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SYSTEM AND METHOD FOR ATTENUATING THE EFFECT OF
AMBIENT LIGHT ON AN OPTICAL SENSOR. [001] The present
application claims the benefit of U.S 5 Provisional Patent Application No.
60/46:,695, filed April 15, 2003. BACKGROUND OF THE INVENTIOlN 1.
Fi nvept 0 2]ﬁ ntion relates t tica ]
se%%o%gwgr@ ?n%?%@%)egg‘? -IT-QNEtI%%gg;Q%n%% %%e%hgd for ﬁﬁ%ﬁﬁgﬂné‘mm
the effect of ambient light on an optical sensor. 2. Discussion of the
Backaround [003] An optical sensor is a device that may be used to 15
deteet the contentrationcoftars analyte (&cg., oxygen, (THueese,orothery . o .
analyte)s LhS: Pat=No. 6,330,464, the, disclosyre of which is incorporatec
helrgln pé( reference, describes an optical sensor. [004] Theré may h
situdtions when it is des-rah- to use 20 an optical sensor in an

environment where thege iscax significantamount of ambient light (e.g., the
outdoors on a bright., sunny day) In some circumstances, a significant
armount of @mbient tight mayenegatively affect the accuracy of an optical
sensor. Accordingly, what is desired are systems 25 and methods to
att@fdate the Regative effekt of arisient light corethe: funotioning. of @ms or s ,

optical sensor=and/orte measureand compensate guaptitatively for the

a t I=ight. Y OF THE INVENTION [005] The present
m%%%%n p%v dseclsj,!lsyste%s gn Eme 008 30 t6F AttéRLATh g e effece R s -

ambientdight.on optical: sensors apd.for tneasuring and compensating
Quantitatively for

[003] An optical sensor is a device that may be used to
detect the concentration of an analyte (e.g., oxygen,
glucose, or other analyte). U.S. Pat. No. 6,330,464, the

disclosure of which is incorporated herein by reference,

describes an optical sensor.

[004] There may be situations when it is desirable to use
an optical sensor in an environment where there is a
significant amount of ambient light (e.g., the outdoors on a
bright, sunny day). In some circumstances, a significant
amount of ambient light may negatively affect the accuracy of
an optical sensor. Accordingly, what is desired are systems
and methods to attenuate the negative effect of ambient light
on the functioning of an optical sensor and/or to measure and

compensate quantitatively for the ambient light.
SUMMARY OF THE INVENTION

[005] The present invention provides systems and methods
for attenuating the effect of ambient light on optical
sensors and for measuring and compensating quantitatively for

the ambient light.
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the ambient light. 1006] In Dne aspect, the present invention provides c-n
opticr'._ errs - _ having features th attenuate the amount of ambienigh-t
that r a-hes the optical sensor's notodetectors The features can he used
tocethe.- or 5 separately. For example, in some embodiments, the present
[ %%r%t'on prmgjdes an optical sensor wherein the circuit board that _n

used to electrictally tonmet the BlECtHEA! &b psHERS bfthe sensdrds an
n&deé from Emepaquevmatefiak teig: sopague ferie),as-oppesedtothe . «
conventional 10 aluminum.oxide ceramic circuit; board, in some
errgbgdim%nts_ t_~e ahotodetectors of the optical. sensor are mour_lted to
the “Botiom Side o a cirdGit Boartard files are*ridle-nrttich eircait hoard
t6 Providesa way fordightdnomeheiindicater snolegulestosreaghethe csent
phatedetedlors, 45:19071n another aspect., the present invention

rovides_methods for using and implanting an optlcraﬁ sensor, Whic e

methods- tised tgetRer oF sEparatehFedice e effectbf arhbiantlight
orriieeoptical sensore [008]dEor example, ip:one aspeekihe-present ; .1
inention Q%gcg{gviggg_s a tbogsthg.g' cgé%e% the following steps: illu;m
na{tinc indicator moleéul%sq, therebj (%%using tﬁe%lrﬁ%iga%rgerﬁ%legﬁfe]s to
eamﬁrﬁgﬁﬁmdé’t%h%‘?niﬁ@%ﬁlé%mahﬁ?ﬁ Yigrt¥eaching a pristodetectorata s ,
poinat irtirhedwhen thesindicatos mpleculas aeg Hluminated,dhereby + o +he
deteeminingdhe 25 sum ofthe.amount of ambient light and the I'_gh
emitted from _he indicato? molecules reaac{}ng(j the p%%?oa‘gtge%ttnrrl? the
ceasin l}-tl-liﬁﬁill:l%tiﬁﬁ fehditcatdr Fidleéares! hfter céasing: tikkurhisting: or
thelindicator rmolecules, determiningithe-ameount

[007] In another aspect, the present invention provides
methods for using and implanting an optical sensor, which

methods, used together or separately, reduce the effect of

ambient light on the optical sensor.

[008] For example, in one aspect the present invention
provides a method that includes the following steps:
illuminating indicator molecules, thereby causing the
indicator molecules to emit light; determining the amount of
light reaching a photodetector at a point in time when the
indicator molecules are illuminated, thereby determining the
sum of the amount of ambient light and the light emitted from

the indicator molecules reaching the photodetector;

ceasing
illuminating the indicator molecules; after ceasing

illuminating the indicator molecules, determining the amount
of light reaching the photodetector, thereby determining the
amount of ambient light reaching the photodetector; and
determining the amount of light emitted from the indicator

molecules that reached the photodetector by subtracting the
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of light reaching the photodetector, thereby determininc the 30 amount of
ambient light reaching the photodetector; and dete:-:-nininq the amount of
light emitted from the indicator molecules that reached the photodetector
by subtract ng the 1 secona determined amount of light from the first

nede fli I I r

determli:;ed camount of Jight,[009] In agabler agpect, the present,

invention nr_.,des an improved sensor reader and method of operating the
amount. of "1 ight : ; i

sensor 5 reader’For example, in one aspect, the present invention

prayjdes a metho A sensor reader that includes the steps
of[%detzrminin mtlh%}l?rﬁrefﬁilgt;% %1‘9 gn%fer?%i’gﬁ?’edgeﬁgfmiﬁ%%nv%céfhéﬁ8vmeS
in“%&n%ﬁ&%%?«,%aﬁrﬁﬂéﬁﬂigﬁﬁ%e@réé@r e adretietermineththresholdensor
-rtersity; andrissuing:t0 @ warningte themuser if itis deternined; that the
intensit the lent, light is greater than the predetermined threshold
i%ensit&%o%oﬁﬂg%g\gg lga%%%téﬁe%%’eftufgsngna AdATtagesBf thecludes
preSerit iivéntion, &S Wellas the strutture e peratiornod 15 prefepted:
eftocdiments of the presentinventien sate,described dpdetail below with.

reference: o the accompanying drawings, BRIEE DESCRIPTION OF THE
DRAWINGS [OOlllgrhe accomlpanyig%1 Fésvi\%%%%, which areYincafporafediing

h&rdif ahd forht pantoftherspécifiEation, drels Hiustrate: ROvalicus ntensity
embadiments déthe present dnveationeandrtogether with the description,

further serye tgnegg%i{lt@le princ--~los of the invventiorr, and to enable a
person skilled in the )

[0010] The above and other features and advantages of the
present invention, as well as the structure and operation of
prerferred embodiments of the present invention, are described

in detail below with referernice to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[00117] The accompanying drawings, which are incorporated
herein and form part of the specification, help 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
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the left-most
digit{s) of a reference number identifies the drawing in

which the reference number first appears.

[0012] FIG. 1 shows an optical sensor according to an

embodiment of the present invention.

[0013] FIG. 2 shows an optical sensor according to another

embodiment of the present invention.
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pertinent art to make and use the invention. In the. drawings, like

reference numbers indicate identical or 25 functionally similar relemen_ts.
Additionally, the lef-L-mosL digit(s) of a reference number identifies the
drawing in which the reference number first appears. [0012] FIG. 1 shows
agoggtjﬁsl sen; a%cosrgic)nvgsto n embodiment of the present invention.

30 [0013] FIG. Z shows an optical SEHsGTHCGdTdinyltorardtherit board
embodiment 6Fthe pradertt invertion’. 3:J00 1] 6 ishowis-theitep, surface
oégf i |S:uit hoFa:r[% a%corlding to an embodiment of the present- invention.

[ é]g IG. 4'snows : FieFild Ot View oA ofhetbaigtecics abeording toan
emisodifaent obthve presentinventiot 5[0016]d6:5 shews @ sgnsor that
hfgoti%en implanted into a pat;._ent according to an embodiment. of the

P esent]invenﬂgr_. TOB6E7TRIG. 6%HORB &Rehsbr havirrproutighersed into
accordifge tc arcembodiment af theipeesent-invention<10 [QQ18].FIG. 7
shews, asfupctional block diagram of a sensor reader according to an
embodiment of the present invention. [0019] FIG. 3 is a flow chart
venion. hat may be performed by & sensor roadr. 18 [6030] FIE 65
inventio a performed by a sensor reader. .91s
a? %o%v%chart ﬁ%{é?tlrvétitng) g ptr%ée S v_%ngttelrﬁfaeﬁhtglff‘i%‘ effect of ambient

ligho penreadings provided by-arcepticalsensar: [0921] FIG. 10 isa f-c,,,

-, _- usfrating.a process
q%ﬂde{ ggcor&hn§)%o an embodiment of the present invention.

[0019] FIG. 8 is a flow chart illustrating a process,
according to an embodiment of the present invention, that may
be performed by a sensor reader.

[0020] FIG. 9 is a flow chart illustrating a process for

attenuating the effect of ambient light on readings provided

by an optical sensor.

[0021] FIG. 10 is a flow chart illustrating a process
performed by a sensor according to an embodiment of the

invention.
DETAILED DESCRIPTION OF TEER PREFERRED EMBODIMENT

[0022] FIG. 1 shows an optical sensor ("sensor") 110,
according to an embodiment of the present invention, that
operates based on the fluorescence of fluorescent indicator
molecules 116. The sensor 110 includes a sensor housing 112
(sensor housing 112 may be formed from =a suitable, optically
transmissive polymer material), a matrix layer 114 coated
over the exterior surface of the sensor housing 112, with
fluorescent indicator molecules 116 distributed throughout

the layer 114 (layer 114 can cover all or part of the surface

of housing 112); a radiation source 118, e.g. an LED, that

4
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performed. by a sensor according to an embodiment of the 20 ;.nvention.
DET_,fIED DESCRIPTION CF THE PREFERRED FNEOII9ENT [0022]
FIG. 1 shows an optical sensor ("sensor”) 110, according to an
emhodimen’ of the present invention, trim’- operates based on the

fluarescenceiefflusrescent -indicator, 25 molecules 116. The sensor 110
mvglauvdeqs‘ggst%nosor 1h_,oq:mngﬁ%:ll? (sensor housing 11.2l may be%formed from

a suita ’fe, optically” Franshiissive p8iyhier-fatéralya nratrixaver 41411 ¢
coated overthe exteriorsurfacewfithe senserhousing: 112, with,

fluerescent indicatormelecules 116 distributed throyghout 30 the laver
119 Gayer 114 can cover all or part of the gur?écénog%ﬁzgﬁsﬁﬁg]fﬁf%
radiation solrce 118" & ARTESC R 4 eitss-dieme.. phinclading ,
radiation overietange phavavelengths which interagtwith thedndiator, , ;.

moleeules -6, i, inthe s faflurc.scer bas.d senso,a |
WE géq:eg%ter}rv%/h'ch causes tﬁf ?negji%to%%éoécﬁénssﬁi% 5 fILoT & $6&VEnd©

a photadetector 120 (E-S§-phe* P¥citbelel norae ransistonles 116 such
phbdrezsistoreriother photodet otary whieh pin theisase of a 150 4,
luorescence-hassid.sensqr, is sensitive.to_fluorescent light emitted by the
inﬁlicator molecules 116 Sl(}!(;h.% the?téa& §i%tnlaﬁs aénéirl-%glegvﬁy the
photcdetec? or 12F is fo Féareé therdtd Rulsin. catnverdfithedeve efors
fI@éﬁés&r&el@ﬂm@miwiowmnmlemles;s'laot@woi@g%teggg@ogzppoaﬂgy
120barg-shown g illustrate that sensor 110 may

[0023] The indicator molecules 116 may be coated on the
surface of the sensor body or they may be contained within
maﬁrix layer 114 (as shown in FIG. 1}, which comprises a
biocompatible polymer matrix that is prepared according to
methods known in the art and coated on the surface of the
sensor housing 112. Suitable bioccompatible matrix materials,
which must be permeable to the analyte, include some
methacrylates (e.g., HEMA) and hydrogels which,
advantageously, can be made selectively permeable--
particularly to the analyte--i.e., they perform a molecular

welght cut-off function.

[0024] Sensor 110 may be wholly self-contained. In other
words, the sensor may be constructed in such a way that no
electrical leads extend into or out of the sensor housing 112
to supply power to the sensor (e.g;, for driving the source
118) or to transmit signals from the sensor. Rather, the
sensor may include a power source 140 that is wholly embedded
or housed within the sensor housing 112 and a transmitter 142
that also is entirely embedded or housed within the Sensor

housing 112.

Docket Neo. 2232-203 5
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have more than one photodetector. [0023] The indicator molecules 116
may be coated on the 15 surface of the sensor body or they may be
contained with--r-_x layer 114 (as shown in 1) , which comprises a
hiocompatible p-olyater matrix that is ireDared according to methods

knewsxin the agt and. coated on the sprface of the sensor housing 112.
Suitable biocompa ih:.e ‘rLgtOr&l_%eat]é#aBIs?lﬁéf %ﬁcﬁ%&%b’@%@fmé&bl@m be

the analyte ittlde sbie shéttiacrylatés e gd HENIERand:hydrogets, : .«
which 6 adz/antageonsly, cambe made selectiye.y p,grrggg}?l-e-a particularly
tq;the analyte- L.e., they perfc rm Qomoleculg_r welght cut-of fdnction. 25
[0024] Sensor 110 may be wholly seif-containet in bifete wores: théc . 7) .

sépgermay hewonstructed donsuch ayway that no_ electrical leads extend

a

. . " C <an =) ad
intoar gut g&@g Sen: or housin ;112 1o sgpply power to the Sensor Peig.lfse
for dri\?ing the sootﬁ%estﬁéf%f t6 trANSTIE SighafSfréi i senser.aRather,

tHEe B07SEn6emagiReltee acowebsource 146rthatis whelly.embedded. . .
orhousednnithin thensenser-lousing 112 and a transmitter 142 that also
i%gpyg%lngerrqgg ged or hcl)qudseq within the ser%]orqﬁbaéfngu 15° Botket

No. 2232-203 5 [0025] TRE pIwer S3tE™ 40 fray be afinductor, as
&y te* thea termatiof trahismidter 142 as described in 0_s, Patent No.
6%99 71 ThgsrnS{ni ttar 142 maj% be con=~qureo’_ 1 wire ~lv transmit
datato an exjcrylarféaderWet PIG: 576026 OtHerself-eontainedpower
settees thascart ~s <be usedl include mdarafteries; piezaelectrics (which,
gone-ate dudge electronic circuitry for controlling, among other

components, sourc ; i
; e 118 and transmitter 142, are secured to a

circuit board 17 Lrcuit o rovid
0. Circuit board 170 provides communication

paths between the components.,

[0028] As further illustrated in FIG. 1, an optical filter

134, such as a high pass or band pass filter, preferably is
provided on a light-sensitive surface of a photodetector 120.
Filter 134 prevents or substantially reduces the amount of
radiation generated by the source 118 from impinging on a

photosensitive surface of the photodetector 120, At the same

time, the filter allows fluorescent light emitted by
fluorescent indicator molecules 116 to pass through to strike
a photosensitive region of the detector 120. This
significantly reduces "noise" in the photodetector signal

that is attributable to incident radiation from the source
118.

[0029] However, even though filter 134 may significantly
reduce “noise” created by radiation from source 118, filter

134 may not significantly attenuate “noise” from ambient

light sources 198, particularly because light that passes
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voltage when exposed to me” ~ ~hani.cal enemy such as ult_rasonlc
sound; micro generators; acousti_callV (e.g., ultrasound) driven .
generators; and photorroltaic cells, which can be 10 cowereo_l by light
(infrared) [0027] As shown in FIG. 1, many of the electro-optical

' i hich may include
campengnts of sensar 11g,including,a processor 166, which may ir he
el?cegnigb cirguitry for contr%lling, a?mong oafhe?ac%_rﬁlﬁoneﬁtsf,Jsjoﬁ?éecill%y th

id transmitter 1542 %are sédiired o a3 ciréiit bbard 170 Citcuithoardt
170%piovitlesicommuicatiom pathsibeiweemme-components.J0028] As . _

ther dlustrated.inRIG. 1, ical filter 134, such.as a high pass or
bt i o A%gp%gigg& 0h & Tight.Sensitive §urfads bf a
b%nd ass filter, preferat,ly is pro 1 light-Se
photodetettor 120! 20 Filter 134 préveritaior sbstantally reduces the

o imbinging on a
arpesys pf raqjgggo%;,gggg %:?dsp#st@e source 118 from impinging

- £ 1. £
uhotosensitave surface or the ia otoégf:eector 126 ATTHE Same ime, Bele o

filter &iGiks Tuor&scertifhtietitiecPby sficrestent indicator snolecules.t <o
146:to paﬁmhmughhmwkevzaaasphqt0§§r?§lt%§$§%% 911‘,%?;%5 %%ggctt%g ht
1 his, significantly reduces 'noise” in the phoT.odeuec

isggt?rgiﬁu?% Ig?é %r%ciééﬁ?ra%igﬁgﬁggoarﬁ?hé%%u?&? 118, rPoiHowevepount

eVén IRGAGH filtet 134 ey Significeintlyr 80edece “noise"icreated hysone
radiation:from:sousce 4118, filfer 7334 may pot significantly aftepuate, iy

f ient Jight s rees 198 articularly because light that Passes 6 ~
rgg{} g%@s%i% rzigég%}v g_r%/be?gfwéntﬁr}hgafs %%@tﬁ&tﬁe fltYefay.coe &

“conventional circuit board having a finish that prevents the

board from propagating light.

[0031] Additionally, in sensor 110 the photodetectors 120
may be mounted to the underside of circuit board 170. This
may be done by, for example, a technique known as “flip-chip”
mounting. This technique of mounting the photodetectors 120
to the underside of the board 170 permits all light-sensitive
surfaces except the top surface of the photodetectors 120 to
be more easily covered with a light blocking substance 104
(e.g., a black, light blocking epoxy) . However, it is
contemplated that photodetectors 120 can be mounted on the
topside of circuit board 170, as shown in FIG. 2. 1Like in
the embodiment shown in FIC. 1, in the embodiment shown in
FIG. 2 all surfaces except the top surface of the

photodetector are covered with light blocking substance 104.

[0032] In embodiments where the photodetectors 120 are
mounted to the bottom surface of board 170, a hole for each
photodetector 120 is preferably created through board 170.

This is illustrated in FIG. 3, which is a top view of board
170.  As shown in FIG. 3, the light source 118 is preferably

mounted to the top surface 371 of board 170. As further

7



by the. filter. That is, filter 134 may not significantly prevent ambient light
199 Iron hitting a 1.hotosens_tiv ,urface of a photen.tecte 20. Accordingly,
5eisor 110 has other 5 features for dealing with the ambient light. [0030]
For example, substrate 170 of sensor 1.10 is made of amat rLI'_...Idt
q%%% not Br%%gatée st{ay light or is coated wigh a finish that prevents it
from Propagatifig a’ light. Thus® by Using'$tich | Substiate> 70 omecedred
fediticestheamount 10 of ambient lightreaching: the:pbetadetectass 12G(n
some embadiments, substrate 170 is a fertite cirguit board 170 while in
ol herfrriquimen_tsnsubstrate '_70 may be a conventiona ,‘_|rcuf8‘oar&¢‘ )
having a fifiis]"that prévent the” bbard #ek propagating light. 15°f0031]
Additiohallydinsénsor 40 theenhotedetecters: 120 may be sounted to

e uaderside o el ROBIL 170,101 Jnay hg done Oy, Jor example, 2

?cpgl%l.ﬂ[e kgown as "flip-chap” mounting. This technique o?(r:neoulnsting the
photodetectors 420" 16'tHe Thdersite 6f thielboartr 7o permits BEGL 1.

lightzsgn:;:-ve 2Q surfaces except the top surface of the pho-todetectcrs
120 to be more easily covg%rl)eéd%vﬁtshleéha%f’ b &ﬁ%?%g A s
ROBiaRREfiGHT Blotking epoxyy HoWeVer itis contemplatetithatoh the

~ photodetectars 120:-can he: mounted on-the- topside-of.gircuit boarg, 170,

as showmin FIG, 2. Like in.25 the embodiment shown in FIG. 1, in the
embodiment shown in FIG. all gﬁ%é%&s%%%ﬁfj tH&top 8hrfaRE bF e Pass

phototietecter ire derverdd With fight Bletkirgaabstanoect0detector 120

by passing through the filter 134.

[0034] As mentioned above and illustrated in FIG. 1, the
bottom surface and all sides of the photodetectors 120 may be
covered with black light blocking epoxy 104. Additionally, to
minimize unwanted reflections that might occur from parts on
the top surface 371 of the circuit board 170, a black epoxy
may be used as a potting for all components not within the
far-field pattern of the optical system. Further, black epoxy
may be used to encircle the filters 134 for each
photodetector 120, thereby preventing light leakage from
propagating through a glue Jjoint created by the mechanical
tolerance between the filters 134 and circuit board holes
301.

[C035] As further shown in FIG. 1, NIR filters 106a and
106b may be positioned on top of filters 134a and 134Db,

respectively. Such a configuration would require all light
reaching a photodetector 120 to pass through not only filte

134, but alsoc NIR filter 106.

.
£

[0036] As FIGS. 1 and 2 make clear, any ambient Light that

reaches a photodetector 120 must first pass through the
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[0032] In embodiments where the photodetectors 120 are mounted to t;he
bottom surface of board 170, a hole for each 30 ohotodetector 120 is
preferably created through board 170. This is illustrated in FIG. 3, which
is a top view of board 170. As shown in FIG. the source 110 is

prefe. ~ably 1mounted fo the top surfage 371 of board 170. As further
shown in FIG. 3, two holes Ola. and 301b here %%Zﬁ%égfgedﬂiﬁr&fﬁh“lters

board 1710, therely frovidan &a'paa ey fotd ght-femetocidicator mi c, -|
e UL Es; Lot Hiktood, textedi20 Thecholesdn gireuit bhoard 170, |

mayrhe ereated-dy,for S.example,.drilling 1a_tgdctge'1ike,CPreferany, each

C

p%otoggg%ctor 120 @?sitioned such that irs face is Lﬁrecﬁffﬁéﬁ@ﬁﬂﬁénaleaf '
covering ahole, &s skowi it FI6. 16033} THis technigdemestricts light from
eritefifigithe: plotdteteosers:tz20 excepidiom theirface and.thrqugh th ghly

1Q.inletbrough the ferrite . As fgﬁtger,gl strated in FIG. each hole in the
fegrjtenma%bg li‘illed with ‘g%aioptiqal. pagse ﬁ%rrielﬁl &5 thvat IigIT- 4R By
reach & photodetsctor 126765 passingEtroagh the filter 134 [80841As: : »
mehtiohedsabové andiltustratechin Risliluthe d5hattomsurface andall, .

sidesofthephatodetectors 120, may be, covered with black _--ht blocking
epcx- 104.1%?dditicnally, , t0 mini%zeflljé]:Wan{féa réfléctions thatimight: c1al

occur oM Barts orf thetBp 'Surfate 37b bt e Lircbit board 40y & blacken
epoXyEmay beused asagpaotting forall eamponents g@&g@&higghgi%%‘
fag-field pattern ofithe optical’ em. Further, black epoxy may he used
to encircle t%pﬁltelrs 1%%1‘%?%%?% %It%éetoe%:rtgbpﬂd,nt%%%ﬁ)? PrevBfting
light168R 898 From" prepagatimethisugh 4 glaejoint crsated by the the
ntechabicall 4 will be highly porous.

[0037] For example, in some embodiments, matrix 114 is
produced by (a) combining 400 mLs HEMA with 600 mLs distilled
water (a 40:60 ratio), (b) swirling to mix, (c) adding 50 ul
10% ammonium persulfate (APS) (aqueous solution) and 10 ul
50% TEMED (aqueous solution), and (d} polymerizing at room
temperature 30 minutes to one hour. This process will produce
a highly porous matrixz (or “white gel” matrix).
Polymerization at higher or lower temperatures can also be
used to form a white gel matrixz. an example is the formation
of a 30:70 gel using 175 ul distilled water 4+ 75 ul HEMA +
8.44 ul VBa-044 (2,2'—Azobis{2—(2~imidazolin~2~yl)propane}

dihydrochloride) (other free radical initiators such as AIRN

(2,2’—Azobisisobutyrcnitrile) might also be used) .

[0038] Another feature of sensor 110 is that at least part
of the housing 112 may be doped with organic or inorganic
dopants that will cause the doped part of the housing 112 to
function as an optical filter. For example, it is

contemplated to dope a part of housing 112 with savinyl

5
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tolerance between the filters 134 and circuit board holes 25 301. [0035] As
further shown in FIG. NIR filters 10"ca and 10'ob may be positioned on
top of filters 134a and 134b, respectively. Such a configuration would
require all light reaching a photodetector 120 to pass through not only
filter .30 134, but.also NIR filter 106. [0036] As FIGS. | and 2 make clear,
any ambient fight that reaches & photCddeteetcr 420 Ritstfirstipass
thF6gH tHe R mrtfix I-4mtdin—r=aithe indicatorsnelecyles angithe falters
befgre fhe 7:n=cd stike e (0 sut Aco.0 416 shatge: Slsr 20,8,

. . usl 112 in
tpg{.:.ﬁr_gy inl _rfer, optical ser_so.. ,.ltrio ugr the matrix 114 is cha.rd

istically clear; 5 by_ncrréasing i watéF contértss thepelymerizatiom
he-BhCf whasecseparativhioccursawhithvreslts in grbighly orous;, « |
mairix -materialki.4o The latge size.cfthe pores, along with the a_ife, --ial

chit

rg%agiggér{gd xc theran___., 14 (versus the surrounding e am),
calise stbstantia_Tight" 16 SiRg WitiRSPIE SR At d2e This scatter is

heneficial in helping. to atten ny.an,lient 1:ight arriving from an

external sourc% before it canéj gjril%(ﬁ_theage sor no%usnllngj.e ‘Actordinglyan the
S6Mhe efibbdithaRES B tHY irfverttioh: the 2prbckss of thaking theemattix1d of
Yi4is altered sontisatithe b matrixd k4 wilb he highly-parous, J0037] Far,

xample. nsome embodinents, jpatrix L14 s, produced by, () combining
400 mLs HEMA with 600 mLs distilied bt PIRELETER R S ere
surface of the sensor housing 112. The optical field of view

for one photodetector 120(a) of the embodiment shown in FIG.

1 is illustrated in FIG. 4.

[0040] Because light cannot pass through the circuiltry
from the backside, the sensor 110 can be surgically installed
in-vivo so as to orient the optical view of the
photodetectors 120 in the most favorable placement to

minimize light passing through the skin. For example, in some

embodiments, orienting the sensor optical field of view
inward toward body core tissue may be most favorable. This
is illustrated in FIG. 5. As shown in FIG. 5, the one

surface of the photodetector not covered by the non-

transparent material 104 {i.e., surface 590) faces inward

toward body core tissue 501 and away from the skin 520 to
which it is the closest. Because it is possible that this
orientation may not be maintained in-vivo following
installation (e.g., the sensor might roll during normal limb
movement), it is contemplated that in some embodiments it
will be advantageous to incorporate anti-roll “outriggers” on
the sensor housing 212. FIG. 6 is a front view of sensor 110
with outriggers 610 and 611 attached to sensor housing 212 to

prevent rolling.
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water (a 40:60 ratio), (b) swirling to mix, (c) adding 50 uL loo ammonium
persulfate (APS) (aqueous _olution) and 10 uL '0% "CLT~.E a 20 _
;.aqueous sclutior.! , and (d) ao-yaneri.--irc at room _em:oerature 30 '
minutes to one hour. This process will produce a __ighly porous matrix

white gel" matkxa; izati igher or.lower temperatures can
g?rgmt;gﬂ%gqg g??o%rﬁdg%r%{t{ggil Bnﬁgt%ffﬁﬂ%efélmﬁg Tsofﬁeedfo?%taﬁ%%lzg% sor
a iawgefuéiﬁgsﬁg Ut GiEtiHed iater s ae HIMRS 8{44 ULVI~=N412;2!
..i-dkﬁ@[?-@irt‘dac@'l;@p'gr}lﬁnr@tamjdibydmciglglr'@g)@q{g@r %@@S{?plqaﬂ 0,
initigdor, S A3t {22 Az 'sisohutyronitrile) in_g-nr also be
ugé%. iszjro%lég}]rlh fnﬁzé%g;%lrea%fé ger?sl%ér)%i% is tjhné{:f%cf\igle%ﬁn bart -30 to]_?efhe
hotising 112 maj/ e dopett with'6rgatiic ot iorgainic cdopantsthaawill
cauzgetheldoped partof the hotising. - se st function asan opticalf.4 tar .
Ferexample conterplated o dope abartof housing 112 with savmi, &
black" which is an organic ligh.-, blocking materlaﬁ .cessar~; ﬁfﬁ&@r_ -
C&Ttain propagatibn¥,c 'ors of ambient i ghitet is possitbbidosee otiverjy.  ted
dupe the housing-td2iasuch amay so as to only permit the rey_"on
directly T, -.~It1"]ll1 5 the photodetectors' "20 field of view to propagate
lidtft® “Frlis n _Rafis~ wddideise besaddlegmale-- fabricateddyt he-e ader
pfesmachined encasementproceciire [00391BY use ofthe, . .1 songor

r transparent rial 104 and the non-light propagating circuit Qoard _
1_71%I}jthzgoggté)eﬁiré?§ %efn%slvigwpo ttﬁ%rio%osto tectord 12618 comtfified 01 is
aﬁa?as&%ﬁ%ja watch on the patients arm. That is, reader 701

is attached to a wrist band 790. In some embodiments, reader
701 may be combined with a conventional watch. Preferably,

wrist band 790 is an opaque wrist band. By wearing an opague
wrist band 790, the patient will reduce the amount of ambient

light reaching the optical sensor.

[0043] As shown in FIG. 7, reader 701 includes a receiver
716, a processor 710, and a user interface 711. The user
interface 711 may include a display, such as, for example, a
liquid crystal display (LCD) or other type of display. The

receiver 716 receives data transmitted from the sensor. The
processor 710 may process the received data to produce output

data (e.g., a numeric value) that represents the

concentration of the analyte being monitored by the sensor.

[0044] For example, in some embodiments, sensor 110 may
transmit two sets of data to reader 701. The first set of
data may correspond to the output of the photodetectors 120
when the light source 118 is on and the second set of data
may correspond to the output of the photodetectors 120 when

the light source 118 is off.
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to the region of the indicator matrix installation on the surface of the
sensor housing 112. The optical field of view for one photodetector 120(a)
of the embodiment shown in FIG. 1 is illustrated in FIG. 4. 15 [0040]
Because light cannot pass through the circuitry s from the backside, the

sepsas 110 can be.surgically installed in viva so asto orient the optical

view of the nhotadetectors 120'in the most favorable Pldtemerittos to
minimize liJRt pASsiAg thrddt: . Retskire. Fereéxample;insome 20he
embodintents| arientingrthe senseroptical field,of view. cﬁn‘HQr%’ﬁ%W?}'é% cor

bady core:-tissiie may.b st favorahle. This is illustrated in FIG. As
shown in FIG, 5, the %ng%gﬁfaégtoﬁ e Photolidtectsr RECEsvered Bythe

Hor: Hitsfaretht firatefigrd 04 9P £ supkacsl 590 )-faceisd nwand 25 towarh
body=Corentissite 50 11angh away:from dhe skin. 520 .to, which itis the

clasest. Because, it is possible that this orientation may not be maintained
in--vivoefollowirfg)a “insta Ieati%# er.a.,]tEe sEHSof Mighk FolF 8GARg HsTAIEl ©f

G Fdvemand, iths Eonranprdedihatisameembodiments. it 30will

beadvantageatss tincorparate antistllsuiriggers’ on, the sensor
hQusing %&ﬁ'&é%&ff%mt\ge of ensor 110 with outriggers 610 and
611 attached to sensor housing 212- $0 “preVBntTolling. 2070021 Fioht
adtifion 18 Providing artift re\ed optical AS6r. ~sPhthatiadifs €antly 1o may
fcbt@muaabs:_tbete:_ﬁﬁcé of @H&J@nggggzl Fin H"r'crf?"'tgl't@’?fi‘;%écc't'EQ'snL{ng ,the
Bﬁé}§§§n£HP§¥£§£§ags ﬁﬁgwx%%gg n@gggegézégsgznds to the

total amount of light from the indicator molecules that
reached the photodetectors 120. The processor 710 may then
use the final result to calculate the concentration of the
analyte and cause the user interface 711 to display a value

representing the concentration so that the patient
it.

can read

[0046] Advantageously, reader 701 may include a small
photodetector 714. By including photodetector 714 in the
reader 701, the reader may monitor the amount of ambient
light. Further, the processor can be programmed to output a
warning to the patient if the amount of ambient light
detected by photodetector 714 is above a pre-determined
threshold. For example, 1if the output of photodetector 714,
which may be input into processor 710, indicates that there
is a relatively high amount of ambient light, processor 710
may display an alert message on user interface 711 to alert
the patient that the sensor may be non-functional due to the

high amount of ambient light. The patient can then take the

appropriate action. For example, the patient can move to an
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5 external signal reader that receives the output data transmitted from

tine oD”._ical sensor 110. As d'_scussed above, this output data, which
carries information concerning the concentration of the analyte in gteston,
may Le-ransm.tted wirelessly from sensor 110. 10 [0042] FIG. 7

iItiStrate’s ea¥rexdmpte of aheexternal reader ;70 In.therembodiment. _ . .
showmirz FIG: 7, the optical sepsor, 110 i implanted near a patient's wrist

and the reader 701 is wort, like a watch on the patients & “That is,
ré88éi770'_-. is attached "o awwisthand 790: In some gm'bodiments, -
reader 15 Q;emgg mog%@(pl%ed gwghcg cconye,r;ﬂgnal watch. Preferably,
wrist band 790 is an opaque wrist band. BY weat ng & Ypague® Wristay
band 796 " the-patidhtAwil et erthecamoant of ambient dight zeachipgithe

opticat:sensor:[043] As;shown inElG. 7, rgader 7 Ogei&]‘gleusdéaes  a trec%iggg1 .
20 i€, & processor 110, and a user in'&_erfgce 7__1. The user interface "=~
711 may include a display, siich as, foF &xampte, & Jitfiid thystal

diSaY A C DY of vthéi f/pelokdisplay: The freceiver 716 teceives data, o
tranrsmitecbirom the sensor. The processor 710 may process the

received data to produce output 25 data ;..q., a numeric value) that
répPésents thénceneentiation of the analyte lieing raenitored Ry the

sensosd{0e44 Lo, example [in.same empodiments, sensor 110 may
tg%%slrgggwdg.s ts of data to reader 70"1. he%gtgs%eithdf dataiiayy ©f the
corréspond g e'ouf[ppUtsotf?ﬁe ‘PHotoBsREERTe 1 20180 driverthatight based

SBurege 18 iscemantthecsecond:set of datas nmay comespond tothe
autputof the pho-odetesiors:.20 when the g squrce 118 off 11

t likely the
sensor will not be able to function properly. For example,
processor 710 may determine whether the intensity of the
ambient light is greater than some pre-determined threshold.
If the intensity of the ambient light is such that it is
likely the sensor will not be able to function properly, then
processor 710 proceeds to step 890, otherwise processor 710

proceeds to step 808.

[G04e] In step 890, processor 710 issues a warning to the
user. For example, processor 710 may display a message on
user interface 711 or communicate to the user that there is

too much ambient light.

[0050] In step 808, processor 710 activates the sensor.
For example, processor 710 may wirelessly provide power to
the sensor, send an activation signal to the sensor, or

en , OX

otherwise activate the sensor.

10051 ] In step 810, processor 710 obtains data from the
sensor. FPor example, as discussed above, the data received

- : o
from the sensor may include data corresponding t
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[0045] Pry sso_ -lu processes these two data sr~s pr.oduce output data
that can be used to otermiu:- the canoe ration of Lhe ar:a_yte be:Ln-
mon.ito ed by th= sensor. For instance, the first-- se= of data may he
processed to 5 a. a first result correspcnding to the u-r, of (1? t.,e total

amounLeblight.-0:n the jndicgfar mojecules that reached tie
photodetectors 120 and (2) tﬁe%t%qg gr%%un? of ‘ambient lighPthat reathed

th8 HotBaBtEtts.ré20 Mite EEBHd 8ét Bhaattmayie Psocessedito. 15 ght
prodncce @ secend 10 result corresponding {a the totahamauntof. . .,

ambient light that reached the photodett.ectors 120. The processor 710
may then subtract the second rgsuf(tg%r%an A& firstTashit® tAakéhy-©

dbtariig Afinal’result that corresponds to the total amount of fight from

thgdadicator molecules that 15 reached the photodetectors 120, The
plﬁrocesshcor 7 1%1nm§§7 ?ﬁer% lﬂgée A& Final tésult to BARTERERe Cohceritrdtion

ofthe aRaRjtediiFcause e userarterfateszht to displayarvalueg

representing the goncenwationso,thatdhe patient can.read 2Q [0046] -
Adyantageous! lrggceie 701Crga¥ inglude, a small photodetector 714. Ey
including photodetector 714 i thé “reater 70 L thé teadBr hidy misriter

the drmotint of anbient digirrFurther., theprdeessor cansbegrogrammed

toreutpst & Warning:te the-patient ifithe @JEQU%Q&%@@&%@@%%E’ £
qj%tg}ggetd by p otgggtector 7141 ,@Obove a pre-determ4_ned rejsho}lcf
5 odetEERdr T4 wWhRAERRY B inputint

. T 3
For example,’i the oﬁtﬁu%to%lp%o
ProcessBE 748t indicatessthatthiere to the output of photodetectors

120 when light source 118 is on to produce a result that can

be used to determine the concentration of the analyte being

monitored by the sensor.

[0053] In step 8l4, processor 710 causes information or a
nessage regarding the analyte being sensed by the sensor to
be displayed to the user, wherein the information or message
is based on the result produced in step 812.

[0054] In addition to providing an improved optical sensor
design and an improved reader, the present invention provides
an improved method for operating an optical sensor, which
method also attenuates the negative effect of ambient light.
The method may be used with a conventional cptical sensor or
with optical sensors according to the present invention.

FIG. 9 is a flow chart illustrating a process 900 for
attenuating the effect of ambient light on readings provided

by an optical sensor.

[0055] Process 900 may begin in step 901, where a
determination of the amount of ambient light reaching the

photodetector is made. For example, in step 901 a signal
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is a relatively high amount of ambient light, processor 710 may display an
alert: message on user interface 717. to alert 30 the patient that the
sensor may be non-functional due to the high amount of ambient light.
The patient can then take the appropriate action. For example, the patient

c -0,an 12 area where there is 1-5s SIO,Ljent 1oht or shroud
tlﬁl%&e%%\ér%s%._r ‘s.o(;-lgeer ﬁ%t }g’g ot %W?iozr 1-1f ~Reb obarrEre =
8 i€ 5910w’ hiaifiit uskrating s piece 8o rthat nay:beperfermed byn -
processer 740: Process 800-may:5 begin in step.802, where, processor-
71Q regeives an input, indicating that user of reader -'C1 has requested to -

moun i

obtain a reading from the sensor or where protess6r 7o 2utehe ically
d@tlé?,tof%eﬁtﬁ’af“ ft'timé oh:Chn thelta from sthieisensor: 16 [0048) in step ot
804, processor#10,0htains fromshetodetector 714 information regarding

the intensity of the ambient light. In step 806, Processor 710
deter-m_nes, Basejde%ﬁ%ﬁIéQir?ftd??néat?oor?p Bbtaiied s stet SoFhwhether thei s

intéfisity of e atfsient ightisrsuick thatitis zo_peavlyithe:r15 senser wil
naemable to function propeslys F{Qrc@@aglehop@&eeésg’gC?,loomgélrwise the
dS?HHQQ?‘ﬂgggggégeto step 803.

[0056] In step 990, information indicating that there is
too much ambient light is transmitted o a sensor reader.

After step 990, the process may end or proceed back to step
902.

[0057] In step 903, the indicator molecules are
illuminated for about x amount of time (e.g., 50 or 100
milliseconds) . For example, in step 903, the light source
118 may be activated for 100 milliseconds to illuminate the
indicator molecules. In one embodiment, the light source is
activated using about a 2 milliamp drive current. Next, while
the indicator molecules are illuminated, the signal produced

by a photodetector 120 is read (step 904).

[0058] Next (step 908), the signal obtained in step 901 is
subtracted from the signal obtained in step 904 to produce a
new signal, which new signal should better correspond to the
concentration of the analyte than the signal read in step 804
because the signal read in step 904 includes not only the
light emitted by the indicator molecules but also the ambient
light that has reached the photodetector. Next (step 510},
the new signal is transmitted to an external reader. After

step 910, the process may proceed back to step 901.
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intensity of the ambient light is greater than some pre-determined.
threshold. the ir-:-ensity of the ambient light such that it likely the sensor
will not be able to function properly, then. 20 processor 710 proceeds to
seep 890 otherwise processor 710 proceeds to step 808. [00419] In step
800 fypcesser, 710 issu990$a warning to the user. For example, processor
710 may displa@ogvrﬁgssaée%a Userlinterface>H P oronfifititieatets the
USEt" that thete 18725 86 2StEATdMbiert dight s 0050 stepy 806y,
pﬂfoﬁessmfeﬂ&a&ﬁﬁiyaﬁﬁs the §eB§1QB:LEQEféﬁn}mebgl@lcef(%)_rp?e]i[%or ing
maywijrelessiy pg(%\éldg power. (t)% etshe sensor, send an activation S|gnaIPto
the sensor, or otherY/ise'agtlvate the sensor. 30 [6O8TPHstepr6Te5s0r 266
ptotessor 1E€ Ghtartdats frog! the ssensor. entamble; as dissussed (rs1c)
above the a=beddata -vecei.- 1 from the,sensormay 'QE'%eedg%ps of
l[g%séos%ndjeg to the output 13 of pho'odetecto,-s 120 when _ight'source
18 'on and data corresponding to the output of phut deter-.ors 1%0
whbeBosal~lrzcsouree; 118 off tensor. 110 may wirel:.ss?y lions t -he
data to rec Blgé 716, which, then provides the dastalt%tS” B?zééjsos%okﬁrl.o.
[0052] T step 812 Cprocessor 716 procleE e recei et data to produce
& Fesyie that? i emsor isoprarir, st eprrectly (eigertheredsnofdgedauen g : o
anabient lightls canbe wised 1o caleulgte the congentratian of the analyte

%ngiseconds). For e 1 i
Kample, in step 1002, the light source

118 may be activated for 100 milliseconds to illuminate the

indicator molecules.

[0061] In step 1004, data corresponding to the outputs

produced by. photodetectors 120a and 120b while light source
118 is on is transmitted to reader 701. 1In step 1006, reader
701 receives the data. The data may include a reading from
photodetector 120a and a reading from photodetector 120b,

which is referred to as the reference photodetector. 1In step

1008, reader 701 processes the received data to produce a

first value. For example, the value may be produced by
dividing the reading from photodetector 120a by the reading

from photodetector 120b.

[o062] Next, light source 118 is turned off (step 1010).
In step 1012, data corresponding to the outputs produced by
photodetectors 120a and 120b while light source 118 is off is
transmitted to reader 701. In step 1014,
the data.

reader 701 receives
The data may include a reading from photodetector

120a and a reading from photodetector 120b.

[0063] In step 1016, reader 701 processes the received

data to produce a second value. For example, the second
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10 monitored by the sensor. For example, as discussed above, processor
710 may subtract the data corresponding to the output of photodetectors
120 when light source 7.16 is off from the data corresponding to the
output of photodetectors 20 when light source 118 is on to produce a

resuitthat.can;15 bedised to determing the cgneentraticr of the analyte
being monitor-ed by the sensor. [0053] In"step 814, proc%ssor 710

causes information or & messige regardifg therandlytebeing sensetiby -
thersenisor to0 bee dis@yed tthes user; avhereim the informat:onQr fron the
message j the re duced in step 812. [005'-] _n
afc;%';igor:? %(? %%o?/ﬁi%g%%&éogggg{a%oﬁga%siﬁﬁnaﬁg a%si%ndpf%(\l/eQEtermille
reatfer CHE pregérit- S nGEntiBh providese dirigroved retiiod for the
operating-an tpticatsensan whichimethod alseattepuates the negative
elistfambient 3o 25 THe 016, Ned Mgy be used with a conventional

optjcal sensor o- with optical sensors accord™rig to the pré%'e?lt Invention.

FIG 58 1$ 16w Chire ifistiatinig 2 process gbo-forratieduating the effectn) .

of ent light in rovider'. by an. optical sensor. 30 [0053]
[dwpiant light on readings provider'. by an,op isor. 301
Proces? 900 maylbeg%n ingétegp 801, W%“e%"g% Hetefthitatio® ftofthe

amourt of rRBieht light FEacHIAg the phefsdetettottiswddesFonderstood
exampte; inistep0ka j@m.a&%pfwgidby%ogﬁgggeﬁf _ t&-e steps
phatode.te~.\cors Is obtained during period - t:i ne when the indicator
mo~eculk are no el_l‘% %rrpf%ola? .éﬁ%st% &5Th Step"602 706 ter M BFBRTETRE
e > °16 whHeétherthe drfo Rt sfambient lightireachinly theeps added.

[0065] While various embodimeﬁts/variations of the present
invention have been described above, it should be understood
that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of the present
invention should not be limited by any of the above-described
exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.

17



10

15

20

25

photodetectoris such that it is likely the sensor will not he able to provide

an accurate reading. If the amount of ambient Ligt. caching the
photodetector stcn that _t likely the sensor will not 1be ab]e to provide a..
accl,'r ate reading, then the process proceeds step 970, otherwise the ]0
process (proceeds to step 903. [0056] In step 990, information ind’réQtYr[f’gW‘SE
that there_ _s too much amb.ent light is transmitted to a sensor reader.
Afterstep 990, the process may end or proceed back to step 902. 5

[0057] In step 903, the indicator molecules are |lum.ina-ed for about :.
amount of time (e.g., =0 or 100 milliseconds) For example, in step 903,

the IighEsourcg %%ghmgythe activated fotr 100 milliseconds to jlluminate
the indicator mcl ecules. Th ore Brmbsdimadt, 1hE LBgRE&Irct g that may

activated ysing ahout &2 miliamp drivie gurrent.Next, while, the indicator
molecules are illuminated, the signal produced. by a photodetector 120 is
readl'¢steprod)l 430581 Nexinfstepi298), the signal ohiained in step 901

is subtracted. from the signal obtained, in step 904 to produce a 25 new
signal, Which ek siephal shoindlbetter conelsponteto theh corlegntrasivingf the
the a=11-Le roan the siana_ read n s 9,04 because the signal read. in

SBR'GE4 el BAEE Fbt Bhly théMight'éitfed by the indicator molecules but
also theyangignt, ight that hasreached the photodetector. Next (slep 3L .. o,
30 the new S|gnall|s transmitted to an extenal reader. After steé f(ﬁ),dt%e
Rrosess mayPrecesd hack tanstepn&0kne indicator molecules are
illuminated, thereby determining the sum of the amount of
ambient light and the light emitted from the indicator molecules
reaching the photodetector;

ceasing illuminating the indicator molecules;

after ceasing illuminating the indicator molecules,
determining the amount of light reaching the photodetector
system, thereby determining the amount of ambient light reaching
the photodetector; and

determining the amount of light emitted from the indicator
molecules that reached the photodetector system by subtracting

the second determined amount of light from the first determined

amount of light.

2. The method of claim 1, further comprising
transmitting signals to a sensor reader, wherein each signals
contains information corresponding to an output of the

photodetector system.
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15 [0059] Process 900 may be performed by processor 266. That is, in
some embodiments, processor 266 may have software, hardware or a
cons nation of both for Performing one or more steps of process 900 For
example, processor 266 5 may include an application specific, integrated

c rcui t (ASIC) that is designed to carry out one or more of the steLOSoV(sSE
Process 900. [0060] FIG. 10 is a flow chart illustrating another_ process
1000 according to an embodiment of the invention. 10 Process 7.000 may
begin in step 1002 where light source 118 is turned on for about x amount
of time fe.g., 50'6r PO SHillRdecolitid). Eorgxemage, ilstep-002 the

lighht source 118 may be activated for 100 milliseconds to illuminate the
i(r%hfc%%rl rrlri‘Lc?Igcfﬁl {%% Péo[lf)]f) 1] T’z gf@p 100% 'd4ts chF S pokting 10 tAE°T

QIPLLS: roduced 'Ei)éa@?@&dﬁﬁ%c Fs defa.and 1200 whilg light §85H£‘%%tchte ing

118 is on transmitted to reader 701. In step 1006, reader 701 receives

data. Iheodataimayrinchde anteading from gphotodeteetos 120asandd e rmined
reading from photodetector 1200, 20 which is referred to as the reference
pHetotetedtol 1 I Steps 10081 eerder 70 1aprovessesdhie yeosivedrdatieto.
produce a first value. =or example, the value may be produced by

dividing the reading from photodetector_ 120a by the reading from

photodglt_ectorT’theOQﬂ %[30(106 Ne .t light sgurce.118 is turned ofé(step
1010) In step 1012,e?fata coorzgescggnl m%’towt %roedfﬁu sl,rl |65roS iced y

photedataetors 1202 and 120bwhils light souree 118:isoff is-transmitted,
to reader 701. In step 1014, reader 701 receives
light source.

5. The method of claim 4, wherein the step of activating
the light source comprises driving the light source with about 2

milliamps of current.

6. The method of claim 1, wherein the step of
determining the amount of light reaching the photodetector
consists of obtaining a signal output from the photodetector

system.

7. A method for compensating for ambient light that may
reach a photodetector system of an optical sensor having
indicator molecules, comprising:

(a) illuminating the indicator molecules;

(b) capturing a first signal output from the

photodetector system, wherein said first signal is a function of
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the data. The data may include a reading from photodetector 30 120a and

a reading from photodetector 120b. [0063] In step 1016, reader 701

processes the received data to produce a second value. For examp!g/,ywl
second 16 ~~alue *,iay he 'aroduced by dividing the reading from

~>hoto ..tecl.or 120a by the 1 reading from photoderec-or 120} In. step

1018, reader 701 suotrac- the . econd value f -oni the first value to obtain
&Pesdir Beasdary befuderktd debdrmibel Sithe eomderitratiors of ive asaliftece or
being monitored by the sensor. =n s_._; 1020, reader 701 displays

iRFSTPRSESN Corde: npﬁﬁ’fﬁ’él%fcﬁfcfé’rﬁrastfi’ﬁ%‘i“the an.aly =e (e.g., it-
displays a val resenti_~ hed term| d co --ratlo [OO Al ior
g e o e S R R o st

"1-, ough th ove described pro es are Ilus?ra ed as'a

$ROUeNaR 95:0RS.dbsheuid e undearstoad by ene SJlled dn the Az I:hqstl%tnal

least some of the steps need not be performed in the order shown, and
forthemmobrem somse stepsomayebe omittedtand additienal steps &dﬂﬁdxd signal
[0065] While various embodiments/variations of the present 15 invention

Havé bEdirdeseritdd Bbovenftahouly e uhbierstded tst theymve been
%esented l%)iway of eaam ole on(/yg and not limitation. Thus, the

Ppresé ASHoid nB"f‘%eplﬂﬂﬁt%ﬂeEﬁ?ﬁﬁ?%ﬁ%étem'

readt scope Bthe preSénth
ahg,ne-described exemplary embodiments, but should he defined only Jr.
20 accordance with the following claims and their equivalents. 17 LLOYD

WISE @aimsydnéraethgd for sompensating, fosasnbiant dight thatimay; gna1

is a function of the first and second signal.

8. The method of claim 7, further comprising

transmitting the first and second signal to a sensor reader.

9. The method of claim 8, wherein the sensor reader

generates the third signal.

10. The method of claim 7, wherein the step of generating
the third signal comprises subtracting the second signal from

the first signal.
11. The method of claim 7, wherein the step of

illuminating the indicator molecules comprises activating a

light source.
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reach a photodetector system of an optical sensor having 5 indicator
molecules, comprising: illuminating the indicator molecules, thereby

causing the indicator molecules to emit light; determining the amounh%\{D Wi
light reaching the photodetector system at a point in time when the

indicator molecules are 10 illuminated, thereby determining the sum of the
amount of ambient light and the light emitted from the indicator molecules
reaching4he photodetettor; céasirg iluMinatingrthérindicater molecules;
after ceasing illuminating the indicator molecules, 15 determining the
Anbtt of ight Reachifl the PHtB de et 85 stets ithiereby tfetéifiHingource
the_ amount of ambient light reaching the photodetector; and determining
t%letglm%&%lf%f |gﬁfL g?nll gasfrc()%ctﬁ%%ﬁ%?ctator molecules that reached the
photodetector system by subtracting 20 the second determined amount of
light from the first determined amount of light. 2. The method of claim 1,
further comprigingo pransmittirg signals se@-sensey:reader, wherein each
signals 25 contains information corresponding to an output of the
photodéfticrsystens ESLLEPYD WISE 3. The method of claim 1,

wherein the step of determining the amount of light emitted from the

indicatdt RMGIEEARE thE? Féached the photodetector system by subtracting

5 the secand,getermined amouny pflight from the, irst determined amount .,
of light Is performed by an external sensor reader. ’

means for determining the amount of light reaching the

SE

photodetector at a point in time when the indicator molecules
are illuminated by the light source, thereby determining the sum
of the amount of ambient light and the light emitted from the
indicator molecules reaching the photodetector; and

means for determining the amount of light reaching the
photodetector at a point in time when the indicator molecules
are not being illuminated by the light source, thereby
determining the amount of ambient light reaching the

prhotodetector.

14, The optical sensor of claim 13, further comprising
means for determining the amount of light emitted from the

indicator molecules that reached the photodetector.

15. The optical sensor of claim 14, wherein said means
for determining the amount of light emitted from the indicator

molecules that reached the photodetector comprises means for
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4. The method of claim 1, wherein the step of illuminating the indicator
molecules comprises activating a 10 light source. 5. The method of claim

4, wherein the step of activating the light source comprises driving theyp wjsg
light source with about 2 milliamps of current. 15 6. The method of claim

1, wherein the step of determining the amount of light reaching the
photodetector consists of obtaining a signal output from the photodetec-or
SyshéRE QO PIAThetied fordcoimpersating forambyient lightthatfmay the first
reach a photodetector system of an optical sensor having indicator

Molscules Soripridiiy:9h) Hiimating the indicator molecules; 25 (b)
capturing a first signal output from the photodetector system, wherein

said first signal is a function of 19 LLOYD WISE the intensity of the light

striking gsphotegensitive surface, of swfacas of they phetodefector systems 4
(c) after performing step (b) and while the indicator molecules are not

beiagsthimiratett; capturing arsecond signala® oudpat Fensthe reader,
photodetector system, wherein said second signal is a function of the
inbETSih oftife RHESHikRRY A2 pRotoselsitve sarfageartsutfecasiofittie of

otodetector system; and (d) generating a third signal, wherein the third
%%#EF reachf%g gﬂe phoggh%tectorgﬁt a poi%t in time when the

indicator molecules are illuminated by the light source.

17. The optical sensor of claim 13, further comprising
means for activating the light source by driving the light

source with about 2 milliamps of current.

18. The optical sensor of claim 13, wherein the means for
determining the amount of light reaching the photodetector
comprises means for obtaining a signal output from the

photodetector.
19. The optical sensor of claim 13, further comprising a
housing for housing said determining means, sald photodetector

and said light source.

20. The optical sensor of claim 19, wherein the indicator

molecules are disposed on an outer surface of the housing.
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10 is a function of the first and second signal. 8. The method of claim 7,
further comprising transmitting the first and second signal to a sensor
reader. 15 9. The method of claim 8, wherein the sensor reader
generates the third signal. 10. The method of claim 7, wherein the stép/BfWISE
generating the third signal comprises subtracting the second signal from
20 the first signal. 11. The method of claim 7, wherein the step of
illuminatihg thénndichtoramolecides comprisés activating a light source.
25 20 LLOYD WISE 12. The method of claim 11, wherein the step of
activating hedight Soeteés edffdrises driving the light source with about 2
milliamps oﬁgyrr r]ct 5t13. An ogtical sensor, comprising: indicator
molecule ;a pﬁo?ocfeﬁegtrorf’gﬁig?ﬁl’source for illuminating the indicator

molecules; ; ;gans,for detegnining the ameynt of light reaching the , 10, 5 ;

photodetector at a point in time when the indicator molecules are

illuminated:hy therlight-seucey therebysdetergrningshessums ebthe ne
amount of ambient light and the light emitted from the indicator molecules
iaehhig tiee photedetetor ahtemidzmst for idetermiming ¢le eenoentof fight
reaching the 15 photodetector at a point in time when the indicator

MOIEAAES Rle NbEbeing RFfnALEE by thEfightSdiiiee, therpjunction of

the intensity of the light striking a photosensitive surface or
surfaces of the photodetector system; and

means for capturing a second signal output from the
photodetector system while the indicator molecules are not 1in a
fluorescent state, wherein said second signal is a function of
the intensity of the light striking a photosensitive surface or

surfaces of the photodetector system.

22. The optical sensor of claim 21, further comprising
means for generating a third signal, wherein the third signal is

a function of the first and second signal.

23. The optical sensor of claim 22, wherein the means for
generating the third signal comprises means for subtracting the

second signal from the first signal.

24, The optical sensor of claim 21, further comprising a
transmitter for transmitting the first and second signal to a

sensor reader.
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determining the amount of ambient light reaching the photodetector. 20

14. The optical sensor of claim 13, further comprising means for

determining the amount of light emitted from the indicator molecules gty s
reached the photodetector. 15. The optical sensor of claim 1.4, wherein

said means 25 for determining the amount of light emitted from the

indicator molecules that reached the photodetector comprises means for

21 LLOXEC) Wrhe suhtiracting the secofidcddetermined amotirtrofdight-fieing a
the first determined amount of I-i.ght. 16. The optical sensor of claim 13,
fiPthEH XM PHSIVA 15 Fratisinites F6r ranshsttRPa Sigrial 1 $seRseptector
rea(gier, ‘wh?r,ei?l the sigrnal contains information about the amount of light
EAChing the Phdtod&Ect5 at a point in time when the indicator

molecules are illuminated by the light source. 10 17. The optical sensor of
claim 13, further comprising means for activating the light source by

driving the lightnsougael with akeulo2 nailiampsef gereme 181 fherepticali cator
sensor of claim 13, wherein the means for 15 determining the amount of
lighteeathing tive photodetéctor eonprises meaiscforobtaimngeusignal
output from the photodetector. 19. The optical sensor of claim 13, further
comprising a 20 housing for housing said determining means, said

photodg ctor,, Qd Saéqé'% t source, 20. The org)tig?l s%ns%%gf claim 1.9

2. . o) énsor pr cla T comprisin
wherein the indicatof molecules are disposed on‘ar outer surface of the -9

hRUsSIBgF o+ activating the light source by driving the light

source with about 2 milliamps of current.

28. A sensor, comprising:

a housing;

a circuit board housed within the housing, the circuit
board having a hole created there through and defining a
passageway from a top surface of the circuit board to a bottom
surface of the circuit board;

at least one photodetector mounted to the bottom surface
of the circuit board, the at least one photodetector having a
light sensitive surface, said light sensitive surface being
positioned so that light traveling through said passageway can
strike said light sensitive surface; and

a plurality of indicator molecules mounted on an outer

surface of the housing,
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2522 LLOYD WISE 21 . An optical sensor, ccmprisi_nc: indicator
molecules; a photodetector system; a light source for illuminating the
indicator molecules; 5 means for capturing a first signal output from the
photodetector system while the indicator molecules are in a fluordseénty;se
state, wherein said first signal is a function of the intensity of the light
striking a photosensitive surface or surfaces of the photodetector system;
and 10wheansfoseapturing asecomesignat odtputdrom thetputs a first
photodetector system while the indicator molecules are not in a
fidorestent staet WherBih-saitPse86HE Sigreal is AfuhietiBnof te ifteRsity tate,
%f the light striking a photosensitive surface or surfaces of the
pﬁotodetector system. 15 22. The optical sensor of claim 21, further

compriging means. for ganerating.a third signal, whergin the third signalis . ,

a function of the first and second signal. 20 23. The optical sensor of claim

22, whereinstheimeansfoprhgenerating: thethirg-sigpal comprises-means the at
for. subtracting the second signal from the first signal. 24. The optical

densor ohclamh b datther eomprising a 25 transmitter for transmitting the

first and second signal to a sensor reader. 23 LLOYD WISE

29, The sensor of claim 28, wherein the circuit board is

constructed from a material that does not propagate stray light.

30. The sensor of claim 28, wherein the circuit board

comprises ferrite.
31. The sensor of claim 28, further comprising an optical
filter, wherein at least a portion of said optical filter is

disposed within said passageway.

32. The sensor of claim 31, wherein the optical filter is

a high pass filter.

33. The sensor of claim 31, further comprising a second

optical filter disposed in series with the first optical filter.

34. The sensor of claim 33, wherein the second optical

filter is a NIR filter.
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25. The optical sensor of claim 21, further comprising a housing for
housing said determining means, said photodetector and said light
source. 5 26. The optical sensor of claim 25, wherein the indicator
molecules are disposed on an outer surface of the housing. 27.5FheD WISE
optical sensor of claim 21, further comprising means for activating the
light source by driving the light 10 source with about 2 milliamps of
current3 28. ATsensem somprisinga athd@singra dicuitdooandihonsed 1ight
within the housing, the circuit 15 board having a hole created there

tHtbagh é‘f?dl%ﬁi%n‘boatﬁﬁs%ﬁe\ﬁ‘éﬁ?&ﬁ & topr BErfatEDdfthebGrelit board
to a bottom surface of the circuit board; at least one photodetector
mounted to the bottom surface of the circuit board, the at least one

photodgtector-having & Z0 ight-sensitive surface,spid-light-sensiive 1:ignt
surface being positioned so that light traveling through said passageway

ban cittike saiddight Sensitivessdrface paadenplurakitytofindicatarriking one or
molecules mounted on an outer surface of the housing, 24 LLOYD !!~/IS
Whkreiniskia atfleéistone phcioatetor Bhgindet first®ignal while the

indicator molecules are in a fluorescent state, and wherein said first

signal is a function of the intensity 5 of light striking a photosensitive

SUHam%QKSHggcgéﬁgéQeég E%E%éﬂ%%?h%ﬁé¥%?%“¥he light blocking

material comprises a black epoxy.

38. The sensor of claim 28, wherein the indicator
molecules are contained within a polymer matrix layer that is

disposed on the outer surface of the housing.

39. The sensor of claim 38, wherein the polymer matrix

layer is highly porous.
40. The sensor of claim 28, further comprising a light
source housed within said housing for illuminating the indicator

molecules.

41. The sensor of claim 40, wherein the light source is

mounted on the top surface of the circuit board.
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29. The sensor of claim 28, wherein the circuit board is constructed from
a material that does not propagate stray light. 10 30. The sensor of claim
28, wherein the circuit board comprises ferrite. 31. The sensor of claim

(5

28, further comprising an optical 15 filter, wherein at least a porﬁéﬁ)\@? WISE
said optical filter is disposed within said passageway. 32. The sensor of
claim 31, wherein the optical filter is a high pass filter. 20 33. The sensor
of claim31, firthercoomprising dssecolid  opticat filter disposethin:series
with the first optical filter. 34. The sensor of claim 33, wherein the second
optical "5 fiftel R a MR Fiiten 2585, TheXderfsdiToclaint2at fdrRay the at
%%mgisinr%a I'}g}l‘%%?%%ce mo_un(_g%g to the top surface of the circuit board.

*F'hie sensor of claim %%?ﬁirther comprising a light 5 blocking material

disposeg 1o, preventdight framgstrking-ene of; mere sides of saidat jeast, ¢

one photodetector. 37. The sensor of claim 36, wherein the light blocking
Mmaterialcemprisesde biackoepoxy. 120 88 Theisenser-ofelain 28 swhereinot in
the indicator molecules are contained within a oolymer matrix layer that is
dispbyedit g obitértsurfade ot the FUSIFG CE3139s Thieaderisoreoffelaiphion of

38, wherein the pol¥mer matrix layer is highly porous. o
the intensity oI the light striking a photosensitive surface or

surfaces of the at least one photodetector.

43. The sensor of claim 42, further comprising means for
generating a third signal, wherein the third signal is a

function of the first and second signal.

44, The sensor of claim42, wherein the means for
generating the third signal comprises means for subtracting the

second signal from the first signal.

45. The sensor of claim 42, further comprising a
transmitter for transmitting the first and second signal to a

sensor reader.
46. The sensor of claim 42, further comprising means for

activating a light source by driving the light source with about

2 milliamps of current.
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40. The sensor of claim 28, further comprising a light source housed
within said housing for illuminating the indicator 20 molecules. 41. The
sensor of claim 40, wherein the light source is mounted on the top
surface of the circuit board. 25 26 LLOYD WWI ii. 42. The sensor of claim
40, further comprising: means for capturing the first signal outptit HoHi/ e
at least one photodetector_; and means for capturing a second signal
output #dm the ab Soleast anerphldtogetector while the indicator molecules
are not in a fluorescent state, wherein said second signal is a function of
the intehsiy 6rthe/light StrikinEca photodénsitivs upfacesst stivfabestor
libe at least one photodetector. 10 43. The sensor of claim 42, further
comprlsﬁig means for generating a third signal, wherein the third signal. is

a h"manfgig%f%%%a §€88@gé%ggglﬁghn ‘%SSHS%%QfE@@Pﬁ' board;

wherein the means for 15 generating the third signal comprises means for

subtraciingithe: sesendessigpakiamthe.firstisignal 45: Jhe sensor of claim
42, further comprising a transmitter for transmitting the first and second
signal to & r20 sensbre readers 6. Wihd Sensbe ohclaimrd?2, famther

comprising means for activating a light source by driving the light source
vwﬂ1ab%u?%??ﬁﬁkﬁﬁp@%ftﬁﬂ%ﬁﬁtQS molecules disposed on an outer

surface of the housing.

48. The sensor of claim 47, wherein the circuit board has
a hole defining a passageway from a top surface of the circuit

board to a bottom surface of the circuit board.

49. The sensor of claim 48, wherein the at least one
photodetector is mounted to the bottom surface of the circuit
board, the at least one photodetector having a light sensitive
surface, said light sensitive surface being positioned so that
light traveling through said passageway can strike said light

sensitive surface.

50. The sensor of claim 49, further comprising an optical
filter, wherein at least a portion of said optical filter is

disposed within said passageway.

51. The sensor of claim 50, wherein the optical filter is

a high pass filter.
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27t LOYD WISE 47. A sensor, compri_sir_g: a housing; a ferrite circuit
board housed within the housing; at least one photodetector mounted on

the circuit board; 5 a light source housed within the housing; a transmitter
housed within the housing; and a plurality of indicator molecules dispogedy|si
on an outer surface of the housing. 10 48. The sensor of claim 47,

wherein the circuit board has a hole defining a passageway from a top
surface of the circuit board to a bottom surface of the circuit board. 49.

The sensor of claim 48, wherein the at least one 15 photodetector is
mounted to T bBaBAPSUFACE lotihercuit Hoaed, gt feastdme second
photodetector having a light sensitive surface, said light sensitive surface
Bgi%bcﬁ&siﬁb%Eﬁrsod%ﬁa?Oﬁ&ﬁt travafing thrdligh s&ilpdsdatfewly tant iiter
strike said light sensitive surface. 20 50. The sensor of claim 49, further
comprising an optical filter, wherein at least a portion of said optical filter

is dispgsedmiithinesaid passagenay =28 Shndheisenser ofclaim Sbtical
wherein the optical filter is a high pass filter. 28 CLOYp WIS 52. The
genseroficlaimiBR faithee comprising a second optical filter disposed in
series with the first optical filter.

54. The sensor of claim 49, wherein the light source is

mounted on a top surface of the circuit board.

55. The sensor of claim 47, further comprising a light
blocking material disposed to prevent light from striking one or

more sides of sald at least one photodetector.

56. The sensor of claim 55, wherein the light blocking

material comprises a black epoxy.
57. The sensor of claim 47, wherein the indicator
molecules are contained within a polymer matrix layer that is

disposed on the outer surface of the housing.

58. The sensor of claim 57, wherein the polymer matrix

layer is highly porous.
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5 53. The sensor of claim 52, wherein the second optical filter is a NIR

filter. 54. The sensor of claim 49, wherein the light source is mounted on

a top surface of the circuit board. 10 55. The sensor of claim 4'7, flfrt!;igfﬁ\ ISE
comprising a light blocking material disposed to prevent light from sLt Ik vt
one or more sides of said at least one photodetector. 15 56. The sensor

of claim 55, wherein the light blocking material comprises a black epoxy.

57. Theo8engbrotetasmrd b iwheeein the,indicatbre moleguies ang; :

contained within a polymer matrix layer that is 20 disposed on the outer
surface'6fthe KOGsIRgP 58 THe Seddditsf Sl Sl vheldin fhemholmer t

atrix laver is high orous. 2529 LL 0'111VSi 59. The sensor of .
L R PO R e e S Feh oges »

fromythesat leastane photedetectar while the indicator molecules are.ip.a

fluorescent state, wherein said first signal is a function of 5 the intensity of

thie=lighttatrikingya photasensisive surface o surfacescebthe at least @peace or
photodetector; and means for capturing a second signal output from the at
last apespledtotietector Wik thenindibatopdrsdlecties armfdot in a

fluorescent state, wherein said second signal is a function of 10 the
intensit) Gi'tfie i hf%ﬂﬁ&ﬁé%pﬁoﬁ?éé‘ﬁégti\?é Slffac8 WP hrfaEe® dftRe &t

%%E%EW%%%P%%bé%ﬁggéctor while the indicator molecules are not in
a fluorescent state, wherein said second signal is a function of
the intensity of the light striking a photosensitive surface or

surfaces of the at least one photodetector.

60. The sensor of claim 59, further comprising means for
generating a third signal, wherein the third signal is a

function of the first and second signal.

61. The sensor of claim 60, wherein the means for
generating the third signal comprises means for subtracting the

second signal from the first signal.
62. The sensor of claim 59, further comprising a

transmitter for transmitting the first and second signal to a

sensor reader.
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60. The sensor of claim 59, further comprising means for generating a

third signal, wherein the third signal is a 15 function of the first and second
signal. 61. The sensor of claim 60, wherein the means for generating the

third signal comprises means for subtracting the second signal fronm.the/' D> WiSE
first signal. 20 62. The sensor of claim 59, further comprising a transmitter

for transmitting the first and second signal to a sensor reader. 30 LLOYD

VV SC 683. The sensovofctaim 59 furtherrcontpsisingmedns f@fy means for
activating a light source by driving the light source with about 2 milliamps
GFEGrreRt Y62, ALS& s EbRThIRINGL i hbBisie at 1east Gieirce with about
Bh%opﬂgctcg hgysegrvgietgin the housing; a light source housed within the
housing; a transmitter housed within the housing; and 10 a plurality of
indicator molecules contained within a polymer matrix layer that is

disposed on an outer surface of the housing, wherein the polymer matrix

layer isdlighly perous; whereir saichqt least one photodetector outputs a

first signal while the indicator molecules are in a fluorescent state, 15
whereint said ai feist one photodetector outputs a second signal while the
indicator molecules are not in a fluorescent state, and wherein said first

analéﬁd%3%?%688ﬁd%ﬂﬁ%ﬂ%ﬁ%%§tor housed within the housing;

a light source housed within the housing;

a transmitter housed within the housing; and

a plurality of indicator molecules contained within a
polymer matrix layer that is disposed on an outer surface of the
housing, wherein the polymer matrix layer is highly porous,

wherein said at least one photodetector outputs a first
signal while the indicator molecules are in a fluorescent state,

wherein said at least one photodetector outputs a second
signal while the indicator molecules are not in a fluorescent
state, and

wherein said first signal and said second signal are a
function of the intensity of the light striking a photosensitive

surface or surfaces of the at least one photodetector.
65. The sensor of claim 64, further comprising a circuit

board housed within the housing, wherein the at least one

photodetector is mounted on the circuit board.
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function of the intensity of the light striking a photosensitive 20 surface or
surfaces of the at least one photodetector. 65. The sensor of claim 64,

further comprising a circuit board housed within the housing, whereinthep ysi
at least one photodetector is mounted on the circuit board. 25 31 i_LOY])
'All's[- 66. The sensor of claim 65, wherein the circuit board is a ferrite

circuit board. 67. The sensor of claim 65, wherein the circuit board has 5

a hole ééfinifigea passagewaycfrenma ¢op surface of tHescirduit idarkdotord 1s a
bottom surface of the circuit board, and the photodetector has at least one
pR&fosensivestifab83Rdt is positioned so that light traveling through

said passageway can strike said light sensitive surface. 10 68. The

sensor of claim 67, further comprising an optical filter, wherein at least a

portion of saig oplicalfilteris dispaseswithin said,pagsageway: 158 rd nas
The sensor of claim 68, wherein the optical filter is a high pass filter. 70.
‘Ehasenses ofclaign §8p furthercampfising & segondaptical dittet déspasedsi t
in series with the first optical filter. 20 71. The sensor of claim 70, wherein
trreagecdd dptieal dilte? i SANUR difteEh?2 CThEwEhdoP of Elairm8 7t Wherein

the light source is 25 mounted on the top surface of the circuit board and
ﬁﬁf&?@ﬁﬁfCtor has at least one photosensitive surface that is

positioned so that light traveling through said passageway can

strike said light sensitive surface.
68. The sensor of claim 67, further comprising an optical
filter, wherein at least a portion of said optical filter is

disposed within said passageway.

69. The sensor of claim 68, wherein the optical filter is

a high pass filter.

70. The sensor of claim 68, further comprising a second

optical filter disposed in series with the first optical filter.

71. The sensor of claim 70, wherein the second optical

filter i1s a NIR filter.

72. The sensor of claim 67, wherein the light source is

mounted on the top surface of the circuit board and the at least
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32 LLOYD WISE one photodetector is mounted on the bottom surface of
the circuit board. 73. The sensor of claim 64, further comprising a light 5
blocking material disposed to prevent light from striking one or more sides
of said at least one photodetector. 74. The sensor of claim 73, Whereiﬁ 1&5190 WISE
light blocking material comprises a black epoxy. 10 75. The sensor of =~ '~ "'~
claim 64, further comprising: means for capturing the first signal output

fsom theabdeastane photedetectdr;aneans fob capturing-the-seeandne

signal output from the at 15 least one photodetector. 76. The sensor of
ClalAs, fopthed comprising means for generating a third signal, wherein

the third signal is a function of the first and second signal. 20 77. The

sensor of claim 75, wherein the means for generating the third signal

comprisgs n tractj e sec ional e first sianal
oSS MRS IOLSPUACnG e s eare T e g 90

trapsmitier ferdeansmiting gbe dustand second siggattoracsenser 18adelone or
5 79. The sensor of claim '75, further comprising means for activating a
ligiresauideshbyp Arivinigithetligleesourceewithathoidtector .

74. The sensor of claim 73, wherein the light blocking

material comprises a black epoxy.

75. The sensor of claim 64, further comprising:

means for capturing the first signal output from the at
least one photodetector;

means for capturing the second signal output from the at

least one photodetector.

76. The sensor of claim 75, further comprising means for
generating a third signal, wherein the third signal is a

function of the first and second signal.
77. The sensor of claim 75, wherein the means for

generating the third signal comprises means for subtracting the

second signal from the first signal.
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LLOYD WISE

78. The sensor of claim 75, further comprising a
transmitter for transmitting the first and second signal to a

sensor reader.

79. The sensor of claim 75, further comprising means for

activating a light source by driving the light source with about

2 milliamps of current.
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