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device comprising a radiant source (e.g., a light-emitting
diode - “LED”), fluorescent indicator molecules, 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 molecule
having one or more optical characteristics that are affected
by the local presence of a particular substance. U.S. Pat.
No. 6,330,464, the disclosure of which is incorporated
herein by reference, also describes an optical-based sensing

device.

[003] In the device according to U.S. Pat. No.
5,517,313, the radiant source (a.k.a., the “light” source)
is positioned such that radiation (e.g., visible light or

other wavelengths of electromagnetic waves) emitted by the
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compounds such as sugars.

[005] Advantageously, the photoelectric transducer
element of the device is configured to output a signal that
is 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
element, the photoelectric transducer outputs a signal that
is a function of the amount of light coming from the
indicator molecules. And because the amount of light coming
from the indicator molecules is a function of the

concentration of the local substance, the signal outputted
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excited by a partlcular 1nc1dent wavelength of
electromagnetic energy, an electron is 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.

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

product, anthragquinone, is not £fluorescent).
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[0012] In one aspect, the present invention provides 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 a 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 is active; (b) positioning the
optical sensor at a location within the area; (c¢) activating
the optical sensor for a period of Z amount of time after
performing step (b), wherein % is greater than 0; (d)

operating the radiant source so that the duty cycle of the
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1§6h%des the steps of: (a) positioning the sensor in a
location in the area; (b) activating the sensor, thereby
placing the sensor in an active state; (c) after performing
step (b), configuring the radiant source 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
measurement from an output of the photodetector at some
point in time after performing step (c); (e) after Y amount
of time has elapsed since step (c) was performed and while
the sensor is still in an active state, configuring the
radiant source so that the radiant source does not output
eléctromagnetic waves or configuring the radiant source so
that the radiant source outputs electromagnetic waves having

a frequency that is less than the lowest frequency of the
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[0015] 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 radiant soﬁrce is
“turned off” or dimmed for a period of time between readings
of the photodetector, and, thus, the indicator molecules of
the optical sensor are not continuously illuminated while
the sensor is active, thereby increasing the life of the

indicator molecules.

[0016] In another embodiment, 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 least once

every X amount of time for a continuous Z amount of time,
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lower the temperature of the indicator molecules. Lowering
the temperature of the indicator molecules reduces the rate
of photo-oxidation, and, thus, increases the useful life of

the indicator molecules.

[0019] In another aspect, the present invention provides
a method for determining a maximum duty cycle for a light
source of an optical sensor. In one embodiment, the method
includes the steps of: (a) continuously exposing indicator
molecules to light emitted from a light source, which is
preferably identical or substantially similar to the optical
sensor’s light source; (b) periodically determining the
output intensity of the indicator molecules; (c) determining

the amount of time it takes for the output intensity of the
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[0021] The above and other features and advantages of the
present invention, as well as the structure and operation of
preferred embodiments of the present invention, are

described in detail below with reference to the accompanying

drawings.
BRTIEF 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 to make and use the invention. In the



present invention, as well as the structure and
operation of preferred enbodi nents of the present

WO pwenodsan, are described in detail bel ow wi t hPCT/US2005/014101
reference to the acconpanyifg drawi ngs . BRI EF !

TI T, W 0022]. The accompanyi n
d(?rgg\%ﬁégé, Q\A!{h% eé%?ee%f%r?ecgrlh%?% ehm%]lecraelen lgﬁﬁggﬁ?% %‘grt
focthenspeyi $incltd o lemehtst r ahdd Mardnans venbadi 18t Snost

f . present Jinvention and,.together wth._the, )
dggéi:??%)t?ggng ]%%érﬁﬁweélrcesél vee%folcti%("g(rla{{I St %epii?:ﬁ\ﬁ?ﬁe@
wigfi chhghe nvefwianaminberefidbse @ogersaon skilled in the

pertinent art to nmake and use the invention. In
[09@&d awi NGES - 11 Kies reef dlénseratiderss icetitaahecbdemidcd) of

r [onal l.y. si-mi | ar elements . Additionally, the
eF%gﬂ%%%Pﬁgléggl%c%s]) S61°8 r ef erence nunber identifies
r awi [ ich_th ef erence nunber .first,
[tglggégr s. %2% V!gl é S%eiggﬁa%e%cf ustr &t 3318‘?{ c&teh
degmpdacits wifotarfcexepplanyiapl caldisenser mol 8028ds Mri@er

L ,_depi ct.i. a typical signal degradation
tépgtéa o‘?ﬁg(eg%aﬁ%él icc?rr}lgllglgﬁlaf(‘:ator nol ecul es under

¢al gpgeraty onditipons 0025 I 3is a ,
[tgﬁgtbgh of an gxg%p%esgggﬁgr%fun; RS 5?8?‘%%“?‘1?606’?6]%
PEPGL14(A) is an overlay between FIGS. 2 and 3 .. [0027]
FIG 4(B) is a plot of SNR versus tinme. [0028] FIG 5

[OPRGEL r atRIEs t Hd 2ef flecanobverice dsitivgeh eRPES At Urah D13 .
sensor signal degradation. [0029] FIG 6 is a sketch
[8P2731 pl otFIf. ddB3orsSARcVer safs SMenperatsreidfor a fixed
el apsed operational time. [0030] FIG 7 is an

[PPRBLt r athileh of iddnehiatevnpgonefttecof ofninptdasing

c8RPSPLAGE Yrlisdg b Ongn el TRt 1 9f the invention .

[0029] 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 is an illustration of certain components 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



[0031] FIG 8 is an illustration of certain conponents
an optical sensor according to another enbodi ment of
wo b@siteoseht i on. [0032] FIG 9 is a sketch il uBtT/ES1005014101
the rel ationship between driove current and sou][ce
t 3], FI.G 1 s.an tratlono
dclgltrtt%gl?% Xg %%%n‘%%e an S %gfesenso dCEFYPhEM pre held
camstthet . enbodi ment  of the invention . [0034] FIG 11
is a sketch of a plot of optical sensor lifetine
MBS s soEI@e bl?iiﬂdtxsltnraeab mdmetraem hﬂ>mponents of an

t nd te r ure (T, of the
OS%%E?%% %\glgg consltn) n% g)“% [Zepf| Bét’f%ﬁ es
l@e’lenamnconponents of an opt| cal sensor according to

anot her enbodi nent of the invention. [0036] FIG 13 is
[20B6dw chBFE- i13 ust raffilng ahqmrtoaemslsaeee&dgng b BoEHEs

nt_ o the| vent 003 FIG 14 is a flow
a%%grgg!ﬂ?l%%t%% ing Ogé pro egg a}éc&’%’eﬁ?ﬁ 8- anot her
i me f 4t I nvent i o
@Eg?gh i | ucgt rl{?ﬁggaﬁﬂgyeﬁhp T ar y%@%ﬁﬁyr%w% %fp]échcess
agppirdahg semsorotitieghembodisentopef athed iacentdbng to an

enbodi nent of the invention. [0039] FIG 16 is a flow
[8RART i | 1TEEr &S g a pketelssikioconditiggt anaagéhelary duty

gdj, [ nt| 0040 IG 17 1s a ,
c%??cw tﬁ‘9 i agr aré%lﬁl Isggl Fat ?}%h ansogéﬁpPgeE?F%%iaccciongtlng
tpagn benlpedidndr: ©dntehel ithentight source of the sensor.
[0041] FIG 18 is a flow chart illustrating a process
[P8B9tet erFAG I asdat §loyodtmrt G042ktFhGEind % itSrardlsow

 J i f th
-EhaLhihg USR8 BoRLRSEST. | oAl PLOLALIG, e

usef U an opti
[0040] FIG. 17 is a circuit diagram illustrating an

example circuit that may be used to control the light source

of the sensor.

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

determining a duty cycle.

[0042] FIG. 19 is a flow chart illustrating a process for
determining the useful product lifetime of an optical

sensor.
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 101l. 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



sensor. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODMENT [0043] FIG 1 shows a schematic illustration
wWo@R00&/106@pF esent ati ve conventi onal optical senspeT/LIS05/014101

for detecting the presence dr concentration of a

b . e 1 i.ncl udes indj cator | ecul es
SHIEbRspR M Be e 100, LoshEes, ol 891001 s
(er. ansdaceeas@afler lghatddel ectorent06UEput| 108 afrde

pﬁg%gdéfgg%%%gug&qphic in FIG 1 that the indicator

["fecul es are a key elenent in converting the

nce centration_of the.substance to a
[ﬁgggﬁrabfégg¥%%§1 f%;&%?vﬁ’dﬁggﬁ}a léaeﬁggtF?%%ﬁs the
ipdirehor cwiriulk(s tor b phet baetkestor cbfifdnent 0B HerAor

iscu 0] hot 0-.0xi dati on causes.the i ndi cator
1§grecﬁ$§§ %% %%kF%E'xﬁgggég?"cﬁﬁﬁﬁﬁo %ﬁtlﬁ 1E8RNWor  100.
mbhatuliss tphatarmdedabvonar cansecHehethadi eahPbnents of

nmol ecu rade sqoner than the othe

tq.de conponent s
FREEEnbE L B B P ASOR (oI B etch Shor as
sbiight SoUrael mmﬁtphebxgdﬁa@cmemsefha\éﬂﬁ@@fnudtsh
lifetjnmes typically exceeding_ten year wever , e
CYRUT S b DRSS E ek Bak SBES dogia¥aTan ke 1Yt eHior
momecwalém@agonfﬁ to‘ie@;ﬁtsG gﬁﬂt%@bﬁhw ca&kdgéﬁa%ﬂi@ Sctd:rfditions
LlJustrated in Fl .Whjch is a sketch depicting_a
W&%%%%é?O%ﬁ%yﬁﬁ 4;¥§rangF%nl%I%ﬁluFGFaESﬂv%%t? al2, Which
ibndi ldodh AECWies ENEeHidyPiEahna0PeEgthdg LANHNIO0RS
I.e.,.,constant, tenperature, constant 1|l um nation,
Cgﬁ}ﬁela‘bh%& HHSRERE BRYTEH SoNREREr BYPH7dL . oner adtiean
cofdFt{ods , (it.ke i RbeBshhY ©dmddiatiad atbeprgmi tted from
iihe | ndi cat or npl ecul es decreases significantly over a

hOFtR3elqod 29 CPREEAT D)L Bdc St eSP heor e tdatdon) -

ABDLRGH 6 ate bhe tweakesdnd itik ot BRel LEQ1A TR Pferf tred
conventional sensor is also on the
from the indicator molecules decreases significantly over a

short period of time.

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

useful life of the sensor.

[0046] In a typical optical 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 some background optical noise in such a

system. The noise is somewhat random, but typically remains
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order of hours or days. The present invention,

however, provides an optical sensor and nethod for
we@zioenadi4syy t he useful life of the sensor. [004B(T/US2085/014101

typi cal optical sensor (sed2e.g., sensor 100), the

wﬂﬂ%ghfg 9@&&6@%eﬁ&ﬂﬂﬁﬂﬁ%g§32§§%§O”V%ﬂkf°§a+ﬁgggéketch of

m cro-electronic e devices
ﬁ?oﬁﬁéﬁéh?sb%@kHEQQRﬂ'nmaﬁechenf:ié conponents of the
sensor, along with downstreamanplification circuitry,
(084812 bakerint difdet p@nsbanblrsmdee\h@lckdnbpl, n$t cmdigr be

g ish kClb ta Aasi g o ﬁhgkg g?%naal -Slth 2Re 13 %%23

Optl cal noise in’suc e n0| se I S
pDrapashiomt gy ﬁﬂ@alqoylceehaahsorib/ﬁ tthien sabe ehaté wel dh

ketch of a
S%§?§S?§%%3§%%?§é pF%F %a£§fdﬁ§fflRﬁ??ﬁg?gtﬁ?%£§£nstant
appil s ude ckal rasp avierages hobee pogsliibhudet 6sdikabigid sthd he
s§bg99|t$rﬁglée %. %CHE% rQﬂgrgaﬁE%t§a$f§%$%%tof SNR

concentration of the 'SUb tance _
whiighi ty. a@%quauﬁ|ﬁ@roh givay exragdedasignal s aapsd tadrdent

se anplitud s _kno s the signal to

o B e B Y b e R W a fe 6% - P SR,
hpLghaSi@ﬁ]wait @rfeoﬂerae@ venaa:prm | S0 | Qﬁplblﬁt%llﬁgf daﬂlf‘é“qeemel

n factor overnin he overa esign. In
°§e%§%a? a i aﬁ%é%ﬁegs f & €53 %%ﬁ@@ﬁW@he
prﬁpmi@ntdrm r‘ehelheveh @ftrsmlbhata h8adERiRUed dJh Be

e n, esH%pllshes theﬁgre0|3|qn and resolution with

S

SUFENERE - cBFC b déd SusPngveRkr idva e enFFEES .

24¢wq is an overlay between FIGS. 2 and 3 . [0048] FIG
4(A) shows both the relatively constant noi se backdrop
[aoosug Wi tHI&.he (Aecbhm@gocﬂﬂgrmb du8a t Oy PP QO NEMICAb s e

adat i.on rati,o of these two plots is

|$ﬁ%§¥?§9€&ngl gg(%%c¥%?1§ﬂRs%%?§hsd%?rﬁ? oRogocan
chmmfnﬁﬁ1degradatlon 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) is the usable lifetime of the
sensor, which is determined by the lifetime of the most
labile component, which are the indicator molecules present

within the system.

[0049] We have identified 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
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fromFIG 4(B), the SNRis eroded in direct proportion
to the photo-oxidation which is destroying the signal.
wa@\oosoea3zlef i ned nunerical value of SNR at ti neCT/U$2005/014101
al ong the declining SNR curMe t he sensor bee?nest_
Caus can, no r eci fications
%%?Hgg ?J??on a% laggﬁrggy a?gtfﬁ% that
presabkeekiémiedd idfettime s&nsine da%nd§1 IShdeEQéE%ﬂ§duh¥
dEE |If§tl ‘@f t he nost Iablle conmponent, which are
e I ndi cator nDIecuIes present wthin the system

] id tlfled several factors that affect
ropets agk?ﬁ"% it TERRCSRERET The

t he degradati on o the sensor

R Er T He SN S

use ne a pre%erred STV e
ipRbusenol . faftios tﬂenvéetmmmiﬂuywtastabéfﬁheslﬁéwa the

araneter t hat rn1t extended lifetine
lﬂg%%%:&gg@llce BlPRe £3 agt%?lscear iCRELSRESHRIYw. [RRIBUFS
pFQEQtWXﬂdatibaﬁperatUhemlééﬂﬂiﬁadEdﬁﬁen@k@rﬁllS??hers, the
d directly influ i factor that
f%y?gﬁﬁsﬁggp emﬁge ¥¥ %ﬁﬁ TREF eSSt ol ecul es,
tamle:ramue tilke thpt Acahexsjams 03'quaEQ6ﬂuseW@ hedrs edudat kaR+
en1ca reaction like all _others, the first

G rOmer SQeer THTY e A Fabncet dine reaction
résupeiral ume flasttahedégfzhﬁtllltﬁu BEUaLE O Vs WY @i flQkNE o s .

hat si,n ture increases the rate of the
Tltrleac %?ﬁw s&P?F n$ T R GEPatR YT Higeal

degmhd&ﬁumm ﬁalenu%&slnTmm;eﬁject of increasing
tenperature on sensor signal degradation is shown in

mm 5 . FreBSRIGErom Al Garbbe kbefathde seanllahcdse
the photo-chem cal reaction

er at u I eases,
571 IF6r BEQERTCRE s TERECHRY gt warsy dasesesarat
sﬁé&ﬂéﬁ(Mha,okb@eﬁl£ﬁﬁﬁeases, and, therefore, the signal

amplitude, which is based on fluorescent intensity,
decreases proportionately. FIG. 6 is a sketch of a plot of
sensor 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

temperature with respect to longevity. For applications
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anplitude, which is based on fluorescent intensity,
decreases proportionately. FIG 6 is a sketch of a

w@bkos/1af435ensor SNR versus tenperature for a fPXBEUS2005/014101
el apsed operati onal time. [B053] In one aspect,

£sent Ji.nventio rOV|des a sensor. 700
V‘;(nge IEB%E?E E? %awonv‘ée Lo 1aBSFi R l_gfﬁlés)t SHPFAEZ S5 SnBf nERs n
ddvacteerrwer have ef@ind hhasenhor tempetdimitee RN AL Y6 A& as

t he 0 | ecul es 102, at a fixed val ue that
l b” ovi dggﬁﬁ%rﬁ%ﬁ?optl mal condition for |ongevity given

congfraints .o the desi .of th
l%lg% e, ]1[“l %lért%nl‘bnrér TEGUEr ee% Q{Jllsé’tsgteg1 gagtm‘%%njsrb‘?lude
omoonasstopérat%lbatemewpa tleimeieatwe@; ak fBeangb00F

0 system 702 ca nfl ured to
RS pO R R A S PEoRP So0r L irieR, SHPR R e
qoarlgeg 0$y S0t 07 OF mayl dnthedeps I’ﬁitinél%ﬂfp QEaIL UEEi M At rogen

respect Lo 1? _r%ew ty. For applications 13where there

s °roT owe? t on t he tenperature of the device, w

th ete ure could go down .as | ow
asgggr;(nusog%%'—o a% E]arii %?1 Jeﬁ%&ﬁ%&ﬁ?‘%e%oﬂ%t Source
agyis Tedi JQ2omeMo iaeallede or consi st of a Peltier-type

chip devices as used for cooling sem conductor
[66BpbnentEn dm altttielaleabmidnﬁ;erﬁucmaal bPgisy St &M 2 800,

| ude. ' d |tro n or_ot her
o e delE A AR ESk . 06 | W i ro SR L e Bndan
lumghbusoﬂrwe wd unidi eagarativid l@fblilnes on %89@5&0 Vaqd@ha@‘or
h tical _sensor ich is
B i I R B L ERuE P o B PR An G RRFIRE o

mbmm obushdtans, pejfr mnAtra@aﬁﬁr@ts FURBER! 0 ONHIRoSIHS)AC8 hen
if gunit of lig is an Einstein

afld;éﬁl eg;ﬂh§?l NOrE BFSPhT <ﬁ1§taﬁlemfn19\va§af=%ﬁ% s Tgnber

dehs phptNMS)he théber 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, source intensity. Through the
inverse square law, the photon intensity (or flux) will
decrease by the square of the separation distance (d)
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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an Einstein per unit area is a statenent of flux. The
density of the nunber of photons per unit area at the
w@eioatio@ss t he i ndi cator nol ecul es 102 is the ePdBUSI008014101
flux density for our purpos@s herFin dVbrkin? o
ackwar ds flux enS| is.related to a term
éﬁ Eﬁﬁ?ﬁou% M RSPIESER %e?o@ﬁs%ﬁn srdcerfcapl §, highly'
pembc @abhle nﬁldqres'ﬁﬁr?:lu g;bet:lngf : ‘_méefrﬁﬂérs %gﬁ@tﬂﬁmn tihe
oto nt ens. or ux) W ecrease e square
fgfl g i%‘eﬂ%’? aj[ (Sdl slsz?ﬁ‘(?)@rf dFC BEAEEN tPhé}'llFl BResent
JSﬁléhCeoﬂ.O4h@ﬁthetﬁle ¥ haeel 8R2caheare thhe kRAEEai OMrange.
nol ecul es 102 are installed. [0057] Addressed as a
[SOIOBg[] e f alnicotroﬂ\lli hilintiheusVex M dncdyRisbluX ceOin 86t s Ofy,

factors, e determ ned that one effective,
ﬂ?WﬁEt?EaPrﬁﬂ% f81red range of operatlon for the
atlo distance (d) .,is zero 5 centineters
RRYT L e TS B traf e b JeebT: SRPEEeNtS %

rebesiiga aheties e MHNEALoT 2 BDHEC Whegaabeoknshal &thsion
directly onto, ar within, the surface of the Ijght
*CYhFte 108 . “he CARIERECRF BANG PEAGE: (2TS BT

inepgesenl SLED desi @hySuibed 1@nihdusgbyreBpt orhabid s
fl uorescent EPemes in order to maintain the flux at

IPREFY | Rl LS EIREGr 8Pg¥Ror thPa GefhBefr EQBmny surface,

rieBvest i DihgHEWEY ehd ateaﬂytdisﬁanfc%d (89 Ebbs SReGdiiCe.
rangﬂg$[0058 Fact or . _Lum nous Exitance, Source

t 5L 16 bﬁ. Yereteidmed. apobBe] sThEace of the

chtl B: DOMSsdddcanse iaf taiki e SPUEe s, a’I‘ﬂf@%ﬁt@s the
the fl ux denS|téé§t the surface of the em ssion source

LPESRSLCRIPT (FeddSEENEOUTRR i P St &1 Ubr epstty defined at

(anor gand &£, tHEBnrehsaRy b Ml éllé@t@QH§c38Pr& dctr Tr?)%tlcal
flux density, as described above, can I ne

Light stpyirse 15 édiscofiraallnaralased &p hlw @hrmeamr@dy
chtopnihesspuLe 1tL.uLg1 Bgyéllgf% %ﬁcﬁrhétlé@l flax. defined, e

at the surface of
source intensity v1a 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 source and to
the manufacturer of the source. However, this data is made
available by the fabricators for a particular chosen source.
It is 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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em ssion source or in this case where d=0 . This
relates the intensity of the light source to the flux
walensitoos3zief i ned at (d) . Since the intensity PET/ES2005/014101
electronic or electro-opticial |ight source is al so
rive current for that source,

re Iy rel ated t

% ggpoggrfﬁqufﬁgpﬁfhf?l&5? TE Fontih6l POHET s otiF Blain the
peﬁ&em&aﬁyevlfmiﬂutnanscbfleaé SR , C%bhﬁﬁb Eﬁﬁti$ﬁied and
light source (it is i,nportant to note also that
§6u ?’é’e IBfWe‘i‘g( t%%éllgfgt PBHt T ar@Poddis 8) standged
Hoalsahbma sdmirmnénetsmwhdr RYEh6WsH efHe ARE tEOHERChbecome

ntensity is a sinple one and is illustrated in FIG 9
CoRFERDY THE TEIRIA GRRVPTBLTR atRie SRR AL EO ST sass Ly

renavadaso splie-d-alxdideg tEBhYV Ea B th £ &2 R 1 WRKJUBLT. a
source and to the manufacturer of the source. However,

[loiss ] dat agisermage a%akrleaaégcnb%édl &-cfaRkh baah 0f Sod@fech
articul ar chosen_source, IS inmportant to note that

rESdr ety ﬁr@nphﬁltgooﬁbﬂ??m% Jiaﬁ@ pSweroyenr Hitstance

(EOUr ERe BENOUT PRWOE bSriyi Ga lheeXBlessesbddhyal ts
d[(Eand other units) . A solid state el ectronic source as

488 FIEoTRE %Péoﬁbﬁﬁﬂ F yPiacdla ¢ighEl sQREeR routmut .

Fb@atﬁﬁﬂﬁalnéﬁﬂﬁﬁagkﬁtéolﬂﬁﬁi's&ﬁﬂéé% gﬁ@ﬁ”Qé”fh&ﬁ%”%Mlttlng
the current and de-rating curve. The power, wthin the

IABAESr MeRD | iTHiEaVPOHS BRY thfe aodPreasclnd bed at

peeBRtfe| | etk andssetiehy b Mmddihg %?cedéfffcféﬂ% Nty smuch
| i ke a standard househol d di mmer swi tch oug t he

thrreRotd e rErE6RE UBPN(dediPasienpl e conver si on,
Bomer can al so be directly related to photo- oxi dat i on

[PAPRl as ReSfOrinegssbdbeng [Dogtieraiashorfeabbrteing the

15!@&@11{1@&9!15 8] Jpi-0nghi Qelki’@r;f’veeﬁ: digi \lﬁseyué’@_{\;e a;'Bj further
hot o-oxi dation rate at a %tven di stance (d

1t BFEFRIR| TS Ve cEarFedessBihask thuweser poesd bl etempareture
(OW! T €t NalnPER%EERSE 8¢ }a@n% - gL é@ﬁ%&agﬁd‘}%f e))

For typical solid- state i ‘ght sources suc
Wéﬁ$%@|yﬁf context of a sensor system 1000 (see FIG. 10).
The illustration in FIG. 10 ties together the concepts

discussed thus far.

[0063] FIG. 10 illustrates a sensor system 1000 having a
light source 104 enclosed or partially enclosed by a surface
802 onto or into 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 source 104 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 cooling system 702
(as illustrated in FIG. 7). An operator or a processing
device can configure current controller 1014 and, thereby,

set the amount of drive current.

16



di odes (LEDs) , this value may be as low as 0.5 mA at
present. As these devices becone nore efficient, this

wao booesb@Bxl drive current may decrease. [0062] Bef/08m™05/014101
describing further factors @dffecting the lifetine of

ticah.s |ns |vetofur her
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rOPBokTogtiaR o R hRbERater T, The Patete py e
r@anﬂateoﬁodf otte® drivientarwkhe tp:a:rxaqéda(tadlh@ﬂt Cadfce 104

lecul es 102. Snsor s stem_10Q0 futher i ncl udes a
%gvve(réﬂsu%p Y- ghb%&t 8t hixePowkstance

(slour geyefmd M\Hﬁlheﬂ@.nﬁrb@sél @cﬁllaxfeollraﬁdiﬁ é@ég@ﬂﬂsl@esh the
urren ont rol | 1014 that. is used to adjust the
t }llx\’/e Mty Itgjﬁ \Jf@fepi’gv?}b%tif'toéﬂfiﬁglfjpgﬁ’ﬂds‘btﬂ%%éihe
ra@é. oSeﬁS@ﬁaﬂ.Q%ﬂém)atabﬁo i ncl ude cooling system 702
(as illustrated in FIG 7 ) . An operator or a

[poesassi NEL@eviicd scanskebéh gl & @lloeBE S§6AESO! d@ten

th b t the_amount of drive current.
@QF’ E:isﬁ LIRE s BHEBOVE L FhE HERTE tlFFenBset 5

séb&rht:gds‘lrt ds:cnﬂaiﬁ:e NueNshé Yehd RRngRUee8rENteNsShf rzet s
flux through a distance (d) and the

S?tfﬁgg?saer% %ﬁ/ taghd thEP f Idx PaeNdfey #sSHimiediieg but

cméQEO&ﬁdéﬁﬁﬂaﬁdlnthfr§h§ of hRotra-e¥i-dath of-if il
F éuﬂr nol ecul es. Therefore, the regul ation of the
“rf

‘?I@fﬁ"lﬁﬁ’m??aeﬂnt%p%% §6UFPBE- 104 sets the
e intensit whi ch through a fixed distance (d) , -
[éggé ned By CATEFse " Squidt & 1r&f, P¥staptashed is,

thé U.%ppl/\fttdﬂlo%ﬁbi the eate-0f habe- axidahi .y and thus

agggptable range of d, which, in some cases, may be a small
range. For example, 1f the optical sensor is to be used in
vivo, then the appropriate size of the sensor and, hence, d
is limited. Once d is fixed, it is possible to use this
value to evaluate the other factors discussed herein (e.g.,
drive current) to provide additional design and optimal

operational parameters.

[0067] A constart d establishes 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 cm. Using this 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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rate of signal degradation. [0065] FIG 11 is a sketch

of a plot of sensor system 1000 lifetine versus source
wa@leiosao@ss r ent where the separation di stance (PRQT/HSIH05/014101

the tenperature (T) of the 8ystem are hel d constant.
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Tins okhatt @dboddmeenteh i $hki Bedyve ihctuxixfserﬁ@sa'treld_ﬁré@eﬁ&%ly
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WEFEIHCESHY O ot Vo BEEPERTICTL pr Gilaeaa! FRorfast
pdeskegaban damptd:nada teNer at tonalmipariamker Stn LRO6F] e,
constant d es aQ!ishes the flux at the fluorescent
aSpBRIES® sr&?-%}caec. WGtE PHatd e sffisoRBE apurees, these
ranbacealefidiesk by d are synonyns. As di scussed above,
we determ ned one preferred range at which d shoul d be

[oogell to heo keidirbRNaEr Badbék . tha@Ma fE8EBIthEI Bi fetime of
information to set, the drive current, we determ ned
3 RSP Phe™RITPEMY FErigaFeprekanidesy 8T eEDL & olfRE t o

Luangeus resuidie dodrgshohdaved ueik{( BhGLe?) , syt Gh 1S be
st current _which will activate the source, to

the |o
déSG‘é’F%‘Xe\grféhqunt WS¢t he manufacturer's rated current

f for a solid state source. For a typical SiC or
[&hgr%aseol? afléeﬁrag‘ ‘an"BR ARt R qUse S8UY F?vgn%{ﬁif effts
weaslendtom approxi mately 0.5 millianps to
approximately 40 mllianps . In other enbodi nents, the

[do7oE curmenteneai® PEehepddon apprexhiBliety &8 d@quency
b%pgﬂgxééggéﬁéé:sEghgtl%ﬂgaaq&g qgsahe energy of the photon,
"h" is "Planck's Constant" and "f" is frequency. Frequency is
inversely proportional to wavelength. Therefore, shorter
wavelength photons have a higher energy than longer
wavelength photons. Typical fluorescence excitation occurs at
wavelengths from approximately 200nm to almost 500nm
(although molecules and mechanisms are known for excitation
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 optimal wavelength (or in some

cases wavelengths), will be determined by the indicator
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preferably approxinmately 1 to 2 mllianps. In the
future, as source manufacturers build nore efficient

W@ osaes3s t hese ranges can change . [0068] TwoPCT/US2005/014101
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ek n i catsar..nol ecul es_are (1 I nput
e te Boor o Ihargy SARHITS Sy By fe? ESERCR e
ljanigedc bssedon rs&lﬁqtlblgl (bh/e @é)@ﬁgang%aﬂh) s0r [ogot%]é npi,k_{,rl%t

] Source Energy (or Wavel engt . 7 - e
Slé%erpf:gggf a photon is relat ed to its frequency by the

=y f. th h
T S L

anc

['5%99&‘6”03’11111? MBI By L g@ﬁt 9 av\éelgg%g%he}he

Ther &f ore, Shorter mave ons
d@ﬁ&rgyClﬁamﬁIthgﬁﬁlgwavebangeh wﬂmmmons andypétadnergy
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dekotsenhesehy tihe spegt cacis sbugll ¥ighGayssiad is the
' butlo abou timal absor tlon or . em ssion
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g¢l es; most., . f | orescent speci es that could be
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useﬁngn ﬁndﬁﬁg Bht THET W&l efGPRE (B9 Anidy s

doagesywkwelergiRsformuhté b LGetoptAtBedsdysdheyith
i ndi cator 18nol ecule_itself. Thys, a designer or user

TSPPRC S el G h ASSARH fRbe f Y MeuImiSeRatt inE iereed greatly,

omaelaeng,t b Shadbethen! tigbtaaguIcg1ES) TmEQ07a1] Fact or
cle of the, Light Source. [0072] Unli ke the

BT OP k 8 PPORFSLGIEST Fhe o 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 source can greatly increase the effective
longevity of the indicator molecules, and hence the

longevity of the sensor.

[0073] In an optical sensor, the total and cumulative
radiant energy outputted by the light source drives the
overall extent of photo-oxidation of the indicator
molecules. In other words, when there is no light, there is
no 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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duty cycle of the light source, which is another

ener gy conponent in the design of optical sensors and
wokioshod4ss di fferent (but related to) the phot oPCEIS200Y014101

descri bed above, is variabl2® and under the control of

ens e er/user._The duty cycle, the |ight
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chengeyf tyhof1ilghe seagee. [0073] In an optical sensor,
the total and cumnul ative radi ant energy outputted. by

[bbesi i ghtwes aliee gdekbyesrédeciomenadl bne¥betadPfsensor it is
hoto OX|dat|on of the indicator nol ecules. In other

g%?ﬂ% el aIssrerystap Frgyntiohtheprrrs Fo be operating

oBNBbA- Oxixdaly Ghe TheiEHMikatdd & DRURE &Hénfﬂzl% @Jtltc%ti
surface) over tlne is energy. A typical unit of

SPREPAM S e dysi’s (Jo8 esCRFBIENIEREWEY) ( J ot evgny=

aBpliSaf NAVET )b $ V\EEQBQ§ sensd: 0044k Dot §c£:h@é Agrﬁ\ﬁﬁrfor a
éEnerg y/ Ti me) is the rate in which energy iIs

BRE L 9h qf. GREPNG ERe tinpR pesufes; |Eodigwswle, in
ohk Nkghd Bndrie EﬁEeoﬁélégﬁnééﬂ§9rd§E|Qgtgéet%5§l ndi cat or

nol ecul es . Accordlngly, hi gher power source
approximately 7 minutes and for approximately 5 times per

day. However, in some embodiments, the optical sensor needs

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

[0076] For‘example, if a reading from the photodetector
106 is required once every second during the period of time
when the optical sensor is active, then it is not required
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 fold.
Similarly, if the light source were powered for only 1/100
of a second every 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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phot o- bl eaches an indicator nolecule nore rapidly than

a | ower power source. As can be seen fromthe equation
w@bwsaoe4ahie way to control power is to contr ol P€TIES2088/€14101

at which energy is input irlo the system In the case

the power is
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degradation of SNR, reducing
[0078] Duty cycles 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 asgs 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 illustrates 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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the energy input by 100 fold will increase the
| ongevity of the device by 100 fold for this single

WO 205006433 0077] The appropriate duty cycle of PtiEUBl0gH1014101
source during the period of22ti ne when the sensor is
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for approximately 50 mlliseconds of LED on- ti1ne.
L¥ghs H3GH A4t may be useful for a glucose sensor

0080] FIG 12 illustrates an optical sensor 1200
[A2%F di nd'1Co dAotFRer EROEDREHt 16l usheatinem icowcess

1§@®,SQiccording 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 obtain data regarding the presence or concentration of a
substance within an area at least once every X unit of time
for a continuous Z amount of time. X and % can be anywhere

from seconds to minutes to hours.

[0083] Process 1300 may begin in step 1302, where the
optical sensor is configured so that the duty cycle of the
sensor’'s radiant source is less than 100% during the 2
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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1200 is identical to sensor 700, with the exception

that 2l1sensor 1200 further includes a duty cycle
w@ovsned4ber 1202 and a current control | er 1014pCT82005/014101

conponents of sensor 1200 a&3e preferably encl osed

sin not i ndi cat or nol ecul es
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13 is a flow chart |IIustrat|ng a process 1300
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where the optical sensor is coOn ured so that t
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required to obtain at "I east ‘once ever
tofstgme.306n step 1304, the

[0085] FIG. 14 is a flow chart illustrating a process
1400, according to another embodiment of the invention, for
sensing 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 vivo, 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 source of the sensor is turned on (e.g., the light

source 1is configured to have a minimum luminous exitance) .
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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sensor is placed in a location within the area. Step
1304 may be perforned before or after step 1302. In
wG@oove/1eqps | cati ons of the optical sensor, X i SPEDUS1003014101
second and 227 is about 7 rdnutes. In other
|l ications %%K re or less than 1 second and
a
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[6€88] Ng tITe tPepRBELs O i L UMb g&é@@ Ofndh Séﬂ%Stp%Eéss
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vivo, for exanple) . In step 1403, the sensor

[eeg9dVat edecher 12520l e dhe t%&‘égilﬁaﬁ’eﬁfat%@ 'f%%t QEoQE/ a
provi ding power to the sensor froman externa
gg%ﬁn(ﬁ§rlod of time Z (that is, the sensor is actlve for

about Z amount of time before being de-activated). In

process 1400, X is greater than zero (0), Y is preferably
less than X, and X is less than Z. In some application, Y
is less than or equal to X/2. In other applications Y may

be less than or equal to X/10.

[0090] The configuration of the radiant source over the Z
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 ¥
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 periodic nor is Y or X required to

remain constant over the Z period.
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[0086] In step 1404, after the sensor is activated,

the |ight source of the sensor is turned on (e.g., the
Wwo p@htio@euirce is configured to have a mni num PCNUSINNF014101

exitance) . In step 1405, &5 sone point in tinme after

lLight ,sourc S been turn on, _.an_out put _of the
oot o3 b= G b SRR T i BRBEBL abfetine of
Dh@copdédall$Eﬁdmmdsﬂ4mm1icwhbﬁhméreqnméboFa&dbgbggﬁrégsed
f 1i after step 1404 is perforned, the,
{FERHRE Boe LR Bies ofr oot g sty ehbervale the
cgetienin sabsan is amdeesa S to whet her process 1400 i s

conpl ete. For exanple, process 1400 nay b e conplete

[M98A1Z anbltit 1 fid ianElbascedmpsiad wsicraeislep %ﬂweéhlgis
then the

i St rfornmed. |f e _process is c ete,

1$ 8ﬁé o?glg%r de-hctd VA O(%g‘efs?%lﬁoimt. O%P‘ggie tRESReHFHr for
sieasdeg athé¢ atedbndeh@rs enaeén iyt dore ofeaastbyedesb a t a
P&ggggstigg% For _.exanpl.e, in sone enbodi nents, the

SERSRF 1971 &ty FRSE o 1B &ER 118 e DSTE ABsCRBE gpRsor
ikopoai ybated Hilschd debhese BsRAdIARNt $nt BEeSENE®S, ithe
re-activated about 5 hours after being de-activated.
SFB@@@]leaQW%Wﬁ?%%ess is not conplete, then the

t t 1404, but only after about X
085 o fime R0l HpS et 1mee SrEpohabhe v o

spasbdorieddqatiemrbdl 2 out P08 c2iepRadAftt d 406 Saving
t icalhy repeated for apout a given period o f tine Z
% ¥ﬁ%‘€u‘?%,yt §of F EA Rt i RAIUFFY abpRee ZAntrum ! igufle

(Lige, beiwresihgingidaiach i vatedh ambliPh@sessnddt00.1nXstep
i8 greater than zero (0), Y is preferably |ess than X
19030 XGESWETE TN ARO 21 | LSRR OAp PP calR bR wansor s
phessadthertdy iequdkatfed/ 2 s X?bb‘lﬁﬁ 2PPL LA ANG Yrep
b e less than or equal to 10. [0090] The o

1%&%f%%d¥%ﬁﬁQﬁWe§'faPﬁe PERA AP Ly ouPeEOBY e¥tathel 62 6pési od
pérfoihd® (i.e., the time period when the sensor is
[0094] In step 1606, which is performed after Y amount of
time has elapsed since step 1604 was performed, the light
source is 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 frequency 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 as 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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active) is illustrated in FIG 15. A's shown in FIG
15, at t=0, t=X t=2X etc... the light source is
wa@edsaat4esl for Y anount o f tinme and then de- aptT/Us10e8014101
for X-Y anount of time. Al2hough FIG 1 5 illustrates
he function need not b e

f nct .
rﬁé:?llergla?gl (r:ﬁﬁ’ UI? ]s &ftcﬁr r 8qUF134 Yo % GHAMRt cBRSEHM
mewenrelief ZopetieoherZéHioNd: By fayd anokng REQEESStep

h ful |ifet f th ptical sensor's
116@. c‘é]tf‘%sp‘:ijfg‘feeesgﬁu“?? gslﬁ‘qg’éomﬁ‘%égééloﬁeeéa% 2 heeTtiagm

agouheeof stid reentdlagesaly "on" while the optical
sensor is active. [0092] FIG 16 is a flow chart

[Obbast r atiike @Iﬁfc@&e8$4aﬁpoprc?§é§¥ dis0g &Qnﬁ@:@ém
enmbodi e _invent or sensing t resence
mFr%%ﬁ%eﬁ?‘?Z]ﬁf%&lB‘F 8 E%%t%ﬁ]t‘c“é:alPlsSE‘é% 3 6 dator
nbegtalés, decitdy Whetke ahADLGRL $BNSOL I 8506 the
§05|t| pned in the desired |ocation. In step 1603, the

BREDr 1% scoébfﬁg\‘r’ﬁteéldto[ﬂﬁ*éﬂqutsla@ﬁ eB6gtTemRING g waves -

o%04b Ceughut RrcOPiheal BERSRY d S AaRfi g, el %Lﬁ.littude
é?ctronagnetlc waves having a frequency MAth

Phi Y reREREFYr ange and anplitude (i.e.,
sity) wthin a certain anplitude range. In step
rhééii‘ Mu rdnefit 2f FORTET chegremol i neteptinsalan
eReNSDE ' Sf phetiedet eCtRat ida PRl 8b SONE-POItHe I].r:?.ght
time after step 1604 is perforned, and, preferably,

SHRFOF L 5tdY5 F606°Fs pht fidtifedion86BaTing examplE606,
r¥biheds Mehor apdaafte rvo\fL taag;%u @.‘iv@fief | ey hase 1%.'@3 ed

since step 1604 was perfornme T ght sourcé is
cRRwFHRK é&% 'sahﬁﬁaﬁowt@%@m&oat pafertres randguet to

c&ﬁﬁ&@aﬂ&rﬁﬁ51§BHEC§1ﬁSSCoWﬁk&Ub@@eE°19Q&ﬁ%% applled to
el ect romagneti ¢ waves havi ng a frequenc

Ehet misrite cepesihroF r<é7qw@wspang@e@nd/vmtrhmnm@ranor Ul
pé@@%i&éﬂ¥%thabln 5 higher than negative input pin 6,

output pin 7 supplies voltage to light LED D1 through
current limit resistor R4. Capacitor Cl charges toward the
applied power voltage through resistor R3. When C1 voltage
passes 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 circuit
or a Zener diode could be used. Also, other devices, such
as an op amp, could be used instead of the comparator

circuit illustrated in FIG. 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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is lower than the | owest anplitude in the certain
anplitude range. Preferably, the anplitude of the

WORWE/104485 any, emitted in step 1606, is |ess tPerUS1905/014101
| owest anpl itude within the7certain anplitude range.

095 e 8, .a determination is made as to

é’tﬁ F ?h%JIE @ﬁ%grl s SBBERS o Cl?a‘st iBHfgeese 4or determining
tif fiseifeht pyodwong Iameugh peropeicdl denshas, the sensor
is my be de activated (step 1610), but if it has not,
[0l0e0 01 he PIGCESS JEraeEmbWSch@rBtﬂﬂ_u:ls@:Qﬁt&?beé ]_arcﬁj@is;é/

f. X_anoynt of, tine measur e romthe performance o
1808, T 2808 ST &p féiéeg B hroEess Ty thet ki o an
opi-@pal688nadt prwiereaht @h8 BRDUY dﬁlgtgglmlhasae&a%ed

Li ke process 1400, . process 1 can great y

L“ﬁ(’f?@ se TH eFEfEi‘ 0™y ]Pg%lrbp’tr’r SHePsdf84r ' ¢here "the
inddcagbormenéQCHLEo BepasEAl bt RHN@pEASE1 WSk £t Iure
ste 6ﬁ§ t he source |s configured to not output any
BPBEHFoRRgnett ¢ W G808 £6° GRTIRE SifoR PaveS oAt ok
th%|ahtﬂﬁfylﬁﬁﬁﬂélﬁyn®f|EnglﬁﬁEHéHbﬂ %Wl@ﬁ§98§n@5 degrade

[0097] FIG,17 is a circuit diagramillustrating an

tox&rpPE HRelr Qhigirelt REEPHRYIIHENTSEY WBSRopeRBINUYdIELY
ebbBBEasesr cegid dili@ t2@N8PEm HHk kS KRG !im\'}'éﬁ‘gﬂlth ay

exanple, resisters R and R2 are a voltage divider,
MR CHEFPRE ebs dRfeemigedcovheratY fdgdehshesdppyry qurrent
thetepente,yaldR0enp ¢RAPEE A1 WenisBRUL s PLB: Byardfien
power is first applied to the circuit, capacitor O is
[@os6har getl é@éﬂqlg@@paEﬁéoﬁoéﬂl Q%@bﬁb%?véngyﬁl$aﬂléi time

hi gher than negative input pin 6 , output pin 7
Lot P e%eWN Y dife eGP LET T ampdgh &r Hlentsdaniseirt is

Ae88LALET t&e aQaaq%ltteer £& £har aﬁc%st @W@meé hé‘v&gp'da? for

power voltage through resistor . Wen d vol tage
3pasda¥st hehgefdrefoday o¢v@wtlue REFavagEon npie mifh 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 period of time when the sensor is

active.

[00102] FIG. 19 is a flow chart 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 ¥ 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 their original output intensity.

27



beconmes hi gher than positive input pin 5 . U output

pin 7 then falls to -v, turning off LED DI . [0098]
w@edenoqsed er ence vol tages al so coul d be used. MOF/US2005/014101

exanpl e, a commercial voltage reference integrated

t Z d ld b d. Al th
HoiPdLs, “RedtR TartgotnpeTthut Teridea nkpesd e

miaecaeﬁpamal@afumsr add el bkustwatredtHa opk@cal7seh 909U re

A tion to the processes descri bed above rel at ed
Jﬁgngﬁgh8éeré% dﬂ“ﬁ?%§ﬁ4OpFF€dFm§§H§6ﬁ tiRe pFelekes for

thayv eatbad ﬂhﬁ@asmtg)«/ldie&ha PhaL&ESor @lo1deLEET] BhNGedrade
desired 26duty cycle of the |jght source and a process

Hor®datef +ﬁrﬁf QﬁQB&SQPEPuEr%RERﬁSHWYf@hﬁﬂ gAn bRy ly
Sebsed. tb00IM)] dnliGrekd riksmackd avwre @%&hgl blk-ysbh %iiﬂg aa Y

process 1800 for determ ning a desired duty cycle f

TPh EUEERF bf ISP aeds eHae¥ e WWﬁﬁeﬁsntPﬁedEEzﬁl%urrent

tHaitVEN1 M b 858 MhEUEhEN bt FEOCess 1809 sMBY - Pegidy i n
step 1802, where the indicator nolecules to be used

[oiotbal he optdicald 130BSOELAT Eot LeNridined ol Bift ePhiB8Qse
the ampunt of tinme it takes for the output intensity

LEP vhe!i 7Rl Tarreimsieec diF ede terigsdade Tros KR of 9 Qheithe

u@l’elfﬁ!L Nako QU P UL ANtiangit Y- Whedk %gnhllweyﬁgytﬁépaﬁmtt Qf
ght emitted fromthe LED being driven with a

t&ﬁ?r%ﬁFe¥%9¥ﬁﬁeﬁq“sﬁ@@ 1ﬁﬁ%rhy‘FhﬁAﬁM§uﬂﬁe0§rFVQecurrent

dehatmhdd fe whgn t lo serspf i
actlﬁated [ 00101 f'lﬁ stggr%%%%&ﬁtheg?o?%? %Tﬁﬁﬂ%uﬁ%/tlme

dgEerVaRed it (Sherf 3P 0khéss Q\%Qﬂ nigugesepniinelde FRY will be
ﬁxﬁgplﬁot%oﬂ&%h%%ni@rmi%‘u dgg bﬁhéﬁt&ﬂétl%defﬁﬁf
ay fo 65 da t

7 mnutes 5 tinmes ever hen™ t
rretart chivin «f \réleaéterlearu wahllt iee a@brphemse%wrlq@o/lo =
16655&§¥§5 12775 mnutes) . In step 1808, the duty

cycle Tor the LED is determ ned by dividing the tine

1981681 Ned rldh SLGR A0 AR JF UeHBLELLTAGH TN Step
deterﬁining a desired duty cycle for an optical sensor is
described as follows. 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

sensor stay within 10% of its original output intensity over
the course of a year under conditions as compared to its

initial output intensity.

[00106] The amount of LED on-time can be calculated for

this example as follows.
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Accordingly, the duty cycle is the percentage of tine
the LED is on during the period of tinme when the

W@ emwsn0643% active. [00102] FIG 19 is a fl ow cPer/US2005/014101
illustrating a process 190®9% or determ ning the useful
roduct _lifetinme of an optical vvherelnthe
Sensd! FAsTHn XHH 1 HAF™anBRot (7 GRdBr PESQYPOEh ti th upes
Y mApedr deyny ,= ttheJdsERsks purngshon for the same anount
of tinme each day, and the useful product life is

def i apdEash tdwenF WRicuet btne ddcdmkastbetal Be outild e
intensit%/%of the i ndicator nol ecul es of the sensor to

degr 868 SO RETr mEJFFE?naI output intensity.

27[ 0010 Process 900 n.n s 1902, where
t he Q%dﬁ]éalf or? Isgglg% glh th hé BhRveaeg per

Sensosepre 42119rﬁa:®1@@. pkR s&ep 1904, the amount of
time it takes for the output intensity of the

i ndi ¢atrmmm|eepmlta:amts01de@<ﬂ BleadoreX¥rat toeisr Ord gideal

outp t when contlnuousl exposed to Ilght
eni t Pr omstaﬁré’lI?EDPS’él SHr V(éﬂ%\%ﬂ E}SESYP?FA Y&aTlent

is d@ﬁ@rﬁnmefb,mpa&aaer@ey m.ﬁazrs the drive current that

will be used when the optical sensor is activated.

[ 0016¥]Fdmn estcdp sh9OGe, t hice t odraloraROURD 0F &h Meod hatoms .
the LED will be on each day is determ ned. In step
19086) tm@nusee;fuajtipnsdmcancﬂiﬁedr& detelnt nekk Yensor's LED
di vi d| he ne determned |n st 1904 by

t he armun Otfam?zré%dg@% Ws’l RSt 521906, { ms per
exanpdryld)f =t e 4apDBN00 @hs tyd¥e vdat-erm ned in step 1904
is 10000 m nutes and the LED will be on for not nore

t han7 1(Fmimees téanhé dagne tgn coheeusef b, produsing bbe
of the sen % appr oxi mat el y 10000/ 10 = 1000
Gy Do 0BF AT ORSFPRRE 1R SR eI of o6 e 80t gn-
det erimenipey gedesi sedsohitqugyeheltor an optical sensor
'S
[00107] Thus, the requirements of this application are
that the LED be able to run for approximately 31.94 hours
continuously, at 50% duty-cycle, and still have the output
intensity of the sensor remain within 10% of its original

value.

[00108] In this example, the sensor output intensity vs.
LED operating time at 1mA 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 enough 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

29



described as follows. In accordance with this exanpl e,

it is desired that the optical sensor be used 5 tines
wensdess3s wi t h each use being 7 minutes |ong, PUEDSBE5014101

days (1 year) . During eacl8use, the LEDis on for a

th@gag Qélillscp éQ ‘cm r %ang!l.oée V%I%éiq_ué%an‘gl:grggjg%{ ri ng

once every secon ari'ng use:
lséaammemave and therefore has a duty cycle of 50%)_
This application requires that the sensor stay within
(009981 i tBheor50gi dattyeuirpllé ¢areensdrioph @uerusdeof QlfRare-

under ion as C npar dtgitsinitia
Wg(’? pu%fgl n xélﬁrs%sty}: %&OG] ¥ Gﬁ’F?Sf of EBrd Y qre the
LERndbeve & ignladt da bnr fohi s ceéftaiﬁﬂnedaSaf:QbIllPV\Bt("S 2k ohds,
L ygar, the a 365 days per year uses
ehn IR G ot ip s n aitres IphelCh anmids odeans
S‘Hitthsemncfdrnt"er'vahﬁd SO e ANeecbla PSR on
(60 sanpl es per mnute

. 3 here
aﬁ%ﬂ%%es pef aiE s&f &£ i25”§3ﬁﬂ?é§ ﬁ@raagehahf)o%ﬁ#ﬁ@tlme it
iequafi OMEhik aad Beabnagged hercyeRSAf LS, u{@@%?% gins((')fg)%()
I * (1,825 _uses year) =

12%?5? egc%@:% a%gi) 02 r f@ack ‘ggwafeth?héygé%sorﬂs this
cafd) itheoLHOLN1E0ME. whl) Ba oReaUakboNeLd And %saﬁgne
obtains the s nsor s LED on-tine of (766,500 sanple

TPe ?lfﬁﬁﬁﬁFs*aP%SB 15 SCHerPS A1 epnger 1and 7 iddoms aper

wieain the lﬁﬁoﬂbgﬂﬁéétiﬁh(ibmﬂ%ne may convert
114,975, 000ns per year = 114,975 seconds per year =

[ G150 hOlIrfs ahfzDo ONEhEe: PRSs )ﬂ.&@rcedalnMéjlgﬁén&ﬁ[%l Sre
00107 he_requirenents of this application are

PR owil PP RAFS (iref bPtappPoxt iR eify the. DED and
tﬁﬁ&”éktend the lifetime of the sensor 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 duty-cycle of the LED
drive will extend the lifetime of the sensor. 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
year the device is used) * (number of uses per day) *
(number of samples per use) * (length of time the LED is on
during a sample) * (duty-cycle of the LED drive)

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

invention may be implanted into a person and used to measure
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conti nuously, at 50% duty-cycle, and still have the
output intensity of the sensor remain within 10% of

w0 e®s500448% nal val ue . [00108] In this exanpl e, P€TIES2005/014101
sensor out put intensity vs31LED operating tinme at I mA

v that t sensor _ou tensity mnll degr ade
Va% éﬁ@b%%ofk%g?éi in9§Iﬁ€ g%mﬁauﬁg d¥f (oWt nuous
gﬂaepset &Q@@Qﬂtyxﬁmﬁke.esepause this is not enough LED

on- time for this specific application, the duty-cycle
[oamae chmgmi \iaﬁlmﬁ'peiﬁ:sm:&nefw/v%&ﬂﬁﬁbﬁns changidg

€. ED¥ cle tgﬁa5w % haI its value% wll half
Pt"ﬁe LED BRE TR hoen dicrede dtﬁé?ogﬁnuh grould be
upﬁetsbb@caC&hat’tg tofeyt heveNBé&atfoscHt@aS8PSPAy Sof | :ekigTR
M@ 29tq13 speclflc exanple be close to double
°ft¥ o?f?%ilh%‘? IEethen: [ BI09]tEm &rse%-aue cyrare o

the niese F&roin rients enokhau Sd Uadte Wy @ iR abqa 0b) Vas, td¥e the
F or each cycle_of the wave, the LED &¥|ve si gna

VORI T Bk FEEFRLBHY atiRAfl i mantsg e bBRdghoy bk rbe Yetinea
oW t Dhescfdaadl thensene Anakiion of siSecondso,dhen
swtches on for "t", and so forth, alternating between
PRI EHEHTF. Half of the tine it is on and half of the
time it is off. This can be changed, for exanple, to
be on for al/4 th of the cycle, and off for 3/4thX of
the cycle. In this case, the LED on- tine will be

hal ved for the same usage requirenents and thus can be
run | onger and still stay within the 10% degradati on
[imt. [00110] If any of the tines listed in this
exanpl e are decreased, it will decrease the total
on-time of the LED and thus extend the lifetinme of the
sensor by preserving the intensity of the indicator

nol ecul es. For exanpl e, decreasing the nunber of days
per year the device is used,
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decreasi ng the nunber of uses per day, decreasing the
nunber of sanples per use, decreasing the I ength of

WO pove/10d385 LED i s on during a sanple, and decr eBSi/ns2op$ie14101
duty-cycle of the LED drive2will extend the lifetine

t Sinmple fornmula can be used to obtain
t%g ?%t%f% O'I’%tl nme per year: [00111] Total LED

on-tine per year (nunber of days per year the device

is u ed) uses per d * (nunber o

sanp?es per S%ggpiofléﬁﬁf?ﬁ%%nqiﬁ%?ﬁﬂ@gEEfﬁl%fcﬁP optical

sdusongtlmtsanple) attldut yi€yedreriofurthe tbEBbesiv @ata
sensors descri,bed herein are not

2 e optical
F?ar% %Ftéh f€ﬁ§PFFCBFa?o%ﬁﬁﬂqﬁﬁEﬁPBnoér opiErtansg
wetkin crmentea Fmeeéaﬁptﬁe  SRNSRIS sageerdi Ad1dded he )

esent i nventi.on i npl anted into a person and
use Y ASH &e§oga¥%%%sa%nQﬂﬁﬁjﬁ&thaﬁ@$9@%g§ﬁq¢ fhet is

abfisanedagdy t(t% Presghts 0SE, tIAXYABRLahOXi 53 €110) & radiant
OOllSh:V%l various enpodi nents /variations of the
?%%%ntlF%95%%¥’ nCREREL B descri bed above, it shoul d

be undenstiaddihfatnthey: have seeeerpéeﬁe%ﬁ%ég%eggxﬁef the

e ampl e onl and not limtation. Thus

%kﬂg§§;? 5¥tpﬁerﬁ?e§%%tS?Wﬁﬁ@nﬂﬁoﬁrgﬁE@#cﬁhﬁn e but less
thamtoet Byrany ehetperabove degerihed Eﬁ%ﬂgﬂéiéél sensor

enbodi ments, but should be defined only I n accordance

1%i3H 1% fol | owi ng clai ms and their equi val ents .
31What) b%s@h@bﬂ?ﬂg'§he]optr%aqeggﬂgo£ ¢ 106y %%%H%g @hin

lifetime of an optical sensor that, en active,
Eh%f4iSGired to obtain data regardlng t he presence or

conce@t kakh A Ohy atﬁélbfﬁt%%@ %LQ&P Al af %aerl‘“‘ae

t he optical sensor incl (1) 1ndicator morecul’
mﬁ%ﬁ#hgfaﬁlﬁﬁtPébﬁrdﬁﬁﬁ%ewemgsﬁteptrhu,|where1n Z is

greater than 0;

(d) 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 optical sensor is
active; and

(e) de-activating the optical sensor after said 7%

amount of time has elapsed.

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%.
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affected by the presence of the substance and (ii) a
radi ant source, the nmethod conprising: (a) utilizing

wao b@sopi4dTal sensor configured so that the dutBCTYs1065/014101
of the radiant source is gr¥ater than 0% but |ess than
100% during the period of time when the optical sensor
is active; (b) positioning the optical sensor at a

| ocagj on mid Rigknbheoar 8a ik C), dlc¥akh] eﬂetaﬁtyn}yccl@ is
sensor for a period of Z amount of time after

LBR7 F haR (RF L bP 2bamrerei®h Z is greater than 0; (d)
operating the radiant source so that the duty cycle of
the radi ant source is greater than 0% but |ess than
10098 dur iTh§ Fatdcd afoehtimfl t Wwrerahenzthe apritcals to
aB8RSOf o inS radldve; and (e) de-activating the optical
sensor after said Z anount of tine has el apsed. 2 .
The nmethod of claim1l , wherein the duty cycle is |less

t hany or Qﬁﬁﬁh@%ﬁoébgﬁtcigkﬁ fg WhEEElHPQVEéiéqu% i'%b

, Wherein the duty cycle is l'ess than or equa
aBpelitl 0 @Ynuses. The nethod of claim 1 , wherein the
duty cycle is less than or equal to about 1% 325 .
The nmethod of claim1l , wherein the duty cycle is |less
tharf or &&gametbodbofitclam 1,6wheThen netiwdbofutclzai m 1
min ein Zis about .5 to about 20 mnutes. 7 . The
met hod of claim1 , wherein Z is about 1 to about 10
mnutes. 8 . The nmethod of claiml1l , wherein Zis
abow 7

The method of claim 1, wherein 7 1s about 2

minutes.

10. The 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
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 1, wherein the radiant source

comprises a light emitting diode (LED).

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

used to drive the LED is about less than or equal to 3 maA.
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mnutes . 9 . The nethod of claiml1l , wherein Zis
about 2 mnutes . 10. The nethod of claim1l , wherein

wo b@sopi4sTal sensor is activated for approxi naP€l/ySD0H014101
mlliseconds every approxirmdtely 2 mnutes . 11. The
nmet hod of claim 10, wherein the radiant source is
activated for approximately 100 m |l liseconds of the

appr esi meried neXMdaridsl ksegands, the@phi €8k SENSOTcliSrent
activatgd. 12.. The nethod of claim1l , wherein the
USRi £t OF 1 Wol QLD dFePPubrirtefan 9 sweahelihchl mo¥.

claim1l , wherein the radiant source conprises a |ight
emtting diode (LED) . 14, The nmethod of claiml
wher &Pn tTee SRR afr et skl thedeivethaedt e jgurrent

uabautol @85vd hare empeguabbber 314 33450 ThguBthOd Qfy

claim 14, wherein the drive current used to drive the
LED is about |ess than or equal to 2 mA. 16. The

et h f i . i h i
met hod. ofried aidPnbd, owhergin 1 headnivg ey r%e%ﬁsla&sﬁél@er

.drive the LED is about |ess than or equa

1Rdudes o T igicarheTent wher ei n the sensor further

i ncludes a cooling elenent . 18. The nethod of claim1l
, Wherein the indicator nolecules are absorbance-type
i ndi €&t orThfomMedticds of 191aim it heredn therbabiqefdarhe

mH§§éﬂieéigfgiéﬂ%oQEaﬁEeQE§§éxﬁnd?%%%8E ﬁgf%céiééﬂ dgs

data regardi ng the presence or concentration of
substance within an area, wherein the optical sensor

| ncl ygles f{igehBAl eglor, aplecyl egaylng, an optical |

characteristic that is %%%ectéﬁ Ey ﬁ%e presence of fha"
cphibsrhresqy ithas padvides shueceegrdding i Yhea 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, (ii) a radiant source and (iii) 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;

(c) after performing step (b), utilizing the radiant
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 measurement from an output of
said photodetector at some point in time after performing
step (c);

(e) after Y amount of time has elapsed since step (c¢)

was performed and while the sensor is still in an active
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phot odet ector, the nmethod conprising: (a) positioning
the sensor in a location in the area; (b) activating

w0 b@saensdr, thereby placing the sensor in an BCT/USB®05/014101
state; (c) after perform ngSstep (b) , utilizing the

radi ant source cqonfigured so that the radi ant source
Sotl?tdtﬁut e SEe A 3y BRURGR | i SrefusAchat the

neidiainn éoﬁ3£éa@éb§TﬁﬁﬂJ©ﬂ§ﬁuEaémﬁbiﬂﬁﬁéﬁﬂékﬂg #ves or
uﬁl”%_r{_;ll,itude within a certain anl}laljtude range; (d;1 _
APAPAgERS TSt He £9UFEReRPN T 1B %h squtthat bhe seadiant
gietedeheptos leSUBhaRAERL i watddTATLG aPELEQREAAY that
Step (c é; (e) after Y amount of tinme has el apsed
$i ne8SsHRP (BY° ek Sgdr FEPRBER AN P Wfiad crEtadnsbrequency
religkl ahB/8R REFIMUE 34 okt erudd idhAl NG tResr adiANine
source configured so that the radi ant source does not
ToUEsht 2BPELE ISt Ravbainranplitugienganae: r adi ant

sour ge) CQE‘Ii%r?dj, %&t‘é@af{_ SH&ﬂ@@@Qtiméoﬂéﬁee LEDOWM Since
el ectromagneti c waves having a frequency that Is less
St§Rn (EheWd DRt L regu endywbils die cemsairnifr dyudnepctive

starge angd/ siahawi ng akeapphiidided hat _t'haal BRs EM%@G
| owest anplitude of said certiain anplitude range;
SQUEFFPZzPRERUET tereckramaanet bt Wavas hayiabapsédesieroe

wEE8Rn( €31 S NELEOIIRABAN, IR LhA BE0SAL L8 ddbiNGae
active state, the radiant source configured so tha
WilRE1nagh bRt Cethirice 2ot povde et e . ovagmetncX Way esreater
thayi ng,-a gﬁ@%%rwtgghnysai d certain frequency range
and having an anplitude wthin said certain anplitude

r angég) whlekaining jas sgrend eredsharemearto fand gn eattgrutt kefn

s¥ia bHORLAIN0 2 SERENTLIRASY RTRA! JELOM A0 QULRYY,
phot odetector a one point IntTrne er
speprf OF hi ngnd

(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 and/or having an amplitude that is less than the

lowest amplitude within said certain amplitude range,

wherein N is less 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.
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step (f ); and (h) after N anmpbunt of tine has el apsed
since step (f) was perfornmed and while the sensor is

WO pooshes4aTt i ve state, utilizing the radi ant soRCTES2005/014101
configured so that the radid®nt source does not out put
el ectromagneti c waves or utilizing the radiant source
configured so that the radi ant source outputs
el eckponagnetnechimy eF Ravingl e, fweguancy thatcks 1885 or
t ha ghe I st frequency within said certain
W@Eu ﬂc?f@ﬁge and/ or having an anplitude that is
| ess than the | owest anplitude within said certain

arrpl ude range, erein Nis less than X . 20. The
met héd " of TRE d?‘?ﬁ}& Afherein 30 i shexednt Kahsabewt Hhan one

ddcauges . 21. The nethod of claim 19, wherein Y is
| ess than X/ 2. 3522. The nethod of claim19, wherein Y
is less than or equal to X/ 10. 23. The nmethod of claim

19, wher efte Yodtthde s ERaDMONE, sereRdn 24 The: smtliod
of claim19, wherein the indi cator nol ecules are

MOLEEHESE SRS DISIOTEFESREL hod of claim 19, wherein the

radi ant source conprises a light emtting di ode (LED)

. 26. The method of claim25, wherein step (b)

i ncl géles Thie Hsetté’;?dopfd?ﬂwlhgli‘(rhévh@EBlw thearadiant source

CHbEEOLs eIl &g cdhlv r i s about equal to
© hg LE§S thrggishg [ d grlgeg%:ﬁ#%eﬁi%.) 27. The net hod of

cI aim 19, wherein the step of activating the sensor

conps sesrﬂgwenescth%a o pioWh g AWt 1t 0 8l ept{ i Gal uaes

corrponents of the sensor.
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 19, wherein the step of
activating the sensor comprises the step of providing power

to electrical components 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 having an optical characteristic
that is affected by the presence of a substance;

a light source; and

a duty cycle controller for repeatedly turning on the
light source for an amount of time and then turning it off

for an amount of time while the optical sensor is being
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28. The nethod of claim 19, wherein Y and N are both

about 150 m|liseconds and X is about 1 second. 29. An
wopisaad43sensor, conpri sing: indicator nol ecul BGT/HS2005114101

an optical characteristic t¥iat is affected by the

resence of a substance; a light source; and a duty

BAREtE0rt, sfrdr ViF Heisereaty cargancCheti Fobt

sogteackor an anmount of time and then turning it off

for an anount of tine while the optical sensor is

being 36utilized to sense the presence or

concent. r athenowiiddie ssnst-aBeec1aP 20Theuephbeabomprising

sensor of claim?29, further conprisLn%ﬁ%1photodetector

§ RRCTPEEERGERY | fhih TSmelved £+9hy 197 Hoedi £&PBr the

iAdieedbesmol1ddulddhe optical sensor of claim 29,
wherein, while the optical sensor is being utilized to

sense the presence or concentration of the substance,

the duty eysl 1 @dn@bri 87 COMingYioed harL¥hN feie the
|'i ght source on for not nore than Y anount of tine
BRrerglxsgneemnt i poadinge utikéred Xq segseatbe Phasence or
acehB®a 0Pbh G 3RNSRL@EnEL Al mégjciut\yq%&@ig JohSrd B85 is
than or equal to about X /2 . 33. Thé optical sensor
orfdprraddie WiHer dive Viphtasewrce 3@ okl netcopds ‘drmh X

dr>ualkodE {Lisecand. . optical. s f.claj
Whgrgiﬁ Yé%§§abou97%ggmépﬁFiggéghég gﬁ 9% ?Sl§5%%$g%gr
tdegoXd. 35. The optical sensor of claim31l, wherein Y
Is about 50 mlliseconds and X is about 1 second. 36.
An optical sensor, conprising: indicator nolecules

havi Ag- anTlptirtaicadhgeasrer p8t¢lmim 31, wherein Y is less

than or egqual to about X/2.

33. 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 is 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 molecules having an optical characteristic
that is affected by the presence of a substance;

a light source; and

control means for repeatedly turning on the light

source for an amount of time and then turning it off for an

37



that is affected by the presence of a substance; a

| i ght source; and control means for repeatedly turning
womoshes4s ght source for an anpunt of tine andPChEs2005/014101

turning it off for an 37an®8nt of tinme while the

L cal nsor i,n ILlized to sense the presence
B PR kT Ui oBlbseEreeioos LoTe opt hearized co

ss@sothef pr,daaaarmé%(br fashickat reoigH i RHhea sphat9det ect or
that receives light 'emitted fromthe indicator

nol ecul es . 38. The optical sensor of claim37,

v\,her él7n The | @p e Ioplenedk s£nedin SeheirgtHbl! R0 10 ng

[ &s or concentration of the substance
atﬁ)e c8n? %$ %ﬂgﬁi&Fﬁ§lYﬁ§ gt sgddited Sromokheot
imdfeatbamdlsadends every X seconds, where X is
greater than Y . 39. The optical sensor of claim 38,

wherein Y is less than or equal to about X /2 . 40.

The 8pti crte Sc@ﬂﬁ.@i‘alOfseﬁls@i’ %5831&%{3'39' nw?{ei"éll@bqwlll]esghe
Lli seconds and_ X is about 1 second
og%ﬁgﬁf |%ﬁfﬂ§lnEnBFé%&%ﬁdlﬁﬂ é@ﬂﬁ@sthavpxgﬁqnce or

c@ﬁbéﬁﬂfa’@itﬂf ad ehleSkubsthdte | 1af LeGLEHT eé%vﬁqurns the
sence of a substance; a light source t
gﬁgﬁeﬂo%ﬁFequ FFnALEsTPFR Hhvdi YaBSEORSE eevdEs X seconds,

whbot ol BetgdG tehapgdycer that receives I!ght emtted
fromthe indicator nolecules; and a cooling el enment

configured to reduce the tenperature of the indicator

ol esal] esrhe 42+idBe QQ&é&@hﬁS%&%@ﬁ 9k, r?ln’Y is less

further conprising a duty cycle conirol
thapedtt /YL fenrREUBNX{he |ight source for an anount
of time and turning off the Iight

40. The optical sensor of claim 38, wherein Y is about

150 milliseconds and X is about 1 second.

41. 2An 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
indicator molecules;

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

a cooling element configured to reduce the temperature

of the indicator molecules.

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

source for an amount of time while the optical sensor is
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source for an anount of tinme while the optical sensor

is 38being utilized to sense the presence or
w@onsea4sat i on of the substance . 43. The optiPel/US2005/014101
sensor of claim42, whereimB? while the optical sensor

| ej [ ed t 0 _sense_the presence or

He Bk PIL Y 6 oS e et R e sy g tration of the
sedpstentéer turns the Ilght source on for not nore than

Y seconds every X seconds, where X is greater than Y .
44. The optical sensor of claim43, wherein Y is |less
than4dr eTjualodto @llodlen¥ot20f Amim A2eLRREe{RQl while the
kgcre sing the u efuI | if of an optical sensor

at o whet 3 dh a?dflﬁvk}téfﬂa%%d ShEsrRs BEEaPFRRIG WY

Cbheeptmte:rme off Weneenktahéon e @u%ybéyaméecamlfuﬂeén
.area ég once every X anount of tine for a
con?lnuodg ST S0Pt e, NAth&1o&ien thAR BpEeeands every

Xseasatids heltides ¥ ndi gakorer0lacules having an opti cal
characteristic that is affected by the presence of the

substance and a |ight source for exciting the

Indl@ﬁIOHﬂﬁDb@QQEQS,séﬂ@oﬁﬁ&$Qﬁa§9ﬂ@§'SWHQrefHaPHEQl ss

t%he q$t|cal sensor at a location within the area; nd
K21 2F e Hon@PeRE 0¥/ Fol ecul es for a total of not
nore than Y anount of tinme during the Z anount of

time, wherein Y is less than Z . 46. The nethod of

cl ai fA 452 AREREANESr| Enerassingakhe/ pse 7l Miketisehod an

opticd@iderddr WABEEI Yndh i & |a@§§c‘:9@@ §{:%‘tg 4o%tf§gx% data

nethod of cIa|n145 wherein Y is |ess
lingh & hee PREECBES cPRi FAMBItRRALE o nof he siteraoke

wPiLl@ﬁi NG the 0Bt ¢alsSensy erd kogali,an V% ttq_lmré tfg% a
cggéﬁauous Zz amount of time, wherein the optical sensor
includes indicator molecules haviﬁg an optical
characteristic that is affected by the presence of the
substance and a light source for exciting the indicator
molecules, the method comprising: placing the optical sensor
at a location within the area; and exciting the indicator

molecules for a total of not more than Y amount of time

during the Z amount of time, wherein Y is less than 7.

46. The method of claim 45, wherein Y is less than
z/2.

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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conprises inplanting the optical sensor in a human

bei ng. 50. The nethod of claim49, wherein the
wGaustens® i s a biological analyte. 51. The nepdiDuSwWhH5/014101

cl ai m 50, wherein the biolodi cal anal yte is gl ucose.

52. The nethod of claim45, wherein Zis |less than

about 10 m nutes. 53. The nethod of claimb52, wherein

X i s 4abouthd mﬁkhﬂﬂjOf5@laémﬁ&5hOWhéKﬁind&h%rHtabngfthe

fetlne f an opti ensor i sing: (a)

PRG0S O Bt T PR APEar oF ST AL SLEED FRgnesed

emptrtiedsf topl antd irghttheovbeecal biepyd i @ahliMan being.

determining the output intensity of the indicator

nol ecul es; (c) determning the amount of tinme it takes

for the OTﬂﬁ@uﬁetthICE‘raﬁi tyadh LHe WiiGat @heMBLBSH LSS 11 &

rade g redet erm ned anount; (d) determ ning an
Pgéga %tue anmount of tine that the optical
sensor's Ilght source will be on per unit tine; and

(e) ermning the useful product life by dividing
t he ginunTh?ﬁm hﬂg &ét@ﬂﬁ%ﬁeﬁo1rW@ﬁﬁ%&n(E?eb?l@h@glcal

aapoyat of i geternmined in step (d) . 4055 . A
nmet hod for determ ning a maxi numduty cycle for a

i ght source of an optical sensor, conprising: (a)

cont spUOUBhY RGeS BE Lidigalor JR)equl Qslgolééghéhan
emitted froma light source; (b) periodically

agperEr P MPHY %9fe out put intensity of the indicator
nol ecul es;

53. The method of claim 52, wherein X is about 1

second.

54. A method for determining the useful lifetime of an
optical sensor, comprising:

(a) continuously exposing indicator molecules to light
emitted from a light source;

(b) periodically determining the output intensity of
the indicator molecules;

(¢) 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 optical sensor’s light source will be on per unit time;
and

(e) determining the useful product life by dividing the
amount of time determined in step (c¢) by the amount of time

determined in step (4).
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(c) determining the anmount of tinme it takes for the

output intensity of the indicator nolecules to degrade
whoos/1pietiet er m ned anmount; (d) determ ning theCT/O8205/014101
cunul ative activation tinme #lor the sensor; and (e)

det er.m ni t he i mum duty cycle by dividing the
anrour??J1 : ofgtg‘f“?%‘ P MOREG TR SRR P iRy ABtEnouete dior

d iliehdesetitisask iah P chd) senddr, comprising:

(a) continuously exposing indicator molecules to light
emitted from a light source;

(b) periodically determining the output intensity of
the 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 the total cumulative activation time
for the sensor; and

(e) determining the maximum duty cycle by dividing the
amount of time determined in step (c¢) by the amount of time

determined in step (d).

41



