬁoor{ photo-oxidation of the indicator

molecules. Therefore, he regulation of the drive current provided to light

sbwees 1104 sets:the soukce ineasity, which firoughea fixed-distance. (d),
gpé/@éngg pé/tgﬂgeinverse square law, establishes the flux, which sets the

VErsus

rate of photo-oxidation and thus the- Fata of Sighar defrEd4tdn0065]
FiERa9asigakeich-anaplétof sefsohsysmmerature (T) of the

system are held constant. FIG. 11 provides a simplified but
clear understanding of one of the Ffactors in achieving

extended longevity for an optical sensor.

[0066] In many cases, “d” is fixed by design. That is,
the application of the optical sensor determines the
acceptable range of d, which, in some cases, may be a small
range. For ewxample, if the optical sensor is to be uzed in
vivo, then the appropriate size of the sensor and, hence, d
is limited. Once & is fixed, it is possible to use this
value to evaluate the other Ffactors discussed herein (e.g.,
drive current) to provide additional design and optimal

operational parameters.

{00671 A ceonstant d establisbes the flux at the
fluorescent species surface. Note that flux and power at the
surface defined by d are synonyms. As discussed above, we
determined one preferred range at which d should be fixed to
be between zero and 2.5 com. Using thie information to set
the drive current, we determined that the current for a

representative LED source to range from the threshold value
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1000 lifetime versus source drive current where the separation distance
(d) and the temperature (T) of the system are held constant. FIG. 11

wipsigesasimplified but clear understanding of one of the fagipksaos/o14101
achieving extended longevity for an optical sensor. [0066] In many cases,

"drifixed bygasion; Thatis., e application of fhe gptiea) sensot
determines the acceptable range of d, hic , I 'some cases, mayY)e a
SISl SAMERS For o @antiplaisr fRespticaldERsdhie BB i3etirevive, therd
thevappropatersizerobthe-seaserand, Bengeed islimifedyPneeiddsc or
ke, iLispossible o use Wis,yale tg gvalugle the ather factors . o o
discussed herein (e.g., drive clrreht) to provi e additional ésignand
oﬁﬁ&ﬁ%}b@f&&é’nﬁl-%a%éﬁé@?ﬁ)m]wm%mb‘st%mm@gx
atthetfiseresgent species, suHacerMedﬁ_at:ﬂux@rElr@OW%ﬁéi@%lyl .
S i d are synonyms. As discusse ove, we determine
o%%%cr%%%%%%ggéoé z_i (\?vﬁic A Shot m%%%%xésdl%ﬁ%éabm&\?veae%gz &5*and
EERTERING BREIRFG R0 s&P tRemrhvis empent, Wa deterrfiat-that
the cssrentfonantepraseniatived il spiree do rapge-fromdhedbreshald e
vﬂgl%élg WQ 2&%@%9@435 PCT/US200S/014101 (FIG. 9), Whlch_ls the
lowest current which will activate the source, to a value nearly twice the
nnanaacturerﬁ&;fﬁt@dd@ﬁm&&ﬂ%&#@#ﬂﬁ%&&%@a@%ﬁ@fﬁ B@f?ﬁﬁé of
SiC or. GaN based LED as.an example, these drive cujrents range from
ar ps?%ﬁlsrﬁgteﬁ?%i.gﬁm%rﬁﬁsJtSaaﬁ}prro%?r%% é@%ﬁ) Fnﬁlﬁar{‘?és.lﬂ% er

SHRHENES e RUrRRcEgFentdrd ety aphbroxiniately 9i8 1o be
appyexEpately 3 mikamps: agd most

[0069] Factor 4: Input Lumincus Source Energy {or
Wavelength) .
[0070] = The energy of a photon is related to its frequency

by the equation: E=hf, where "E" is the energy of the photon,
"h" is "Planck's Constant" and "f" is freguency. Freguency is
inversely proportional to wavelength. Therefore, shorter
wavelength photons have a higher energy than longer
wavelength photons. Typical fluorescence excitation occurs at
wavelengths from appreoximately 200nm to almost 500nm
(although molecules and mechanisms are known for excilitation
wavelengths up through near infrared). Fluorescent absorption
and emission spectra are essentially energy plots whereby the
spectra is roughly a Gaussian distribution about an optimal
absorption or emission peak wavelength corresponding to
energy maxima within the particular molecular structure of
the fluorescent species. For most fluorescent species that
could be used in a sensor, the cptimal wavelength (or in some

cases wavelengths), will be determined by the indicator
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preferably approximately 1 to 2 milliamps. In the future, as source
manufacturers build more efficient sources, these ranges can change.

waPesk Imgadditional factors that affect the lifetime of a sensefepdayiGo:
indicator molecules are (1) input luminous source energy, and (2) duty

aysleEach will ber disgussediinurn helow, J0Q69] Fagtor 4 Input
Lfmlnous Source Energy (or, Wavelength). [0070] The energy of & E)lhoton
is TEYAREE 16 TRIEGUETY By Tite ERfiatore Et-ite B taehd brigkgy

ofthephiton, "h"is "Planck's Constant" and "f* is frequency. Frequency
is_inversely proportional to wavelength. Therefore, shorter wavelength

ph8AE have 2 FrgRePenBriy T oG Wisvdiéabih Srotores. Typical

flugggsqence gxpitation.occurs at wavelengths frqm roximately 200nm
to alm(;ist 500nm ?a?th%}ﬁ%h ?n%eieecaﬁatshaﬁ ﬁghgﬁ%?rln%sp SRS KRB

exefatisrcimvelenghsldg oty Aear Wittated) s Fuorekeentabsomption
anshertissionispecie ae esseptaliyenergy platswhesehy $ag spegira is
rql ayssian_distribution about an optimal absorption or emission
p%%%%%%%%e#g% ?coﬁ?ggé:gr%d%aiog%%e?gﬁ%rﬁé”xﬁ"ae TethiRtRepdrttular
ASREarl striefita vt st fusreise itsp et Par A stifkioressent

specles it ceuld benserhinasansorothe aptimajwavelength (Qr e
R e R ST
UselBHaaERsbRRas iR e BadAT S RTtINY thesiaselengthis)=of the
it IS@ICR(B)n the indicator molecules. Above some minimum
duty cycle, the performance of an optical sensor with
respect to the needed data cutput is not influenced greatly,
or at all, by changes in the duty cycle. Thus, a
designer/user of an optical sensor has a great deal of
freedom in selecting the duty cycle of the light source
without fear of adversely affecting the performance of the
optical sensor. As discussed below, lowering the duty cycle
of the light socurce can greatly increasg the effective
longevity of the indicator molecules, and hence the

longevity of the sensor.

(00731 In én optical sensgor, the total and cumulative
radiant energy outputted by the light source drives the
overall extent of photo-oxidation of the indicator
melecules. In other words, when there is no light, there is
nc photo-oxidation. The cumulative power (or flux at the
surface) over time is energy. A typical unit of radiant
energy is Joules where: Energy (Joules) = watts (power) x

seconds.
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[0071] Factor 5: Duty Cycle of the Light Source. [0072] Unlike the
wavelength of the light source, the duty cycle of the light source, which is

Wwookheh&Ieygy component in the design of optical sensors qugAWYGH 5 4101
different (but related to) the photon energy described above, is variable

a peler th ntrol of the sensor, %g,si t/user. The duty cycle of the
Iigﬁ?qso%rce i? {b:hge{e p%lr%{énrt%gg of inr]le tﬁﬁtﬂ%é?s? drcvéplljs'%ﬁn}é |orguiﬁ% oah:e’
ifmifsteRheAteate F nistesurecad hebbatinge therckidivg fromzhe, is
indicatarimaleees. AboyeRssemesMWINIHYL Jubkeyele; the performance

of an. aptical sensor ith_re ect tg.thelneede data output is not
e D e e eee

- dRGReieerBraNBtic] SehoF Harlagreat Bearot detiomtihan a
seteeiing the dugpeyele.of the hght seurceewitheul feﬁéoéédé@’i%lﬁi)’above,
affecting the performance of the. optical sensor. As discussed below,
Igvjf\l/(éri‘r\;agyt[?:eoqﬁt?/ngfcég 5f %eerlié At ggu Fc%nggr? Igré:?slzf“fy ficreads t}"iléml:l
HNE 16ng@rdFof tHePindicary Theleculés: dfg heaee thé ngmﬁ_gﬂeﬁ
thesensorofh0%a] I angpitcal sensorpthastotakand cuspuabveradiaht

energy ol p%tgd l::)L m:e Iigﬁt source drives the overall extent of

p%%to-om ation of tRe indicator. molecules. in other words, when there is
npoligialy thereyis wavBhatasexidiation. dihe cumulative power (Qefux.atthe; o

surface).aver time is energy. A typjcal unit of radiant energy is Joules
L R T IS (el R o RS GG GBS TDp S

PET/\98208810141 0he entire period of time when the optical

sensor is “active” (e.g., consuming power). In many
applications, the optical sensor need be active only for a
short period of time a few times per day. For example, in
one embodiment, the optical senscr is active for
approximately 7 minutes and for approximately 5 times per
day. However, in some embodiments, the optical sensor neads

to be active 24 hours each day (i.e., continuously active).

[0CT761 ForEexample, if a reading from the photodetector
106 is reguired once every second during the period of time
when the optical sensor is active, then it is not reguired
that the light source be on during the entire period of time
when the optical sensor is active. Instead, depending on
the sensor circuitry, it may be sufficient to turn on the
light source for only 1/10 of a second every second; In
this scenario, the cumulative energy input to the system
over the lifetime of the sensor would be reduced by 10 £old.
Similarly, if the light source were powered for only 1/100
of a second évery second, then the energy input to the
system would be reduced 100 fold., Since power is directly

related to cumulative photo-oxidation, and thus degradation
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[0074] Note that Power (Energy/Time), which is the rate in which energy
is consumed in lighting the light source, is directly linked to the rate of

Rwoolarenigation of the indicator molecules. Accordingly, a higherROWEH14101
source photo-bleaches an indicator molecule more rapidly than a lower

power source. As ,Gan be seen from the equation above, one way to

cO ntroiLﬁower IR ORI tREFatd At WIRERTEREIRRIR pﬁjﬁﬁwtortﬁ@uc ing
syStemnprtie dasaoflan dfticdo sérsbl,lone avay te: cohtrol theypoiner is £ -

ta.ganel-the d;gg,y 1@/@I@Q{&h%{gh{ﬁ9yrg§n@£g@§/g&j}we discovered

that in an optical sensor it is generally unnecessary for the light source to
béW\F&rhting Breoakduvingitiesedtitey perviotkofaimehshendhe opicate

SeNseRis arives(egh, Sensuming:Rower. I many. applications, the
optical sensor need bge active only for a short period of time a fow times

p%? By S ot B aRBfe” it “one BinBoaifBRE LR Hifral €aMR o Re at A6 951
apprexihiately Z meadésanti-for aperotimatelytb:timeaes pes day.ndawever,

Imggg@cgﬂmiﬁ%vér&hez0{3&&@&%@”50&ﬂsegénL%Elef%%&VS 4 hours {3

each day (i.e., continyously active). [0076] For example, if a rea Ing fr
e BROYS dfectdr 'Tf)%tﬁéyre&%n%d ohce ?‘%"é’rfb]ﬁdlt%r)in@%he period of
timef Rikénrthésopticat senspeismbctive, then tdseat seqtiitgd cthajdhedighi

sQuree be.on during the %W%nemge%ﬁuﬁ@ yihen, the gptical S%J;!,S%f is

active. Instead, depending on the sensor cwcwtg/ it may be sufficient to
tGH 1RE R SSTRRTor B 19251 Sekond BRetf sacerEcns tig of
segrarofthre mimulative esergy ippot-icitke systam reve-theulifetisae of

tflfaéeaﬁowqtﬂ@ %@9&&3&}% by 1Q.folds Similaryif the light-source were

powered for only 1
translates dlrectly into a 1200-fold extended product

lifetime for the sensor versus continuous operation against
photo-oxidative signal degradation of the fluorescent

species.

[0078] Duty cycies are often expressed as a percent of
on-time. The example above would thus be an approximately
0.08% duty cycle. For different products, different
designs, and different indicator molecules, duty cycles of
approximately 50% and potentially higher are useful. On the
low end, fractional percentages to very low levels are

useful even as low as 1 x 10{exp-5)%.

[0079] In other embodiments of the present invention, the
sensor is turned on approximately every 2 minutes for
approximately 50 milliseconds of LED on-time. This

embodiment may be useful for a glucose sensor.

[0080] FIG. 12 iilustrates an optical sensor 1200
according to another embodiment of the invention. Sensor

1200 is identical to sensor 700, with the exception that
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of a second every second, then the energy input to the system would be
reduced 100 fold. Since power is directly related to cumulative
Wwhalasgation, and thus degradation 20 WO 2005/106435 pcr/us2005/014161
PCT/US2005/014101 of signal amplitude, and thus degradation of SNR,
reducing i%@nﬂ%ﬂ@ugpﬁéﬁp fold will.increase the longevijty of.

device by 100 fold for this single %%tgr.\%w?]cﬁzﬁséeaﬁ:por%%#% é{ %’ﬁt& %@%Ie

ot ffe TightShtite “Gming e pekblof tifkewkenorresdsorisertreris
application @pmme:amlq,n%ﬁ@phaa&qﬂmhﬂ@ @%&%@_i@{g IS A6HVeRBum) .
reading ffo photodetector 106.is made approximately every
e MR R R FHTeL or tne
pHIHEdREE QST D6} Re stfidienty disthepbemitiavaccurate reading to be

't ithin g period of 100 mjllisecond /10 of a second. Powering
tﬁleé%s%e%\i\sl,or Iig% sburde i'oer fﬂrbl:gfj gcis%%%%géuf: 6F &very TROTHMIES

ifekealprovides rrererey reeluetiorrdsmr binl 20fsbeords/oel seéonds
“b200%rd his facier dyanslates. drecily-intea 1 200:f0ld extended product
lifeti for the sensor versu ntinyous operation against
p%%%g%)x%a?ﬁg%}}g r?ﬁud:ecgeraﬁdg%én 0 h%oﬂ%or%%%ﬁ%ﬁetﬁes.ﬁdﬁ%ﬁ Sty
RIESard ofte ncdpressetiles dyercent bt aiftihiehFhe @xarepletdbbye

(ijﬁwflit@ug:‘b@ a&m@p{;@ﬁnat%n%ﬁ&%@uﬁqmile- Eé.lar gﬁ&esr%nt pfroducts,
ifferent designs, and different indicator molecules, duty cycles o
DS SOVR Hnd BTy RGhL ard Lt DR hATRF e
figdtibridlPereeattgs teeslow tavalsafégusefubeventastow as 1 x

lo@¥-8)%er. FIG. 17 is a circuit diagram illustrating an
example circuit that may be used to contrel the operation of

light socurce 104.

[co82] FIG. 13 is a flow chart illustrating a process

1300, according to one embodiment of the invention. Process
1300 is a process for increasing the lifetime of an optical
sensor (e.g., sensor 1200} that, when active, is configured
to cbtain data regarding the presence or concentration of a
substance within an area at least once every X unit of time
for a continuous % amount of time. X and 2 can be anywhere

from seconds to minutes to hours.

[0083] Procegs 1300 may begin in step 1302, where the
optical sensor is configured so that the duty cyele of the
sensor’s radlant source is less thin 100% during the Z
amount of time when the sensor is required to obtain the
data at least once every X unit of time. In step 1304, the
sensor is placed in a location within the area. Step 1304
may be performed before or after step 1302. In some

applications of the optical sensor, X is about 1 second and
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[0079] In other embodiments of the present invention, the sensor is
turned on approximately every 2 minutes for approximately 50

wilisesendssof LED on-time. This embodiment may be usefgkfpizaroos/otsio1
glucose sensor. [0080] FIG. 12 illustrates an optical sensor 1200

cordi a bodiment of the invention. Sensor_1200 is
a1 oot 00 M (16 SeaphorPir ot AL e 2085 D more
PETAPSS06571 41 FECsas G20 Maithbrinttwdesa datyscyciexontroller
1202y aael.a GUrERNt centselier L@:ﬁ-i%ﬁ@%@%%@ﬁﬁ&&sc‘%@é?re 1200 aie

e enclosed within a hoysin shown)., The jndicator _ )
%olfae%g%?%tmoe%y gémp a%gdrioenS (Lagsiﬁ?fa%g%dft 2t holisg 6F it ARt $GAkEens
of e Fiotisiny ToOSEDEY Gcld @omsbler AP0 gamhelimsemertedstep

sobaly jn fresdwaiedy insa @@ﬂ@ﬁa&anﬁ&i&r&&?‘%ﬁ@% mllvo%&i%ty

C ontroller 1202 controls.the duty, cycle of light source . in some
eér/r%%g i rr%gr]{ts% aaﬁggg%f Os'%sn%%rriel'zog 183nsseezﬁﬁég Ry SRISGEIGRESSurse
TPy dontigarieg duty Byeleesanslléicar02n etiessambodiments;ree.,

i 4 that enables the user to
A or S R BontONer G E1 168 drciNF iy SR athgartse
eS@migte difcdit tHatemaltise vséiiotcomuottheiopénatioasoblight Soures
o BEREAE 32 saden sy ey op EEFE AL At
S TR Thete oFan SacaD Sty e “EEREOA300) I e
aeuve, 19 8dnfiglired o it tetd segardind therpresenbe aluty cycle
concest@tioneaf 808, 1o step 1310, after z amount of time has
elapsed from when step 1306 was performed, the sensor isg de-
activated. Next, the sensor may do nothing for a period of
time (step 1312)}. After step 1312, the process may return
to step 13086,

[0085] FIG. 14 is a flow chart illustrating a process
1400, according to another embodiment of Lhe invention, for
senging the presence or concentration of a substance in a
particular area. Process 1400 may begin in step 1402, where
an optical sensor is positioned in the desired location
within the area (e.g., implanted in wvivo, for example). In
step 1403, the sensor is activated. For example, the sensor
may be activated by providing power to the sensor from an

external power source.

[0086] In step 1404, after the sensor is activated, the
light scurce of the sensor is turned on {e.g., the light

gource is configured to have a minimum lumincus exXitance) .
In step 1405, at some point in time after the light source

has been turned on, an output of the photodetector 106 is
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substance within an area at least once every X unit of time for a
continuous Z amount of time. X and Z can be anywhere from seconds to

Wonstes éeuours. [0083] Process 1300 may begin in step 13p2rwheieiigios
optical sensor is configured so that the duty cycle of the sensor's radiant

sgéjﬁg%j[ﬁ}%s& tg&@ 100%.during, the Z _amount of time whe Sensor.is
required to obtain thé r(fgtearghng“‘éét gﬁggfé%e% X :lEfrllitsgf m%giﬂr% St@%ﬁl‘:h
1304 THé O3B0 rRMBCE dEcA TSc b ri- Wi e aredeBtep 8804 may

he=peroraad hefore Dfafter-siep=13@2 tln-seimes applications of the
optical sensor, X is about 1 second and 22 WO 2005/106435
FE?AIS$2005/01413F 248 bout Jetrmates: i othdsapplications; X may

henarer oplessetian 1eecand-angdi% fay bedno arless thandecs 1400
rpﬂin}yt%s. Also j’rn some a péicationsghefdgctﬁ]cg/cﬁe for the Z amount of time
i878s< than BBY6 But'ins herBppheatidns” e difF cFdRRRaY §o-asdofrep
ast0 HooTL %% erdbwesr firsnest- 1306, tHeesansures activatediphekriemains,

intbe aativer stateder L-amaundof tipep Theisgnsoripay;be activated by
pégygjéngg JOwer to Eg\ee sensor from an external power source. [0084] In
step 1308 Uing the Z amount BHime Wierr e VE&ishrAs Lt the
radftht sAlEe S5 obramgriserrbbiimember ofttmesrEhat is; it is

apefatedsodbabthe Autycycle of thedadiantsouge is grgatrrthan Q4.
hut I%%sestha%og‘;{o.elg somﬁéparticular embodiments, the duty cycle is
l6Ss fhan B0%h. h afep L3106 &HEFS Shotint BE RTE hE_tefh fromn

WReH Stéf 1Z06waRD dormbdveiedensor is de- activated. Next, the

S ay do_nothing for a perjod of time (step 1312). After step 1312,
tﬁgﬁg%ﬁgsg:%gy?él“%roces% is not comglege, t%en the pgocess

returng Lo step 1404, but only after aboutr X amount of time

~ has elapsed since step 1404 was last performed {step 1412).

[0089] Steps 1404-1406 are typically'repeated for about a
given period of time % (that is, the sensor is active for
about Z2 amount of time before being de-activated). In
process 1400, X is greater than zero (0), ¥ is preferably
less than 3, and X is less than Z. In some application, VY
ig less than or egqual to X/2. In other applicationsg Y may

be less than or egual to X/10.

[0090] The configuratiorn of the radiant source ocver the 7%
period of time (i.e., the time period when the sensor is
active) is illustrated in FIG. 15. As shown in FIG. 15, at
t=0, t=X, t=2X, etc.. the light source is activated for v
amount of time and then de-activated for X-Y amount of time.
Although FIG. 15 illustrates a periodic function, the
function need not be pericdic nor is Y or X required to

remain constant over the % pexriocd.
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to step 1306. [0085] FIG. 14 is a flow chart illustrating a process 1400,
according to another embodiment of the invention, for sensing the

WEESRRA[B9Esconcentration of a substance in a particular areacRieRasS014101
1400 may begin in step 1402, where an optical sensor is positioned in the

deghgd;locatign within the are I(SC%sMmedé%g%%égﬁwmslﬂé‘ of
step 1403, the sensor is activated. For example, the sensor may be
abtiGatEd b DroSRIRG pové R B SEnBeL RENT 8F exterhal powegased

sbaread00863 10 Sten 1404 afterthesenserdsactivated, thg- light sauge
ofthe sensoListyrned an(e.q., the light source is configured to have a

minimum luminous exitance). In step 1405, at some point in time after the

lighbsagrce hasbees tugned ﬂlbvarbﬁuﬂlutﬂﬂhQ%%@t%?tfgiég@é 23
005/ PCT/US2005/014101 determi nd, preferably,
yg(%)r%"edg%r?%ep 192&60 whic 91%: per ad gboa%e&aﬁr%o%% R
SEEP 1404 iShBeFERFRRESheTigirrernEsds hameelfoff. [008Tianastep 1408,
artelessnation ismade as{oi Whetber progess 400 igrgqg%@g@gi:ggns or

e I 1400, may be c lete when Z amount of time has
e%fp%dgéﬁié%%§p1ﬁ4 49W%é§,sﬁ S %T;?Poc??r{\:&(fﬁf the %rgtcéee 3 £ omptdt,
iR She d6ndGisvdd-attivated (step 1410). After the sensor is

~ desactivated, the senso y be re-activated at a later time. For example,
'in?g%%\aj embodinieite, {thg%séng%? isfEl IR Be Activafe PB RS
eBeh @Ay i6r ayebioThad, in thesewmbbeirmentatesénsorises having

re-activated AP oK t@zﬂ@@sc@cﬁa@_@nﬂt@%@é‘ﬁiyﬁtﬂmge and amplitude
{i.e., intensity) within a certain amplitude range. In step
1605, a measurement from an output of the optical sensor's
photodetector is obtained at some point in time aftar step
1604 is performed, and, preferably, before step 1806 is

performed.

[0094] In step 1606, which is performed after ¥ amount of
time has elapsed since step 1604 was performed, the light
gource 1s configured so that it does not output
electromagnetic waves or the source is configured to output
electromagnetic waves having a frequency that is not within
the certain freguency range and/or having an amplitude that
is lower than the lowest amplitude in the certain amplitude
range. Preferably, the amplitude of the wave, if any,
emitted in step 1606, is less than the lowest amplitude

within the certain amplitude range.

[0095] In step 1608, a determination is made az to
whether the sensor has been operating for a sufficiently
long enough period. If it has, the sensor is may be de-

activated (step 1610), but if it has not, then the process
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[0088] If the process is not complete, then the process returns to step
1404, but only after about X amount of time has elapsed since step 1404

- wesdasigaeformed (step 1412). [0089] Steps 1404-1406 are &pikaihs/o14101
repeated for about a given period of time Z (that is, the sensor is active

fq:re &P&Jt amsqcunt %f t'rEe t%%fore being de-activated). In process 1400,
X i greater thar 28ra (0) Vs BreferafiP leSEtRamSCHHy Ris FEE than
Z9nsorme dpptieatibe, Yeid faswtinm of eguab td 502. In afhenapplieations

Yimay, heless-hansar aayakta-%440./0090] Thesgenfiguratian of the ;.

rg%@@rgtso%c%fver the Z peréo of time (i.e., the time period when the
Sensor is actlvelsels]ﬁfusstfz“a%% iR FIG. 15. As shown in FIG. 15, at t=0,

t3¥0 584X, etq.s the light souree i3 activated.for, ¥ ;gmount of time and

then de-activated for X-Y amount of time, Although FIG. T ﬁlpstrates a
peHOdTe Tnctish, theS Fdm&icH nEB8 RBBEperitRRE or fs Y8E Sefeiuired
t@Oﬁe&ﬂaﬁegonmm@llheiZ_lpenedcadgw&aﬂﬂ&lﬂl%ﬂaﬁ 1606 the
RUEALS 20050 01,, 10090 BpelOrming AIGCRTRde00, MR UselLl iy s

lifetime of the optical sensor's indicator molecules can be increased
becalRe theligh 36Ut EGE $o t EHMUGSIF *ahi e (ea bhteap SiRese
isadtive. [0002de@:i<tBis a flow chart illustrating a process 1600,
according to another embodiment of the invention, for sensing the

pr888Ake or dorftertrativh 8f & SibktinaagBeessLieTIoThAPDEFn in
stepis02, wiherecamopticat sensasyisiositieneddn ¢ba tlesiraghlocatipn:
IQ&E@B&%’EQQ §%H§Q>q:ls a%%"@ﬁ:@s nen-iimiting example,
resisters R1 and R2 are a voltage divider, with filter
capacitor C2, that together supply a reference voltage to
comparator Ul input pin 5. When power is first applied to
the circuit, capacitor Cl is discharged. With comparator UL
positive input pin 5 higher than negative input pin 6,
output pin 7 supplies veoltage to light LED DL through
current limit resistor R4. Capacitor Cl charges toward the
applied power voltage through resistor R3. When C1 voltage
pasges the reference voltage, Ul negative input pin 6
becomes higher than positive input pin 5. UL output pin 7

then falls to —v, turning off LED D1.

[0098] Other reference voltages also could be used. For
example, a commercial voltage reference integrated ecircuit

or a Zener diode could be used,. Also; other devices, such

as an op amp, could be used instead of the comparator

cgircuit illustrated in FICG. 17.

[0099] In addition to the processes described above
related to the operation of an optical sensor, the present

invention also provides a process for determining a desired
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[0093] In step 1604, the light source of the optical sensor is configured to
output electromagnetic waves having a frequency within a certain

Wweasneyssange and amplitude (i.e., intensity) within a certapg-gkiisdr s101
range. In step 1605, a measurement from an output of the optical

sensor's _photodetector.is ghtained at so oint in time after step 1604
EIERr BT 2, Serarthy, BoOre S b B, ToRaT Thmo
stEs 168%8- whiehas werforided afterry apidgatlot envehas elapsed since

S 604 w. erformed, the light source js configured so that it does
ng?ﬂolllﬁgat eﬁ%drﬁaé;nlesticawfa%/%‘g g%ﬁ%tsé"ér%éslgrcaoﬁﬂfb%r@d%otﬁﬁﬁﬁt
eléétforfrig ricticewaiesimving esfregdedetharislrothwithirhehe B rtainan

fegeienay rnge andjerhaving.an amplitudedhat ds lgwer, thar the lowest
acgplgl:ictude in tlpe certain_ amplitude range. ,Preferabl;g the amplitude of the
I

WAVE SRRy, emited inStep Ta86° ek s haf 1he Ibfest afisiitidERe
witlihaheae rmiheamptitideordrgesied 961 th stée 16081 eedetesnsnatiemss

@@@ﬁiﬁ&’%d\éh?ftfﬁg é*&%ﬁheﬂ@@é h @@egmc%ﬁﬁéag @gg%g jitgf'teeg%lgl (%5@9
enoug eriod, If It has, the sensor Is may be de- activated (step
ST PR o HHeH T brBee SLooa Hes 3005, Tomieses oo o deszade

POTH3S200513141 @k imtonrs tostap:1604<afteirtar detaynotXodrimunt of v
time omeasised fram the;perfarmance afstepd 606 AfterSIeR1 QLA e v
process may return to step 1603 after a certain, amount of time has
PS80 1I006T L BTOREEE 100" Frocdstnd calrofealy b
th@ajteﬂm&omg@gﬂca]@ngm%s rolida®t sensor ig activated.
[00101] In step 1806, the total cumulative activation time
for the senscor is determined. For example, if the sensor is
designed to be activated for 7 minutes 5 times every day for
365 days, then the total cumulative activation time of the
sensor is (7x5x365= 12775 minutes). In step 1808, the duty
cycle for the LED is determined by dividing the time
determined in step 1804 by the time determined in step 1806.
Accordingly, the duty cycle is the percentage of time the
LED is on during the periocd cf time when the sensor is

active,.

[00102] FIG. 19 is & flow chaxrt illustrating a process
1900 for determining the useful product lifetime of an
optical sensor, wherein the sensor has an LED that when
turned on is driven with a Y mA current, the LED is turned
on for the same amount of time each day, and the useful
product life is defined as the amount of time it takes for
the output intensity of the indicator molecules of the

sensor to degrade to X% of thelr original output intensity.
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molecules, especially in the case where in step 1606 the source is
configured to not output any electromagnetic waves or to output such

wavyesauiag a relatively small amplitude and/or low frequepey (097414101
FIG. 17 is a circuit diagram illustrating an example of a circuit that may be

u ontr I] rce of the sensor. In thi -limjting example,
O e e s o
tdgetHA I Py ereteRfncOVbRaED ChpaTatorutinplt prnsowher
pbavertisfirstiapplied siﬁeﬁklaehrquittﬁapaﬁ.ﬁghh@ tsrdischarged DMy fox
C ; itive.in in 5 higher than negative input pin 6,
L e S B AR G T RSt
R# E&patitbPEIEhardes toward the tappliedpbvwembsitagethirbugbus 1y
resistareR 3: WhegHEl wiiage:passes the reference vgltage bl negativey

ingut pin, 6 egomes higher than positive, input.pin 5. UL output pin 7 then
falls tcgl Iip\l/iet%%ning of i%gﬁnﬁe O@%‘]egt er re erle?lc%%\?ol arg%sea%%rgﬂa
berasetiikor Rexarmpie Wennithercar veragesetaente intdgratdcircuit

0 r diode could ed. Also, other devices, such as an op amp,
cfﬁ?dz' g%fuse Thétesd of t Lées’c%r%%a?g%:oarl FEGFHuSHatsdIR Festy Fhe
[6699) A AdBficteipiseessesidastribeg@boven related 16te the

opesationof A eptical-senson dhe-RIeseat Jovanior also pravidesdr of
roces r determjnin WQ 2005/106435

P éf% 19 8 desired, 20 W ]
PCTIUS300B/014T01 "ddty &y cid OF the Iight SBUTER arftfa protess for
detERTIRINGSthE uSERY pkBAGet lifruf ancoptioal seiisbhe amount of time
determined in step 1904 is 10000 minutes and the LED will be
on for not more than 10 minutes each day, then the useful
product life of the sensor will be approximately 10000/10 =
1000 days,

[00105] A non-limiting example of a process for
determining a desired duty cycle for an optical sensor is
described as £ollows. In accordance with this example, it
is desired that the optical sensor be used 5 times per day,
with each use being 7 minutes long, over 365 days (1 year).
During each use, the LED is on for a total of 150 ms per
sample, with a sample occurring once every second during
use. The LED is driven by a square wave and therefore has a

' duty cycle of 50%., This application requires that the
sengor stay within 10% of its original output intensity over
the course of a year under conditions as compared to its

initial output intensity.

[tcl1o6] The amount of LED on-time can be calculated for

this exemple as follows.
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[00100] FIG. 18 is a flow chart illustrating a process 1800 for determining
a desired duty cycle for the LED of an optical sensor, wherein the LED is

wovemsmwitaza Y mA current. Process 1800 may begin in steppi@Q22wiaeia101
the indicator molecules to be used with the optical sensor are identified.

In step 1804, the amaunt of fime. it take the output intensity of the
indicatorﬁmoleculesr%o degrade fo %(%% jf-j t%air%ﬁr&n %ufbeuﬁrgtens% uses
when cBRTNEBUSIY" expréed sy meenyteed from the LED being driven

with a \é)mg%g#rrgnt isigegecrr%iggdéquerse \C( mA is the drive current that
will be {ided Whef the optical Sensor is ativatad. fouTbifif stéie 1868:e
the totatcindlatRErd@R agion trevter the sensor is determined. For

exampl y if @ee sensor i% es%?ed to be activated forﬁ? minutes 5 times
every day for-365days. Hef e 16t RIMIEHVESActivatibrithmetertee
sensoris ¢7x5x36%= 12775=mimstesysh. step 1808, the duty cycle for the

LED is%etermined gglé-div,iding the time determined in step 1804 by the
time detérMEFiITHED 1898, A dhGhoWR diBPcyEBIeThds used
percenfage 6t iifhe o UsEDds0nidaiing the, perod of imewheamthe =

sensorg saetive. 0 9021 FlG, 1§ei§xag flow chart illustrating a process
1900 for determining the useful product lifetime of an optical sensor,

whereif thEsensorthasap 1ED that whesvtumeadkonis diivepowithswXs .
mA current, the LED is turned on for the same amount of time each day,

and theé® UsERAMpPFSAGEIRE T HefRdPas the aPhEaAEsT fifke it ey for LED
the outpnit inteasiy of the éndicataameleculss:ofiber-sersqr tmdagrade to
X% of their.edginal SLIPULINERSIN. 27, vear.
7} From eguation 6, one may comvert 114,9%75,000ms per
vear = 114,978 seconds per vear = 31.94 hours LED on-
time per year, at 50% duty-cycle.

[oolo7] Thus, the requirements of this application are
that the LED be able to run for approximately 21.94 hours
continucusly, at 50% duty-cyecle, and still have the output

intensity of the sensor remain within 10% of its original

Cvalue.

[oolo8] In this example, the sensor output intengity vs.
LED operating time at ImA reveals that the sensor output
intensity will degrade to 90% of its original value in 23
hours of continuous use, at 50% duty-cycle. Because this is
not emnough LED on-time for this specific application, the
duty~cycle can be changed to compensate. For example,
changing the duty cycle to 25% (or half of its value) will
half the LED on-time and thus decrease the amount of photo-

bleaching of the indicator. The sensor's lifetime will, in
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WO 2005/106435 PCT/US2005/014101 [00103] Process 1900 may begin
in step 1902, where the indicator molecules to be used with the optical

wensnEsesidentified. In step 1904, the amount of time it takeg-faisibe /14101
output intensity of the indicator molecules to degrade to X% of their

ofiginaluiput intensity, when,continuiously, expased tg light emitted from
the LED being driven W%Zh aY mA clrrent is&é%l?%slrer%iﬁqec& whete ¥'mA is
the-BrfvE Surrent that will be used when the optical sensor is activated.

[ In st 906, the total amount of time that the LED will be on
e%%ﬁq%ypis g&érrﬁi%%ﬁr%%fecg %%8?%‘3%35%1?&8&&9@&5 a square-

de&t&imnirletEb g eiviend tte BRfounfef titmehletemhmerfintite pvt9@4 byhthe
amouat-afime: defermines irsten: 1906: £ok examplexil theamount of .
ti d ined in step 1904 is 10000 minutes and the LED will be_on
fggl %31 %E%r%gt %a&ﬁ chg %m %?theqséé%c%aglg ,épﬁxe%tth%nusé:ful SSOURAEE lifd Bfthe
SEHSbIRGR bErapproXifatefRrd0800 A% h 1080tdays {00405 Bween: on
nendlimiting exasyslecsl apsoeess far: daternining a,desired duty. cyele.for,
optical sensor is_described as follows. In accordance with this

3%%@ it e'i[gﬁd%rsgl:r%% that t éi%%%‘é)w s%ﬁs%?‘%‘é‘ip&éaed BQihe&s Perihty,2
Wit eadf useeh &L e mirdesféndosver 365 dufstileyeany L During edchs

uses ¢he tRDisDRfora fetakof 158ansnekgample nith-a.sample.
OICQ&E@QQI%}?@ ever. gﬁ%%nd duri)neg Juse. The LED is_driven by a square

s_an

wave and therefore has a_ duty cycle o 5098 s EpshifkGtioh reifres
tHatthe deisor’Stagamithidatoveotitabriginal output intensity over the

C f a r under conditions as compared to its initial output
ié&g&ggﬁ yg% any oé:gke glmes listed in this example are

decreased, it will decrease the total on-time of the LED and
thus extend the lifetime of the semsor by preserving the
intensity of the indicator molecules. For example,
decreasing the‘number of days per year the device is used,
decreasing the number of uses per day, decreasing the number
of samples per use, decreasing the length of time the LED is
on during a sample, and decreasing the duéywcycle of the LED
drive will extend the lifetime. of the gensor. A simple
formula can be used to obtain the total LED on-time per

vear:

[00111] Total LED on-time per year = (number of days per
yvear the device is used) * (number of uses per day) *
(number of samples per use) * (length of time the LED is on
during a sample} * (dutv-cycle of the LED drive)

[00112] The optical sensors described herein are not
limited to any particular application or cperating
environment. For example, sensors accoxrding te the present

invention may be implanted into a person and used to measure
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[00106] The amount of LED on-time can be calculated for this example as
follows. 28 WO 2005/106435 PCT/US2005/014101 1) In one year, there

We2086%0elass per year) * (5 uses per day) = 1,825 uses perpeaghisachor
sample occurs at 1 second intervals, so there are 60 samples per minute.
3)Lhereake; (60 ggﬂegﬁ) inéJte * (7 minutes per .use) = 420
saarlnples perlus<§.§4) Using %ﬁrgﬁoné%a%% %ﬁggg,ﬁ%%dgeﬁ%lgi's’used for
(A2DCFRpleFPeetse FeXEBD5 6563 per year) _ 766,500 samples per

y or each.sample, the sensoy's LED is on for 150ms. 6) From
e e B ST LAREE 2 (K5 S of £ 55500
FRPREpEryER) 1 Brs beesatnpl)bed4:0¥5000his peoydarky)
H@@@ﬁqﬂa&@n&meyhmeﬂe%M&@s%%@ B WeRISE 1&%&%@?
seconds ear = 31.94 hours LED on- time per year, at 50% duty-cycle.
[8%%57] ﬁ’%%ursy‘ﬁ%e :r‘é"a“&lg&ﬁ%e%r%s of thiS4p p%r‘[:‘;eau FPAfE-thaPthe ERES bet
dpie t8FERTBE apprexiriaelyF 32104 hevls beoritimidsly bat 8896 of the
mﬁm{c@mﬁaa r%y&mgyt%m@ﬂamegtlt@eafegﬁem:a”@én YUtiReq
10% of.its original _value. [00108] In.this example, the sensar output
iﬁ?eér)l%fsit%/nvséc%%é%ﬁgﬁaﬁ? r‘{L g % rﬁo: e?1 ]%t }?Lctr%ixorg\l/rél Iscr}ﬁtzﬁﬁe G Sté)]?%jt.ﬁput
iREBHSTE R degrade to 90% of its original value in 23 hours of

continuous use, at 50% duty-cycle. Because this is not enough LED
on-time for this specific application, the
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duty-cycle can be changed to compensate. For example, changing the
duty cycle to 25% (or half of its value) will half the LED on-time and thus
decrease the amount of photo- bleaching of the indicator. The sensor's
Metinie viaimbt 29 WO 2005/106435 PCT/US2005/014101 this specific
example, be close to double its original lifetime. [00109] The 50%
duty-cycle comes from the use of a square- wave that drives the LED. For
edeh cydeTsting WanerassingR e dintmgganeoiich sasetihatdwaioagtive,

is configERPRESuieNBtehes ﬁ%@%ﬁ%@'%@%ﬂéé neeeonds. éhgﬁ'bstance
switches o\&hfor "t", and so forth, alternati %3% between on and off. Half of

withinga fiRec 18I AN HAPETTh TR itnRUHe Thisnclrpist cPalRgas igRving an
opticabxanpigetetbeta afedibtbpititecoeyetacand dft fontRidiheeairtbditycladiant

sourcén ﬁpésm‘éﬂ?c?d e j’%ﬁ's on- -time will be halved for the same usage

requirements an can be run longer and still stay within the 10%

d%@f@ﬁﬁaﬁgth@ﬁp{mﬂé&kw&ﬁ SRetipesdi %ﬂ%ddméi%%merﬁ%m

decreased, it will decrease the total on-time of the LED and thus extend
sourchis reRtREAMRYSRIBF b BReIRIVA RTINS thtdsiag of taadieathe optical
sensanelaecties. For example, decreasing the number of days per year the
device is used, decreasing the number of uses per day, decreasing the

néthBestiensaninepied seaselcdadenfianavidtigtheodiafe the LED is on
dt@i@@smﬁa@ pd@e anl @@cg%agmg fhe slupereyeleoithgmddeit drivedll aser

extend th me -of the se or A S|mple formula can be used to obtain

perfortﬁ’é”?o?&?‘?_ Wi e°fr9§?

() operating the radiant source so that the duty cycle of the radiant source is
greater than 0% but less than 100% during said Z amount of time when the opfical.
sensor is active; and

@) de-activating the optical sensor after said Z amount of time has elapsed,

wherein Z is determined prior to activating the optical sensor

2. The method of claim 1, wherein the duty cycle is less than or equal to
about 50%
3. The method of claim 1, wherein the duty cycle is less than or equal to

about 10%.

4 The method of claim 1, wherein the duty cycle is less than or equal to
about 1%.

{a2
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[00111] Total LED on-time per year = (number of days per year the

device is used) * (number of uses per day) * (number of sampl er use
W?I(Zé Oafhﬁf(;#fime the LED is on during a sample) * (duty-cycl%gg?ﬁﬁ%) DE) 101

drive) [00112] The optical sensors described herein are not limited to any
particular application or operating environment. For example, sensors

according to-He preseRl; inventian may %Ql@fﬂt%%é”@u%i?e&%@@s
sed t(% measure 30 WO 2005/106435 PCT/US2005/014101 various

t)ilce)fosgicgf‘ﬁnS@tgéqﬁ?i{hetﬁuﬁ?é’ﬁbodjy%(e.g., glucose, oxygen, toxins, etc).
[00113] While various embodiments/variations of the present invention

have bgen desglibed abavesit.showd be phderstogd that they. haye been
prgsegt%% %?{,iwag of example only, and not limitation. Thus, the breadth
dhd scopé of tie Bresent invention should not be limited by any of the

above-described exemplary embodiments, but should be defined only in

accordance with the faliewing elaims and their_equivalents, 31 What s

'cI%im%d is: 1. A ngethod for increasing the lifetime of an optical sensor
R&EhaR Jedie" S configured to obtain data regarding the presence or
concentration of a substance within an area, wherein the optical sensor

includeg, (i) ingicator relecyies havipg an,Rpfical,chatacteristic that is
aff,ectgd by the presence of the substance and (ii) a radiant source, the
method tomprising: (a) utilizing the optical sensor configured so that the

duty cycle of the radiant source is greater than 0% but less than 100%
during the period oftimesvhenthe:gptcal, Sensonis,actives, .. -

minutes.

10. 7The method of claim 1, wherein the optical sensor
is activated for approximately 200 milliseconds every
approximately 2 minutes.

11. The method of claim 10, wherein the radiant source
is activated for approximately 100 milliseconds of the
approkimately 200 milliseconds the optical sensor isg

activated.

i2. The method of claim 1, wherein the indicator

molecules are fluorescent.

13. The method of claim 1, wherein the radiant source

comprises a light emitting diode (LED).

14d. The method of claim 1, wherein the drive current

used to drive the LED is about less than or equal to 3 ma.

33



(b) positioning the optical sensor at a location within the area; (0 activating
thelt\g\ﬁ%ical sensor for a period of Z amount of time after performing step

6} ANRERSHSZ is greater than O; (d) operating the radiant soufE&/E5§5014101

the duty cycle of the radiant source is greater than 0% but less than
100% during said Z amount of time when the optical. sensor is active;

and (¢) de-aciation.dae ertical sensos pltel sl £ amount affime fias, ..
elléié)esed, wherein Z is determined prior to activating the optical Sensor 2.
T

e method of Faiit 1, Witersin #he Huty 256l sethamerle fealions -

about 50% 3. The method of claim 1, wherein the duty cycle is less than

or equal §o abaut 10% & Themethod of C@ﬂ@r%iwh\g%%i”d@&d“@ Sucle,
is less than_or equal to _about 1%. 32 WO 2005/1064 ¢ curren
P‘i‘?ﬂ%§508§fdff4f6’f 5EPhé tnéltidtFof BRFmRaRhereifrield iy dyeid is

less than or equal to about .1%. 6. The method of claim 1, wherein Z is

about .340 abgut 20.minutes. Z; The method of claim 1, wherein Z is
abou{Ll to about 10 minutes. B. The méthod o éair?w%f wherein %?fther
aboTt T FfirtitEs o “Pe THEMBH of claim 1, wherein Z is about 2 minutes.

10. The method of claim 1, wherein the optical sensor is activated for

approximately:20Qmillisacands eyery ;approximalely,2 mingtes, 1. The
method of claim 10, wherein the radiant source
molecules are absorbance-type indicator molecules.

1%. A method for increasing the useful iifetime of an
optical senszor that provides data regarding the presencs or
concentration of a substance within an area, wherein the
optical sensor includes (i} indicator molecules having an
optical characteristic that is affected by the presence of
the substance, (ii) a radiant source and (iidi) a
photodetector, the method comprising:

(a} positioning the sensor in a location in the area;

(b} activating the sensor, thereby placing the sensor
in an active state;

(¢} after performing step (b), utilizing the radiant
source configured so that the radiant source outputs
electromagnetic waves having a fregquency within a certain
frequency range and having an amplitude within a certatin
amplitude range;

(d) obtaining a first measurement from an output of
sald photodetector at some point in time after performing
step (c};

(@) after ¥ amount of time has elapsed since step (o)

was performed and while the sensor is still in an active
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is activated for approximately 100 milliseconds of the approximately 200
milliseconds the optical sensor is activated. 12. The method of claim 1,
wherein the indicator molecules are fluorescent. 13. The method of claim

e R R R e PR
electrghnaniiss Wﬁ%péqﬂﬁikt@ﬁm;aﬂarW@@@S&dﬁ@d%d_so that the radiant
sourd8 lifble @A AIMHekowhiesMRe Ry 2Telalm Ly, whe 'l@st?‘?h%vqxg lowest

current used to drive the LED is about less than or equal to 2 mA..

frequenty HletRtt STaRiIetARe RN Tt R AYIRe RN ABR ity dRithatie lespthan
the icwesh autdissedsait eqraintarhpitAdd Yargae method of claim 1, wherein
th Sor-f k, 10C) S ling element. 18. The method of ¢laim 1,
SR e BT (1RE VL IRTEN b Sien T uas prfinaend
while 5 g6fieRR&d ol ABlEIfiPEe hecRABRitRALes santpiied sedsdrifimtadiant

sourceroutpes daiapagiiag tW\M@ﬁ@Kl)E@ Qr fr@@ﬂ@lﬁ%\ﬁrm% (ga@dség?gt @{‘ﬁ@ uency
within.an area, wherein the, optical sensor inclydes (i) indicator maolecules

g e B R T A TR ) B B e B e 2t

than zefestaf@segigrdherdidnt source and (iii) a photodetector, the method
COIPGisIgin(RS ResHIRNIAGING SRBSOH UM PICRHAR &t g?a‘?d?ﬁ@éoé@es}o at
activating the sensor, thereby placing the sensor in an active state; CS
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{h) after N amount of time has elapsed since step (f) was performed and while the
sensor is in the active state, utilizing the radiant source configured so that the radiant
source does not output electromagnetic waves or utilizing the radiant source configured
so that the radiant source outputs electromagnetic waves having a frequency that is less
than the lowest frequency within said certain frequency range andior having an amplitude
that is less than the lowest amplitude within said certain ampiitude ranges, wherein N is

less than X; and

(y deactivating the sensor after Z amount of time has elapsed, where Z is greater
than X.

20, The method of claim 19, wherein X is less than about 5 minutes.

21. The method of claim 19, wherein Y is less than X/2.



source configured so that the radiant source outputs electromagnetic
waves having a frequency within a certain frequency range and having an
amplitude within a certain amplitude range; (d) obtaining a first
sur of ,sai otodetector at some, pgint.in time
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step (c) was performed and while the sensor is still in an active 34 state,
utiizing the radiasl spuismoantigiashse hatthedadantseskge does not
output electromagnetic waves or utilizing the radiant source configured so
that the radiant source outputs electromagnetic waves having a
fréguenciithanisiieds thanithe ld@esvhsaguetiey didadtocerairdiesuengy
fluorek@R@e and/or having an amplitude that is less than the lowest amplitude of
said certain amplitude range; (f) utilizing, after X amount of time has
elapsed since step (c) was performed and while the sensor is in the
active statey thetraeiant sarcecoMisniedio thabeRUBNERWPHES 2 iight
’tt'OUt ués Iﬁgomagnetlc waves having a frequency within said certain
emt ]ﬂ%é)ll? ﬁz'? nge and having an amplitude within said certain amplitude
range, wherein X is greater than zero and greater than Y; (g) obtaining a
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in time after performing step (f); after N amount of time has
the stgp 0b SHURIARASPMEIASH EhEUNRING eersintsr diws i aptiveaitaw sual
to theutipisghitaeHadiantsauresconfigured so that the radiant source does not
output electromagnetic waves or utilizing the radiant source configured so
that the radiant source outputs electromagnetic waves having a frequency
that.is ledsethaptiiod |olvekifredSenelandthirtsaidtep riafinafriptewc fhargmsor
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said certain amplitude range, wherein N is less than X; and (i)
deactivating the sensor after Z amount of time has elapsed, where Z is

gr%\ter The method of claim 18, wherein Y and N are both about 150 milliseconds
and X is about 1 second.

28, An optical sensor, comprising:
indicator molecules having an optical characteristic that is affected by the

presence of a substance;
a light source; and
a duty cycle controller configurad to repeatedly turn on the light source for an

amount of time and then turn it off for an amount of time while the optical sensor is being
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than X. 20. The method of claim 19, wherein X is less than about 5
minutes. 21. The method of claim 19, wherein Y is less than X/2. :5 22.
The method of claim 19, wherein Y is less than or equal to X/10. 23. The

. t fclaim 19, wherein Y is less t one second. 24. The method of
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anﬁ@j@j@,éleg@)cﬁ@e Ihemethod of claim 25, wherein step (b) includes the

step of driving the LED with a drive current, wherein the drive current is
about equal to the LED's threshold drive current. 27. The method of claim

1g0whergire thetistpsohsutivatingrthesesoercoonsisasdhe siepastector that
reoe;\rgg_}(bqim%gg\ée.(r_é%gf&cﬁg&g&&gmi&%ﬂég of the sensor. 28. The method of

claim 19, wherein Y and N are both about 150 milliseconds and X is
about 1 second. 29. An optical sensor, comprising: indicator molecules

haying ampsataharaciedstiathesds afierdrd byibenors: F‘c%?%ét#s%r is being

i substance;na light source; and a duty cycle controller configured to
utilized 10 SR 05R NG TGRSR IRIHOSEEREEHEP &h s instastmiB e IR quppfroller
is conffffvecicammoutitofigimecunie thefopticalrsensaia beiagod wiliged Wvery X

amoSElp nr‘réc’e\&gg%gqg 're%?é}qﬁgﬁrﬁ,t_ion of the substance; and an interface,

coupled to the duty cycle controller, to enable a user to configure the duty
cycle controller. 30. The optical sensor of claim 29, further comprising a
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3. The optical sensor of claim 31, wherein Y is about 150 milliseconds and X
is about 1 second.

34 The optical sensor of claim 31, wherein Y is about 100 milliseconds and X
ts about 1 second.

35, The optical sensor of claim 31, wherein Y is about 50 milliseconds and X
is about 1 second.

36. An optical sensor, comprising:

indicator molecutes having an optical characteristic that is affected by the
presence of a substance;

a light source;

control means for repeatedly turning on the light source for an amount of time and
then turning it off for an
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utilized to sense the presence or concentration of the substance, the duty

cycle controller is configured to turn the light source on for not more than

Y amount of time every X amount of time, where X is greater than Y. 32.
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concepfiifierhieaverstanseaBsdt 1 second. 34. The optical sensor of claim 31,
WHRIRiRtfalseaRoub 80 miliseconds arns, iscabostié seaendid2omfifure the
Oq%igal sensor of claim 31, wherein Y is about 50 milliseconds and X is
400U Tsecond. 36. An optical sensor, comprising: indicator molecules
having an optical characteristic that is affected by the presence of a
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~source for an amount of time and then turning it off for an 37 amount of
receivgs dqNhREIRAJMRE AP SR BIRGYURRzed to sense the presence or

concentration of the substance; and an interface, coupled to the control
means, tq enable a user to configure the control means. 37. The optical, .
oo of SAORGA| RHRE: Snmioto s b HE o ol ey Rl peing
emitted from the'fficidatosansedofesrs®Thcooprosestaton of deiraugpiance,

wherein, while the opligal $RESY BPRIRG YD IPEEPS8dhaAraRREHan Y
or concentration of the substance, the control means turns the light

source on for nGERTGE RSVY SEEFRTR BHERF X SUGAIR Are X is

greater than Y. 39. The optical sensor of claim 38, wherein Y is less than

contr

or399qual %gbé)plﬂtcgl(‘lséhsor of claim 38, wherein Y is less than or equal o about
X/2.

40, The optical sensor of ¢laim 38, wherein Y is about 150 milliseconds and X
is about 1 second.

41, An optical sensor, comprising:

indicator molecuies having an optical characteristic that is affected by the
presence of a substance;

a light source that, when turned on, illuminates the indicator molecules;

a photoelectric transducer that receives light emitted from the indicator molecules;

and

a cooling element configured io reduce the temperature of the indicator

molecules.

42. The optical sensor of claim 41, further comprising a duty cycle controlier
for repeatedly furning on the light source for an amount of time and turning off the light

source for an amount of time while the optical sensoris



40. The optical sensor of claim 38, wherein Y is about 150 milliseconds
and X is about 1 second. 41. An optical sensor, comprising: indicator
molecules having an optical characteristic that is affected by the presence
of a substance; a light source that, when turned on, illuminates the

being Ufitiieatar sealeciie sresphotaelectrie ttanisductihthativetzeives light emitted
from the indicator molecules; and a cooling element configured to reduce
the temperature of the indicator molecules. 42. The optical sensor of
cAdim 4T eentealGiRpTRsind daiutd dyeietIntronie 1op /picateeReRIrfimsng

utilizecPid s gt SRHLEER ancamenttabiitrang bsringothéhatighjcrostatolier
for an amount of time while the ical sensor.is 38 being utilized to,sen

s {5 R AU Aol AT e L BETBNER, S5 o BT soHRBPoK

greateckaisn %2, wherein, while the optical sensor is being utilized to sense the
presence or concentration of the substance, the duty cycle controller
turns the light source on for not more than Y seconds every X seconds,
vitfere XTide GretioRirapianply ohalaith & JpHBETLBNS JF QMRS FMEEIR Foout
X/2. isless than or equal to about X/2. 45. A method for increasing the useful
lifetime of an optical sensor, wherein the optical sensor includes indicator

molecules having an optical characteristic that is affected. by the presence.
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at least three distinct points in time within a first time period of a

molechiesy dbsr MFIRACLYRRITNDF time, exciting the indicator molecules for not
museithahagquece tembted &lecabomindhtimbe wteerein Y is less than Z

aggti%gﬁngo&e optical sensor;

after activating the optical sensor and at least three distinct points in time within a
first time period of a predetermined Z amount of time, exciting the indicator molecules for
not more than a predetermined Y amount of time, wherein Y is less than Z and each of
the three points in time is separated from each of the other two points in time by more
than Y amount of time;

in response 1o said Z amount of time having elapsed, operating the optical sensor
50 that the indicator molecules are not excited for at least W amount of time, wherein the
W is greater than 2Z; and

after said W amount of time has elapsed and at least three distinct points in time
within a second time period of Z amount of time, exciting the indicator molecules for not
more than Y amount of ime, wherein Y is less than Z and each of the three points in time

is separated from each of the other two points in time by more than Y amount of time.

45 The method of claim 45, wherein Y is less than Z/3.
47, The method of claim 45, wherein Y is less than Z/10.

48, The method of claim 45, wherein Y is less than Z/100.
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the three points in time is separated from each of the other two points in
time by more than Y amount of time; in response to said Z amount of time
having elapsed, operating the optical sensor so that the indicator
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time, exciting the indicator molecules for not more than Y amount of time,
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from each of the other two points in time by more than Y amount of time.
46. The method of claim 45, wherein Y is less than Z/3. 47. The method
ofglaim inYis| t : . The. f.clai :
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step of placing the optical sensor at a location within the area comprises
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49, wherein the substance is a biological analyte. 51. The method of
claim 50, wherein the biological analyte is glucose. 52. The method of
clain 45 whereinoZ f aistharwdisosin M0 isizesdsanshcolhé seetindd of
claim 52, wherein Y is less than about 1 second. 40
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