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the benefit of U S. 5 Provisional Patent Application
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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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[008] For example, in one aspect the present invention

20 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

25 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

30 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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[0011] 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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opti cal sensor according to another enbodi nent of the
present invention. Docket No. 2232-203 3 ,WO
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elP@ER] of diH5i-ert sheghta oﬁﬂ%&@ﬁﬁésbm%iq}mra@yogna sensor
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illTustrating a process performed by a sensor

gEQ@iQ%Pg tﬁie@”seﬂPOQifﬁﬁu dﬂgrkhgllggkfiﬁgggiao rocess,
TAI LED DESCRI PTI ON OF. THE PREFERRED EMBODI MER
[ 80227 dFaG ol agheWBoGH Pt iafalthgenseret s@ysatipn] 1phat may

agg%g}ﬂgm{eg a9 embodi pent. Qf. L he present invention,

that” operates based on the fluorescence of
fk§@§@fcen@1@ndbcﬁgoé 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 THE 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
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matrix layer 114 coated over the exterior surface of
the sensor housing 112, with fluorescent indicator
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a@lﬁlamJagmrgg léan bel rade Mbeompaeimqaararf&aal Raterials,
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

weight 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.
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sensor may be constructed in such a way that no
electrical |eads extend into or out of the sensor

h 112 e sensor
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housi ng 112. Docket No. 2232-203 5 WD 2004/092713
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[00281 As further. illustrated in FIG 1, an optical
filPPER] 134s sivatthgs alhighragass ior FbEndl pass ddtlitcen, filter

pﬁ§ﬁ§r§@&ﬂ A§;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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generated by the source 118 from i npinging on a

phot osensiti ve surface of the photodetector 120 At

t e f I 0 ent

e e by For QoLant RIThATST Moy onil it 176 fhaed By the
paddtenr ou”é*rﬁ’ft d-sst itkEe 25134 pivot wensngngéla:aacgil@n pakvent

t Cc [ uces "noi
R e ont of °Bi bhar ] KBk S e e of =
i RéPgeatteatiatli2dn ngnordwm@aur @en8¢18114§ GO%]other
HOWRYGE s CHEN d1AYAl ga%ﬂeéhel% TRy SigpL{] cantly 30

reduce "noise" crea y radla ron from source 118

fi 13 i g tten

fggggg%bleﬁ?ﬂak %%lgou%%%% ngr ?c% affyqbeca sgade of
|@gﬁ?t@ﬁ%ﬂl[ﬁ¥?§eﬁoe§békétPﬂ@PaQEZEZSZQSYGlNMht or is coated

2 092 2 0 Ki.n has a
nolengt i bt ray hol Be fi (PP el Ry Liane.
TREEst sPY fudiner sugh ﬁa§Ubﬁﬁraﬂegd7D|oaﬂt¢qnpn&§um@tthe amount
apghi t 199 t osensi tive

sg?f %g%l%ﬂigq g%}%otr% g{%@ Eﬂe %(51%&?%%%??@ 120 endgy some
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I Q3Q] e Q_of sensor 110
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A@@mmihmalIﬁhlsntsehstmwﬂlﬁfnhanphmgoueiqﬁkmmﬁetaetors 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. Like in
the embodiment shown in FIG. 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
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may be nounted to the underside of circuit board 170.
This my be done by, for exanple, a techni gue known
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20 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 joint created by the mechanical

tolerance between the filters 134 and cilrcuit board holes

25  301.

[0035] As further shown in FIG. 1, NIR filters 106a and
106b 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 filtex
30 134, but also 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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filter 134 so that |ight can only reach a
phot odet ector 120 by passing through the filter 134.

WO 0®34%278% nenti oned above and illustrated in FCTASDO4/011392
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the 15 bottom surface and all sides of the
phot odet ectors 120 may be covered with black Iight
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unwant ed refl ectionst hat t occur om par
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FEepher; %ﬂthﬂ@g@péhy nghyishel Ifséd pbaeﬂct¢xﬂstndaaly clear,
filt r..ea h ect.o 2 her.eh

ot Véﬁ?f%%ﬁg&ﬁh% R A L
graecfodmt = rdetsed SI@yath‘lecimmlreawhltblmmﬂdE in a highly

b filters 134 d r b S

S8 BRE T L el P e, ke "R oF i Spees
le6ananditil 08ls wEy fbeepbsal irmfe:dtccmeEOpn@éx fad tigresmatrix

1 I confl uratlon
\Agéladgggsfq%%ﬁ%ealSlu%[sfggﬁ%{ﬂ{(fe%ec 3 Ho?o e e “tlaizﬂfght
t ecpabsring ouigthimot-henhyt fist t1e1r4 36133A¢a’tbilﬁr dlssdeNERicial

filt 0 &S, 1,and 2 rrake cl ear.
%‘% g%%gﬁfl?%h% %%E‘E]enﬁ‘rgiégc IS oUEY Bt BT 128 I %Pm an
f erserpak ssadrau@l fohe 11Docczl¢etenl’kler QEQZSQOQDJB NOsing.

/ 7 PCT/ US2004/ 011392 . mat.r 114cnta|n|
CReCPRanId iy OrRg) satetit s Pl Fhr s ber i RS
I pghtesamﬁtmakla@gt heet opt siw fldde ief al hered hat oﬂﬁttechér

120, and, denterfere with the optical sensor.

APEREUS hlﬂl kj%/rl X iﬁ Y LEaacteristically clear, 5
bé b %eaSI E@ger %q&%&@%mggdgﬁen90|¥PQJ'Zaﬁhgnls
react ase epéra i'on occurs el results in a
hpghﬁyeeqbdnou(@)rm;tombxnmg et(amii14EMAhei tiarge silzedoktilled

thQ fas' 0 aéoorl%t‘ﬁ"s e Jifthengniial; refractive - oo ur
lO 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 matrix (or “white gel” matrix).
Polymerization at higher or lower temperatures can also be
used to form a white gel matrix. An example is the formation
of a 30:70 gel using 175 ul distilled water + 75 ul. HEMA +
8.44 ul, VA-044 (2,2'-Azobis[2-(2-imidazolin-2-yl)propane]
dihydrochloride) (other free radical initiators such as AIBN

(2,2'-Azobisisobutyronitrile) 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
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114(versus the surroundi ng nedium, cause substanti al
light 10 scattering within the matrix 114. This
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anmbient light arriving froman external source before
it can enter the sensor housing. Accordingly, in sone

odi s of, the inventian, .th ocess of nmakin
t %JEE rriﬁt (VT 4S §aPEEFREC gjolgt}ﬁaglf’ﬁglﬁ% %tteﬁ%?lllig
WnbbeBEahygqudeﬁOb@mSalﬁOﬁ&ﬁﬁag&&ﬁoﬁxﬁﬁﬁﬁdXSIdf'%@ﬁﬁent
matri.x.114 is rqduced onbi.ni n

t .
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ratcb)a dy 581/\/:a]£s| rtbgohbénpé((rmn(tC):hadHE?gct)ﬁQiJlﬂectg@?L/ﬁgitltin

at . (.agueou SOl utl on an ) u
SR D T et ae L A T S AR ke P e Siaht-
atvhﬁeomcmaerrmcrl abune BQer‘ﬁ}mhkliaﬁﬁilTeU @B@f@?i«hfshlﬂ'éicﬁ;ure
ce | orous nmatri X

SREFESGE o S LY T (2
I t b dto f
o BBl ¢ B e B e O g P REE T b U T 1n 106: 5o the
gebnu3idig: Ihppaladi st biﬁﬂu\l\ﬁﬂo@?rdﬂ lT'z'aouLt}H;E;%thca& 44e1d of
L . VA- 2 |  mdazo opane
LTiSE: Sents R Caeher b ot e ATt a ot fofidd W BaREk ctea

ALENthé 2185 oAz ol eﬁeobl?mwaxmﬁ mfalte)_x m@iﬁlallghaaﬂ_oﬁﬁ on the
used Anot her eature o sensor I.S that at
EEEAGhet 6 GPRRRE FOUSITG 1122 nbyS el dded SR oF view

Ofganbte Qfhdtwolegantor Uppant St hat whbddo@dise dhben in FIG.
doped fﬂ't of t e housi ng 112 to function as an
Jtita

‘Httré‘lte FoF EXGnplee, is contenplated to

d part_ of hou 112 W|th savi hyl cket No. .
30848570 RB 500416857 15 o Be3B0RF DTAT0S Mo huL try
wWii-el tise arnisgasi, Cthéagmniﬂxoqhiongaﬁaberélajgldaﬁly installed

, _under certajin agat i on, vect ors of
22%?‘2?81?5 yﬁf‘? gt , to % PLIE o ﬁ%e%aasgf%‘@t?@éﬁkf dope the

heust 6@e e drid 1eaclnnat1v@yncﬁa& a3 vboaPd YolpeldMdntt he
reghgglégl’eCHJ pa381ng 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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5 the photodetectors' 120 field of view to propagate
light. This nechani smwould use a "saddl e" graft
waemhiopsei ure fabricated by the pre-nmachi ned PCT/US2004/011392
encasement procedure. [0039] By use of the
non-transparent material 104 and the non-Ilight
prrepagat i Nop Qi It ;RO L :Lhe _opt field.of
1(g©vi eglv of trge&{p cﬁlg e?{ég}f%cr?‘gldll%% |a§ %}8‘%]?(]?‘6?4 et %éﬁal sensor
r €§eipRt Bt o5 tdd fileghbhy oft tdmeaitedi the orf fmtir iof ambient
i R l ati . ensor  housin
113575 B o AR R oS e Bhtioderatror 10
12beapreferhelnuenddionent sshowviidesFi@prodenents to the
[ ed: i n Fl 040]. Because |ight cannot
> p%ggé%ﬁg%u%hét le rgafi %ﬁl %}?ayg OII‘ercoe]rﬁ\'te ﬁe%%%c?(%%ipg‘le, dtaﬁél
séngppmitiget afrdye ther gptatdly semsbal Led. ixs WiseuseedSabove,
t i en tical yi f_the hot odet ect ors,120
Rt ey apro) Slides TRsoPHRRR 2R S che
passragtrétiouye i beskial ytorirexarpttonj msaone 2@ansmitted
e | , ' iL.n sensor optical field of
v?g\?vgi?%%]\iﬂﬁfdf{%{mgrgésgg@ﬂgbre ti ssue may be m)s:] _
f | e. iS5 LS+] ted in FIG 5. As own.in
10 F?E’ig&%? the]:_-r%in'e7 s%% Pglégé%%sata%ee%ﬁgf%%e? ec noreX%éatr fal’ reader
colér edIpythichempodimenansparerdn Fater 7 al tHdbpticel, sensor
S a ' r 5 1.0 . bod re tissue .
S0 b e o Ehe. TR fo R Gin (oA TERaeE 701 48
chosestikdBer alpdehi tni shpassiisingst han. t it drsi,emtatieon701

ey QQ{a ed“QCP%aMQ§9Ei65A"4%9f°!&8“é5%£ iﬂﬁ%&y E% g9nreader
(e.g., the sensor might roll “during nor mat 11 mh
15 mdoémeny )he iqonbd nednvetipl atwohviehat ohal senecrenbedefenssly,

i i antageous to.i.ncorporate anti-roll
" %ﬁ%%c \é%géé%%ooﬁq\ét Eé g‘%ﬁ or "ReaSi ﬁag(ng.BeyFIw@aréngsaﬁ cpaque
f vohst Vhbaw of90senser pdtllenwivtil loutdiggettse Ghbuandobldmbient

bocter N 3 bRt sedarbeer s

P€36§§¥004&Q;%%%%n in FIG. 7, reader 701 includes a receiver
20 716, 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
25 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

30 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.

Docket No. 2232-203 11



[0041] In addition to providing an inproved opti cal
sensor design that significantly attenuates the
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the optical sensor 110, the present invention also
provides inprovenents to the 5 external signal reader
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b 0 band. wear ing an opagque
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a processor and a user t
useen Sm“@ra‘cs:cethélﬁenaydl neduide faodi spé ay:,rstuo!esaﬂt

f ui.d_crystal. . di a th

| SEfaBh g Bold AUt gL VRLEh SRl Gl 2L

t rtahsim amcmhn‘ rqultllgetsénsrmrtheThadlpabees:mIecZﬂjﬁésrmyiat

p t cei tat roduce out ut 2 at a
(&gggﬁéd {h rl%o&g|88€o¥% (fepgggeﬁfgc I?%l% may then
coseehhbe a:t1rcm‘L afestifhé anatgllcaJMenghaoﬁom@ér&drabymhhef the

S 0044] For ,exa ' odi
gplgg}/til%mp a]utrgﬁgmu?g lnteét%‘%ﬂggb Srpelﬁlé'eF‘ value
7®¢p1é'he’l’ffllrrgsttlﬁebonf:en’daiialdmwocﬁhééSpl@sEleatﬂidnlte can read
oyt put of the photodetectors 120 30 when the |ight

soufce 118 is on and the second set of data may

mﬁgg@%PO”C’ﬁ&%éﬂ%%g%%h?fy,‘¥e§ er 9B9t396t5§§fﬂ' %ngall
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, if 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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that can be used to determ ne the concentration of
the anal yte being nonitored by the sensor. For
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t HPRB LBt AFeRffInt "BEranBT @FRSIorgAL0 reetivesmcired nphe

phatiedst €€ QH§&1%Ous$Eeo§r9&§§§pﬁOzlgagayeq& d to obtain
subtract the second result fromthe first result,

t ReFEBY BBt B §casenpar ¢esiiere hapced?eresPdhds to
t Bet ohot aba BNPURL «0fi hi ghtnd¢ amp ngtiﬂg'§@uéﬂ£%i? d?ﬁg from

nol ecul es that 15 reached the photodetectors 1
ptH€e8§8BFCT10 may then use the final result to
cal cul ate the concentration of the analyte and cause

t HQOABEr i ntrer¥taPe 8941 PEOHRSSITay 14 oafakns from

r R6Es8EtL Mt A sConesphERLd PN 3R hhAY {he PALIEILCAR the
read, it. 20 [0046] Advantageously, reader 701 may

i AEPHERE al 5Thit 1 Iph&teBet &et giroreasopy’ i hdaidinmgnes, based

phat edet 8¢t Ofimakkdnl Bpthened e £0404t N, d1gpderR L IRY
nmoni tor the amount of ambient |ight. Further, the

pr-BEBRELFY c2h We prbgrarmElEhito isuspat thatariti g dékehp the
pathept Wilihﬁm@%@”QBlet@nﬁhﬁﬁhoh'?P&pejgﬁde%%gtggamgle,

photodetector 714 is above a pre-determn
t REeshdrer Edt mayapprermite twietbarpthe ofnfmmstiddedctbe

71fnieMbi ChyHray bgrERaPUL %HHH}S%%QCﬁ§§9£eggé%%ﬁ§adEﬁ?ggﬁold.
that there "is a relatively high anount of anbient
|ﬂ§h§?ep$Qﬁgﬁﬁg§y ?fothe 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,

[0049] 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

otherwise activate the sensor.

[0051] In step 810, processor 710 obtains data from the
sensor. For example, as discussed above, the data received

from the sensor may include data corresponding to the output
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light. The patient can then take the appropriate
action. For exanple, the patient can nove to an
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pbecessdrty e tsrodeedsh¢ ccast@mt880iont heriss@nalyte being
p%ggfggl%d7 th%r %gggg§_to step 808. [0049] In step

890, or 71

proces I'SSues a warning to the user. For

e ., prgcessar 730 I SRI 3y ,a e N ser
A R R R e R C R
25e§@@g¢nmﬂgqnﬂﬁngnthbigmnlyte 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 optical 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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[0050] In step 808, processor 710 activates the

sensor. For exanple, processor 710 may w rel essly
w@eaniogsipower to the sensor, send an acti vatPORUS2004/011392

signal to the sensor, or otherw se activate the

sensor. 30 [0051] In step 810, processor 710 obtains

d f e_sensor. For .ex | as. di usse ,
CBLBALLOT 58RI e (o ATRLE o 804 E SRIEE Aiaino o
dataicorospordiwhgnt bhé hendiutgietr mPbekele Nare2232- 203a

13. WO 2004/.092713 PCI/ US200 1139 of phaqt.odet.ect ors
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copr elspdngt ndret ambhet ovf puibiehtphatbteteoitars; 2@ when

i gh ource 118 is, off. Sensor . 110 i rel essl
5 PR ERHEE dat auia Tate Vor o716 kohnl T (TRGHOE 1L not
pbevaldes tdherdatidet @nSa@nflﬂﬁsa&Sﬁéaa_{iﬂg: [ngsZZ]dhd RMSLAP of
812 . : 710 sses t ecel vey ata to .
P hERC SRR £ aPRBDS FFS ShersReF €S0k tn it that it is
cotkety | thd esetrsort hele nst nat abde suchranhicenin kicghtdte
dt | cul ate the caoncentration of e
SREPSTIIbATITg ThonBA Tor Lo By EAa. Conkbrt i exdprise the
10 aprdtssussedtcaldgvep spepcEssor 710 may subtract the

data corresponding to the output of photodetectors
120098EN | ightstepupee, lik@fdsnaafibn tnohedtiengdathat there is

corresponding t he, out put_ of photodetectors 120
WRBR TR e 11801 £ O o Br ORhcE” & reLiiT FRATST -
cantdb deewsed,t ahdepesar e ndye eaancenpratdedn baickt Be step

agﬁkyte being nonitored by the sensor. [0053] In step
8147 "processor 710 causes information or a nessage

r | ng t.he anal bei ng. sensed b he sensor to
15 bigg$2LIayéglfgephéBSSefﬁegﬂgﬁé?'théoi?ﬁ%ﬁﬁfaﬁfgn or
nme3sagenat2y iforbabedton dimeintesidl tipe otkiced i50 sttep0oo
812 %0054 I.n addition to pr.oviding i.npr Veg
OBt EAPCSUIEdr  G88i GRHNe ‘an FBV%@QTJ: er L9 fgsource
pLeé8endy i enttiiontplio¥odes)0 milliseconds to illuminate the
indicator molecules. In one embodiment, the light source is
20 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
25 new signal, which new signal should better correspond to the
concentration of the analyte than the signal read in step 904
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 910),
30 the new signal is transmitted to an external reader. After

step 910, the process may proceed back to step 901.
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gng g?PIM%'culeéos the indicator nolecules are

ate b unt__of _ti e..q. ..50 0
BHgln'?I | i gle%%rtgg) %Eof exanpl 6 esﬁog lrgg 9%13,thteh8ur°puts
nghduse)dlrlqe phbmdﬁaycb@radtzaaataed ﬂ@@b Mmile light source

Whhbl§§0§£Q§ té%é gh#gkqﬁtéﬁfgg%dernQbfatOfnrgg eCHBS% reader
In"one e e t source 1S
701 receives the data. The data may include a reading from
photodetector 120a and a reading from photodetector 120D,
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.

[0062] 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 701l. 1In step 1014, reader 701 receives
the data. 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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20 activated using about a 2 mllianp drive current.
Next, while the indicator nolecules are illum nated,

wo b@4edgmal produced by a photodetector 120 iBCT/ESH04/011392

10

15

20

(step 904). [00581 Next (step 908), the signal
obtained in step 901 is subtracted fromthe signal

0 I,ned. t ta.p A 5 . Si gnal
ey AR RSs) By bAPPUERS e s B
cohosntebedlorr df2ehdyanhé yteadiman firbe shghedetreagohyd n20b.

step a the-signal, read in_step 904 incluydes
noIt?l Sﬁ% %(E‘Eé:’ fkf%hdte@e%ﬁ?tg@%ﬁza%%%etﬁﬁdus%g %‘? oriScdreg the
bdtiraksvatie tanybeatin ki ghsulthathaltasanebaeheskd e determine
p 0 . Next (step.9 Q.the new si [
tlr%gltﬁsrghg{l?éé%@{aotlﬁ’ Skt g%ﬁa?na;llg’)éd er - APt &Pt ?lé%dqg’fo,tie

t lsenproceskn meempridCéedrbadkr t1M1stdepprd8ls Dofdketa thion

2 - . 004/.092713 PCT/ US2004/ 01139 0059]
e A e R

i slisphagone wrbedirepntsenping edsode266mimyd hadteentration) .
software, hardware or a conbination of both for

pdPPEf N ng Aloimugh beeaktepsicaicrpbedesso@xedaire

e or, j.ncl ude, an a i.catiagn
oy e L BB R 5 R p e T (USRS TenapoTE dasi g e tood
t dycaneyslutlaghenorthpoeet ofhdthetstlepst ofomprat esse 386ps

[ ] Q.. £l hart jllustrating, another
p?’%ggsg ]lloc%%]paecgc%Fgﬁeﬁggiq/o%%% & e&dfﬁ%ﬁ?’ of ’hgf%rt%emore’

| serAt soeps IxPhrecessti@@Oamhyadidginnah steps HR2J.

where |ight source 118 is turned on for about x

arf80AB] of tihd o @agipubOempodi@@ntsi/ivhi s@comus)of Ebe present
e L e 0 | ght. . soutrce_. 11 b
acroar e sV B ettt e hat S e oHferstooa
i fdptatioey o vec Wees. pt&s¢0OH] oyl wast ep dOdgledatrdy, and not

Cor, [ ng th ut put praduced b

pgg%ggggg(%{ or sTth Oa%g%dﬁg%%thv\ﬁrﬁ%e *Fright gfs ot &TeEE8"

i $ngantsont rerrsmict hed be rwaiderd BRlaninostigp HMGe-described
r%@Qﬁﬁlary embodiments, but should be defined only in

accordance with the following claims and their equivalents.
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701 receives the data. The data may include a reading
from photodetector 120a and a readi ng from

w@botoestect or 120b, 20 which is referred to aBCT/082004/011392
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ref erence photodetector. In step 1008, reader 701
processes the received data to produce a first val ue.
Fomaexappteaiddie iwal ue may be produced by dividing
t he readi ng from phot odetector 120a by the reading
from phot odet ector 120b. 25 [0062] Next, |ight source

118 i s1t ur nedndtfifod( $bepcd; sat'?&cgéﬁg?@%t dat3 e tnat

corresponding to the outputs pro
pHE¥odBR et DrhotrgtaAHOL 28s e lod Bhghptsoalr cenbb8 having

Ofihali 8at bf aftsTEhtiIRg, t ohSRALI,701. I N step 1014,
reader /701 receives the data.” The data may include a

r eadi n§lWBHiHEC0dBE et RGicBO 1 20dcantien, rdadichy froming

phatodet ecisr 129010063 éﬁétﬁgh 016, reader 701
processes the received data to produce a second

val ue. 9P rEbiEmgl Ehet feowrie orfd LiBbtkeeadoin® 232 203 16

8004¢ 082713 KCTLKS2004/,01:139 & e indi
g%%duced by di;yding tgéaﬁgﬁ'%hénf¥%h$‘gﬁ%?&zéiéggéFator
1204°6YL theé T ddilHE L ha bl pHotcawbede berfl20ng the stmpof the

1948unt eddelmpiQL+S C t d ue, fromthe
fLrs?nvaIuerﬁ%gﬁgtg?ﬁﬁg %2%&?% ?Eg?gcgﬁﬁﬁgxhgggmtgne
dePet A Her saliseudencer ¢latidorhef phhtodeiad gttcer ;bei ng

noni t og&s Hyy Hﬁ@um§§§§£ﬁg dHd i%ggcéggpﬁngfgaﬁi% (01

di splays information concerning the concen ration of

t he amxff§r%e qea@sgng iilundirsyliags the vahdicatepr eseptibgs,

t her et B1HN QA CONGENL rat | Al though the
above degbﬁ?beg proces§g21§'etl%gggédé FéeeggggogetGCtor
séytierite Wlerebgpdetérmivhiond dhbeaundet siHethbibyitoDeght

skidbethd nithenarlalhal. i, Lgast some of the steps

need not” be performed in t'he order shown, and,
f urt hedsrmmEinisonehetapsinmy fhéight tdmeit tand faddi thenal

st epsadded.,1L0062L M & varigu .
embodi ment s/ variati ons o eﬁﬁéegré%%ﬁ?KWOdetGCtOl 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.

3. The method of claim 1, wherein the step of
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 is performed by an external
y

t

sensor reader.
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15 invention have been described above, it should be
understood that they have been presented by way of

wex@apdsidnly, and not limtation. Thus, the PCEHHSN4/011392
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and scope of the present invention should not be

limted by any of the above-described exenplary

enbodi nents, but should be defined only in 20

accordance with the following clains and their

equi vakent sThe Dodierd N6. CQ@B@JzowhbTeWﬁ)ﬂmQ4ﬁﬂﬁ22ﬁ3

P

Cgﬁ%gﬁ%g?ﬁ%ﬁ}%%%gé.@?g%tb %ﬁgdq?%s %om rlses ag%lva g a

pRoubdeseerer- system of an opt|cal sensor haV|ng 5

i ndi cator nol ecul es, conprising: illumnating the

i ndi cat or nDIecuIes, t hereby causing the indicator

nol ecubes tThemethiodght; cteterdyi mheget hetlmaitdp off

| Lght [ t! p odet ect ar. system at 0i.n n

tia%amﬁgﬁ? h{e}%l ng%élé:t ggl 10 rERres arev it n&ﬁ%‘!t

t hereby detlerabautng tmhélsarpofoft kerranmbunt of anbi ent

light and the light emtted fromthe indicator

nol ecul es reachi ng the phot odetector; ceasing

i11Tum fati rMhd hetihodi oat @lajnmllecwheseinatf}terstc@asifng

il e at or ecule determ nin
éEg%%%%%{‘ gﬁg aﬁP%Pga% lgf & “pho %E%eY OIS ERTOT

thenebytﬂeQ%rqhﬁalmgnUh& st dmkpanbf36m tHeghthotodetector

rg@gpgﬁg t he photodetector; and determ ning the anount

0 ght emtted fromthe indicator nolecul es that

reached the photodetector systen1by 20 subtracting

t he seg ond det ermi.ned_anount of ght e fi

deternlnedzgnogh OFlc?Wpleatfﬁg 28 :6?1cﬁég t1that

fmayheeachnqnphyt@@etECa@srnﬁdﬂemgoslgﬁa¢§ti¢amas%a@5@rhav1ng

reader. wher %_Cugach Si nahs 25 contains information

corresponding X0 an’ ot Pt of % he

(a) 1llum1nat1ng the indicator molecules;

(b) capturing a first signal output from the
photodetector system, wherein said first signal is a function
of the intensity of the light striking a photosensitive
surface or surfaces of the photodetector system;

(c) after performing step (b) and while the indicator
molecules are not being illuminated, capturing a second
signal output from the photodetector system, wherein said
second signal is a function of the intensity of the light
striking a photosensitive surface or surfaces of the
photodetector system; and

(d) generating a third signal, wherein the third signal

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.
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phot odet ect or system 3. The nethod of claim1,
wherein the step of determ ning the anount of [|ight

wepiotpefif rom t he i ndi cator 30 npl ecul es t hat P BEHSIVE4011392
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t he phot odetector system by subtracting the second

determ ned anount of light fromthe first determ ned

anount of light is perforned by an external sensor

reader. Docket No. 2232-203 18 WD 2004/ 092713

PCT/USQOO4H®b1ﬁQEhod off hel anet Bedwbérelmithel senBerer8ader
heensta |IIH atln t he i ndi cator nol ecul es
np??ses agk 5a%| :tht source. 5 5. The net hod

of claim4, wherein the step of actlvatlng the |ight

source, €O ises drivinp g the | sour with a out

2o |G ies: Setppnel S TrigbRet oA ek
m@em@&atiﬂget&bephmfd @Eﬁnﬁmndepglbee sunnﬂﬁcuﬂhgltgatsecond
reachlfgﬁ% ho%odetectorl‘consists of obtaining a

sPghat odet ector system 15 7. A
nethod for conpensatlng for anbient light that may

havi ngt | narGab BBl LT ELR donBhrSrHy: Ceap cob of

| b uemhedding the indicstar mmleeamésScom;(ﬁ)see;aabuﬁvagmg a
V\);Hrst si gnal output fromthe 20 photodetector system

EPRY PEH S first signal is a function of the
intensity of the light striking a photosensitive

surface or rfac s of _t he phot odet ect or stem )
after Terf o g?%pof %E %&hl FRSTE | ﬁﬁ% €§F8rg%
ﬁﬁb’eﬁtﬁdﬁlfngﬁﬁ:ﬂhenmtgbel Heuidd wasmgateés €BiptiHg RGedlight

second. 25 5! anal, oyt py, [Lom e phot odetector system

13. An optical sensor, comprising:

indicator molecules;

a photodetector;

a light source for illuminating the indicator molecules;

means for determining the amount of light reaching the
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

photodetector.
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second signal is a function of the intensity of the
light striking a photosensitive surface or surfaces

wo@oohe271phot odet ect or systeny and (d) gener at P@IyUS2004/011392
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third signal, wherein the third signal 30 is a
function of the first and second signal. 8. The nethod

of claj 517'Tﬁé”%ﬂl goggﬂégérg% transTBtt%%éﬁt%%gc%hgnglng

and second si 6 a sensor T eager
2E@anOSOlngMBﬁmmhdhcgﬂﬁaSamaﬁﬁﬂlazomégﬂﬂléﬁﬁitéﬁ fIb& the

gerera? 6e (hEl Mt "SREE fed 0o TR b ER G e o ai m

7, wherein the step of generating the third signa

bt racting th d, signal f th
Fire Sgnal TFCIFAG RETHOA Of COPALT! WG kg means

stfep détéfmlmingﬂﬂMatamgumhemﬁmd@mat@miﬂﬁé@cﬁkﬁSthe
actlvatlng light s ce.. 1 The neth

oL ERE8n BN By A e SO b Eet i aing. FogRE: oS

SOEeRDE cmum@ﬁhgi tige tirﬁ:dﬂog%teiﬁlﬁéwraﬁﬁpdmtt Bf 1ight

a m nps. . of current. tical sensor,
c%%%% é?% % é% CESEBFIRDI BRHE OfATbﬁgYodetector 20

a light source for |IIun1nat|ng t he i ndi cator

nol ecul es; ..nean det erm ni ng the nt _of ht
reachlng t he'® Shots Et%%?cﬁr gﬁ&ﬁn%§1n %ﬁﬁﬂ?rWﬁQ prising
thetradsmzﬂtﬂrlﬁdrecthSmlﬁﬂxhgId wibnat eto by ddiolri gBhder,

T T

|mdghatﬁéaﬂﬂh&p&MESphea&hﬁﬂgﬁkhea@hltﬁdﬁﬁ@Qhﬂ&améndhen the
et.er m_ni n%Ft e anmpunt of reachlng t he

AR IR Rkt i SRR (L Vi

nol ecul es
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, said

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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are not being illum nated by the Iight source, thereby
determ ning the anount of anbient |ight reaching the

w@oophex7adiet ect or . Docket No. 2232-203 20 WO PCT/US2004/011392
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2004/ 092713 PCT/ US2004/ 011392 14. The optical sensor
of claim 13, further conprising neans for determ ning

the ampunt .of Jiahtieuitisd (.t e, i ndi cat or

mol ecul es t reache e phot detec 5 15. The
opt i caltn@.m@r ofolelcailasd4, wherein said means for

det er ninj Itp(gt mgn%gggew ght emtted fromthe

i ndi cato ecul es t r €ached t he phot odet ect or
conpr i Qelslgmeem)slrfc@r fsubilhmzlmgltlbetsecmmh@bem&r mohedules;

anmount e_first determ ned

li ght. m‘% ﬂl}{r E)[t%tg}L %g s%lnrssécr Sgﬁggc ao?ﬁc rofnt %?

c@hpltpgqah@ctcaf tay&rwm thike fidre timalnsm:bti m:g}@c:lﬂjegsnah:et tn a
ﬁg§8£cé§@ q%te, ﬁrgépnt a Eg hcont

ns _
or nation about 't he anoun Pght 17 8hechihg frgction of
phbﬁO@Et@@iIﬂYéﬂf &hpOﬂmghtrsﬁnﬂhim@henphheoséﬁbitive surface

i ndi Les are jllu natedb he.li ght
s%gr ggI:P%%é? efc%h% % Océ;(_:(;r}escororofs cI Tf%d further
conpr | Beags ﬁream:@pfcmrlagtavsaetddngl Bhgnhlgdmﬁtmﬂ:ur‘fﬂ:@mbyhe

ht our ¢ thaout2m|ia s of
?}réléﬁ% E%St f%% ‘lsﬁeefcﬁo {ll gar%hseer%%%cg 1AM Cfgf%s are not
V\heneg nitheninedrs!, beEreIem esraniimisegohhesﬂ@mmtlsofa lfugbtion

reac 0. hot d cQ ses ne
ob ?amﬁgnllg%e%ss ‘grial’ & %{“puftlgl?tr osmrtl lngh%t%ﬂr@@eti cetngrltlﬁg
19ur3t’heeoqmt ioalfasensof tfie gitaitodeBectort iestemanpri si ng
a housing for housing said determ ning neans, said
phot odet ector and said |ight source.
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.
25. The optical sensor of claim 21, further comprising

a housing for housing said determining means, said

photodetector and said light source.
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30 20. The optical sensor of claim 19, wherein the
i ndi cat or nol ecul es are di sposed on an outer surface

w@boolg271housi ng. Docket No. 2232-203 21 WO 20RaT/0SQF4611392
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PCT/ US2004/ 011392 21. An optical sensor, conprising:
i ndi cat or nol ecul es; a phot odet ect or system a l ight

source, f or II nat the i ndi at or cul_es;
nmeans %%r cfaptuglcng 3! % so:%gn% %p(ut oMt ﬁh ‘
phnﬁndeeﬂ;cezchmles;a%enammnesgdsedr ndi erat@xtermlsemrmaes af eche
Q fluorescent state, wherein said first signal is
?uncl%?on of the intensity of the light striking a
phot osensi ti ve surface or surfaces of the

phot odgt ect and 10 ea s.fo .
secondgsl gn )é TomThe ﬁﬂg%%d%jt egntodrlrﬁlseffsf;@rﬁ?rlsmg
whebes t her |aruijmratmngnﬂh@dulge& aberuetby b&iingng the light

i 1L um nat dsecodS| is a function

of RS P ah B of "ERELTER OB PREPRE 2

phot osens|t|ve surface or surfaces of the

phot od%aector system 15 22. The optical sensor of
claim Fureh PrCoﬁ%PEf]sjlsr%él ‘means for generating a
third sitgnadingeherei n the thi rd sr gnal is a function

of the first .and second si 3.. The o

Sensor? oL RH o3 E G E1 P b ok BTG BanGr g FAguLE
t beatdi g miggrahotenpréses] meahs ﬁbfou@kukﬁrfcafdtelfﬁlglhbea

econd nal fromthe first 24. The optical
SERSBR oSS TR S1EOP A il rg g cwe poazd €8

t bapsomt derfdcer offr ansrrd:iﬁmng nolaerﬁr,rst and second
S|gnal to a sSensor. rea

ol a'm 3 L9t FBF - BT SR Ota HBGE PGS dineh SUg e Surace

safdtdeterfﬂdﬂtngaoaeansthéaﬁd 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.

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.
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nol ecul es are di sposed on an outer surface of the

housing. 5 27. The optical sensor of claim 21, further
conprising neans for activating the |ight source by

driving the light source with about 2 mllianps of

curr eng3 28then seasesr of cohpint silngfurthen m@ﬂﬁg‘ngaa second

C'oEv%HbElb]@ﬂ&m%%%@s%tmgsé %shgrl:ﬂ%hngh the def%l ity

board having a hole create ere throug an ning
afipassageway froma top surface of the circuit board

to a bottomsurface of the circuit board; 15 at | east
one” phot odet ector nounted to the botton1surface of

the ci Peui tThroaredsorhefatldsasi3, ombephbtn odet estaond optical

havhpg,a; 514 gty $89sLLI ve surface, said Iight
sensitive surface being positioned so that |ight

traveling through said passageway can strike said

| i ght §§n3|’fﬂ V%e?xlé%&a‘c;? %@118928 Tl%ﬁrﬁgé]?oé?rggdt %Ir% a light

28, wherein the circurt board i's constru

maPeircal meyrtedddes thet top opagamice offr e ¢ightit 26a230.

The sensor of claim 28, wherein the circuit board
conprises ferrite. 31. The sensor of claim28, further
conpri 8png e sepspcabifelain 28whéuetheatc¢m§§ﬂsﬂmg a light

PRRELRM, fmasaaerqaquag%seé%f" nlcs tgg reog%vs“mh{mg one

sai d passageway 2" ensdr S or el &
t be vptré¢ caldds lafesaifisat heapt passphotodstector.

37. The sensor of claim 36, wherein the light blocking

material comprises a black epoxy.

38. The sensor of claim 28, further comprising a
plurality of indicator molecules mounted on an outer surface

of the housing.

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

disposed on the outer surface of the housing.

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

layer is highly porous.
41. The sensor of claim 38, further comprising a light

source housed within said housing for illuminating the

indicator molecules.
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with the first optical filter. 5 34. The sensor of
claim 33, wherein the second optical filter is a NIR

filter,. 35.,The sensor. of cla 2 furt £0 r sin .
a 1igh?: 10780t min éalToh?Leﬁkgﬁlgu?ggc TG (rTee s
cidwiitidd baakHe 86 stheasensortind «lmiuht28patdrt her
conprising a light blocking material disposed to

prevent light fromstriking one or nore sides of said
at | east. omﬁeph@m@ﬁekﬁcbmalmlél32&nﬁﬁ@rsenﬁpflsﬁn§iain1

36, wherein the | i ght, bIoc% ? nat er.i al ?pﬁlsesh

bl ack "EgaRy fo5g°2 iP8n8oF 1BF C i A8t PH Bpm the at
Qﬂﬂﬂﬁjgmﬁgpaogadéﬁéﬂﬁﬂﬁ twnioé tnﬁliﬁﬂﬂmatﬁmlﬁﬁhéeﬁles are in
nmount ed on anp outer face t using

DS 2laRl KA, TBtR shle | Prtorae i PR et ion

&Bﬁdwtl@ftgﬁalw:] &if it pabyaest Bt d @yletokémlﬂﬁre

25 di sposed on _the o su ce of the_h

R G RREr o oo T aF ol St he I ETNEr CRRes o and

LayeL1ﬂéénﬂiQBEYCﬁﬁﬁdhﬁhg 30sétondhei@ensontphit cFaonm 38 at
urther conprisin source housed within said

AR oo PhrF pinte g Shie OHL S S Pl B S e not
Docie iNQumdB3Be@P3rrdA- M 2004/ H92HIB signal is a function
PCT/ US2004/ 011392 42. The_ sensor. of claim 41, wherein

the tigHetesarEd 75 thfodntBd Shrifdd ﬁopélaFPa%%s t'fl‘f@he

Céi£tHde RRALHArfaces of the at least one photodetector.

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

function of the first and second signal.

45. The sensor of claim 44, wherein the means for
generating the third signal comprises means for subtracting

the second signal from the first signal.

46. The sensor of claim 43, further comprising a
transmitter for transmitting the first and second signal to a

sensor reader.
47. The sensor of claim 43, further comprising means
for activating a light source by driving the light source

with about 2 milliamps of current.

48. A sensor, comprising:

a housing;
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nmeans for capturing a first signal output fromthe at
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are in a fluorescent state, wherein said first signa
is a function of the intensity of the |light striking

a photos nS|t|ve surface or, surfaces, of .t | east
e pHorBHRIS GiTcahh At e e ob it dhD GRS IRG:
secondaisi gt Mbpphoféd@ﬁddwratnouhéaﬁtom%e circuit board;

phot odet ect while the i t,or | ecul es are not
et ng 110t BaConhBrath e d S BRR O g s
funct i @ncrofsntife eirnhenséd Wwiakhihhehki gaﬁs;&tgw kindg a

phot osensjtive surface or surfaces he at Ieast

one phdtRUEFECr OF157%4C2 e S ﬁ§8?eﬁf tIRfSRYen an outer

f yut hgte cOMIHsS HR@sABaNS for generating a third
signal, wherein the third signal is a function of the

first and second signal. 20 45. The sensor of claim

44 wheg ei T B3RS of 0f1a gL nar, atrhege thecHdidid csii @nabard
onpri ses. neans for subtractin t he second ihgpal

fPBFn THeC ks r%etfjéﬁl&ﬁala PABSAIFHEYs ERSBr 2 of OR | HiTho48, °F the

f Ui bBelt COPH¥d HN@ Bo2boh ransmdet e £Be &1a08M tokRg.
the first and second signal to a sensor reader. 47.

The sensor of claim43, further conprising neans for

activathng wnhd is@hlscSOUE CEL DM didl, VisRErb e tiPhit S@UEEEone
30 with about 2 mllianps of current. 48. A sensor,

cBRPEPIPFRETOR IfoMOPRESY Dot Kdte KGTtopasuntreomisphe circuit

20044089273 RCH/HS20844 Ogﬂé’&%et@cft@&r hie1:6d rLuiilynipoar d
housed wi thin the hOUSInﬁgﬁQﬁ east one phot odet ect or

nmeaREEEL oh THE G cdREdD sepsitdne Svtiree hedsed
WpbBEPi bhes hWSIHA® 1ight traveling through said passageway

can strike said light sensitive surface.

51. The senscor of claim 50, further comprising an
optical filter, wherein at least a portion of said optical

filter is disposed within said passageway.

52. The sensor of claim 51, wherein the optical filter

is a high pass filter.
53. The sensor of claim 51, further comprising a second
optical filter disposed in series with the first optical

filter.

54. The sensor of claim 53, wherein the second optical

filter is a NIR filter.
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a transmtter housed within the housing; and 5 a
plurality of indicator nol ecul es di sposed on an outer

waetaer1df the housing. 49. The sensor of cl aPer/u82004/011392
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wherein the circuit board has a hole defining a
passageway froma top surface of the 10 circuit board

to a b%.t OIPhSe.l’IrsfeaCSr\(l)\éf tcrh.%i?r{ rﬁ%l,’” th 393{ d'th%O'liyag source 1is
sensor”of clai m 49] erein e’afl ‘Teast one
photuoidet eot ar tiop mroufited dfo thkechottdmarddace of the
circuit board, the at |east one photodetector having

a light 15 sensitive surface, said |light sensitive

sur f ac®s beiThg sposbti ohedlsion #hat fhightr toanpelisngg a light
t hrough sai assagewa n strike, said.ight R
BT PR e P IRl AL B an O RV H i S0 Pl s one
conprosed ngics 2@ eplidcat Fddsttepnewheseodetatctogast a
portion of said optical filter is disposed within

sai d passageway. 52. The sensor of claim51, wherein

t he opticalTHd Iskesori sf actdigh Spasshéiréimrthe?3 158 Bhecking
sen?or.q{ cl aim51, fu%éqgr conprising a second

oBEFehtat i T §CSpBsReTh E&Fes with the first

optical filter. 30 54. The sensor of claim 53,

wher ei second op%%séi filter.is a NLR filter

th .
Docket b, $568%2 HFodPogshisein the indicator
P&E1 S2064/ D] 392 t abhed Thiec IsSensopodfmet ahanSHl lwlgeretiat is
tEe Ii?h% sogﬁfe i% nount ed on atgop surface of the
cFEERPTE DTt P58 ¢he® Selfsst OFf TeFPal Y f ur t her
conprising a light 5 blocking nmaterial disposed to
prevent light fromstriking o or nore sides_of said _.
B ) eatt orisoHenana Bt GHEiBPE. TiEe BRSSP e B
S56ay¥hes eini e ogbtisbl ocki ng

60. The sensor of claim 48, further comprising:

means for capturing a first signal output from the at
least one photodetector while the indicator molecules are in
a fluorescent state, wherein said first signal is a function
of the intensity of the light striking a photosensitive
surface or surfaces of the at least one photodetector; and

means for capturing a second signal output from the at
least one photodetector while the indicator molecules are not
being illuminated, 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.
61. The sensor of claim 60, further comprising means

for generating a third signal, wherein the third signal is a

function of the first and second signal.
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mat eri al conprises a black epoxy. 10 58. The sensor of
claim 48, wherein the indicator nolecules are

weorsaatesl within a polymer matrix |ayer that PGI/US2004/011392
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di sposed on the outer surface of the housing. 15 59.

The sensor of claim58, wherein the polyner matrix

layer 15 highly porous. 80.:,The S%ﬁé%ié’ftﬁ?' HM48e0r

further conprising’  neans for Capturing a FiTst

sggnatatoutputhef tbirttheiatal 20mpeases oneaphdicdetetracting
|le_the indicator._nolecul re.i fl uorescent

\;\tq& e>°§ neOlr es‘llﬁné—’%i 5r?r|ﬂrt§%e sﬁ%ﬁzgl g|lg1[1]aaf‘f unction of the

intensity of the light striking a photosensitive

surfacg, or ,surfaces_of -t at J.east one phot odet.ect or;

and ke FOF CRBPOFI G GLabana SrBoarT BOTHL TRt

t heaatmi 251 dast tanesphot Ddettdet di. rahi ded tdrcdmadiséghal to a

nol I(;(:ulrerseaa e not being illum nated, wherein said

s8CORY" stghal iis a function of the intensity of the

l'ight striking a photosensitive surface or surfaces

of the?%t 6I ast on%rpggtgﬁaeitme%togrfu§9h61. The .sensor

of cla O GrRer conprisi ng 'means e%o?omgperr%esrlgtgi rﬁlge;ans

afbhi adtsvagnalg awhegeinsdlweed hiyr dravgnal the laight source
fung%i on of the first and second signal. Docket No.

2935083097 NG FGdarB8271 FBETFPUS2004/ 011392 62. The

sensor of claim®6l, wherein the neans for generating

t he thi6£d S| gsnal conﬁri ses neans for subtracting the
second®3i grial> Yoy t RE™PT13t%i gnal . 5 63. The sensor
of claam&fsirfgyrther conprising a transmtter for

transrri%tJ'Aenag t he fiésf; (gngl secorﬂ% signal, to sensor
r eader 2t 64T Fh € S REGF BT - XTI M BY >° uWWé”rng%‘r?p R
means allidiy sagirdceahbliged wit@lith shgraeudyndgly i vi ng the
light source | s .
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.

66. The sensor of claim 65, further comprising a
circuit board housed within the housing, wherein the at least

one photodetector is mounted on the circuit board.

67. The sensor of claim 66, wherein the circuit board

is a ferrite circuit board.

68. The sensor of claim 66, 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, and

the photodetector has at least one photosensitive surface
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with about 2 mllianps of current. 65. A sensor,
conprising: a housing; 15 at |east one phot odet ector

whowseek7ed t hi n t he housing; a |ight source hoRGEUS2004/011392
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within the housing; a transmtter housed within the

housi ng; and a plurality of indicator nolecul es

contai ned w.thin olyner. matrix_|layer that i .
d%gsgsé% ?F%ﬁ%%ﬁﬁ:e?es%¥ %C%ggﬁt t387E %n%o%sﬁﬁﬁﬁi said
whesebgevdre qxol yaterikrabaid ligher siessht gid ysuptraeus.

66. The sensor of claim65, further conprising a

circuit board housed within the housing, wherein the

at | eas®. ZBheonenphat odetecinored,s fopuhéedecaptiEng an
circuit bpard. 67. The sensor qf claim 66, erej n the
CPPEQPT! boar T 4P5TPaP Tt el iT e i POBORPH, ©5G8 OFfacal
seénseerofs cddiaposea, wwhertei smidieasisbhgawhyboard has a

hol e defining a passageway froma top surface of the
circuit board to a bottom surface of the circuit
boar d, 7and THhe«plzotrodet ecdDf dgs wakrbeasth®ngtical filter
phot osensi tive surface Docket No. 2232-203 28 WO
2654?05?%1§“5§WF%§§564/011392 that is positioned so

that light traveling through said passageway can
strike_said _|ight sensitive surface. 69. The sensor of
ClaimBh: {1 FERCEmBEi SIT di7 -5 IO Reh CHRTGRAg 2 second
waeretal atilwastdiappecti on ©frisal diopt tkal £ifdd tprikcal

di_ sposed within said passageway. 70. The sensor of
cﬁégﬁ?ég, wherein the optical filter is a high pass
filter. 10 71. The sensor of claim®69, further

compri 9ing. A second, oRtLEAl 1! Ll RO S SE L8 can

filter is a NIR filter.

73. The sensor of claim 68, wherein the light source is
mounted on the top surface of the circuit board and the at
least one photodetector is mounted on the bottom surface of

the circuit board.

74. The sensor of claim 65, further comprising a light
blocking material disposed to prevent light from striking one

or more sides of said at least one photodetector.

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

material comprises a black epoxy. -

76. The sensor of claim 65, further comprising:
means for capturing a first signal output from the at
least one photodetector while the indicator molecules are in

a fluorescent state, wherein said first signal is a function
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filter. 15 72. The sensor of claim 71, wherein the
second optical filter is a NNRfilter. 73. The sensor

w@hoogloga7ms 68, wherein the |ight source is nouUPCBEUSIING/011392
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the top surface of the circuit board and the at 20
| east one phot odet ector is nmounted on the bottom

A h rd. .74, . Th f el
87 PIF Here Ot P8 BG® o i S B0 hof Mt G oo

dlsspﬁseel ¢10 preefaert biEghihe fatOMestii bnegphmeadeéﬂizdabr, and

nore si deg,so sai.d at .| east one phot odet ect or

sensor "ot T E e FUARY ef nseﬁﬁ)éldi SyHPabI GLHEH tgfrom TR o
rr&bestad:neé:qrmrtjo@le$eatbi:amklm)®hyé i80id&tod helsenges afe not
a|m65 further, copprising:, , means for capturing a _,
¢ bR O b PPBE Rt i TeRBRe STt Y W ulletion
pbﬁit oHet Btidars Wy lo& the li@iiﬂ?&ltﬂ'ﬁ.kﬁrﬁbe@L@ﬂ&Stc&r@slllﬂlva
fl uorescent st e rein said first si naI
O ERER Cbsi b 0505t 3 Se ho b o Dg e ctor
PCT/ US2004/ 011392 of the intensity of the Ilght
stri klz? a photosensitive surface or. surfaces of the

at |ea SDISESEL 8EL OF2 A/ ne BhE  FHr C TP Agmgans

SeeﬂndeﬁéﬁﬁﬁﬂngO@tmﬁﬁrﬁr§ﬂ@ﬂdma alherk€ASth®ONEhird signal is a
got odet ector. _whil e the indicator nolecules are not 5

b&MAGET T UM e d tRRe?RY Pand $68BAU- signal is a

function of the intensity of the light striking a
phot os surface or surfaces of the at | east

sitive
one phsz%]odéqheectsﬁpsoﬁogfﬁ]eajé‘éﬂéorWBFr%’r%lfrﬁemneaFﬁr fREr

C@ﬁﬁét&tﬂg;ﬁﬁﬁﬂ&hlia EQ@nQ@ﬂﬁh@&h@.saméihé(Edﬁ @@@Eractlng
wherein the third SI nal is a function of the first
anBesBeOMf SigRat. T¥8m Tie Tdiwdosigratt ai m 76, wherein
the neans for generating the third signal conprises

means for subtracting 15 the second signal fromthe
first g?gnéie sensor of claim 76, further comprising a

transmitter for transmitting the first and second signal to a

sensor reader.

80. The sensor of claim 76, further comprising means
for activating a light source by driving the light source

with about 2 milliamps of current.

81. A sensor reader, comprising:

a receiver for receiving a wireless signal transmitted
from a sensor;

a user interface for displaying information to a user of
the sensor reader, wherein the information is related to
information contained within said wireless signal} and

a photodetector for detecting the intensity of ambient
light.
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79. The sensor of claim 76, further conprising a
transmtter for transmtting the first and second

waee@nad27td a sensor reader. 20 80. The sensorP@f/Us1084/0m1392
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76, further conprising neans for activating a |ight
source by driving the light source wth about 2

m "'?&P? 9&m§%%&§82-r dég“ofAcng%oélfe Her com rifing a
conprising: a recelrver or recerving a wreless S|8na
t hansim¢ t 8ok Housrimg Seasorcelaeusensent erfeacdeond

di ing.nformation to a user of the sensor
rggglé?%(e%?eﬁ'n the information is related to 30

i nformati on contained within said wireless signal; and

a photgdetector. for detecting the.intensity.of anbient,
i ght . Q%bcﬁlg}e RE"5535° 5% 35 \%Eaiﬁo% pgFFger comprising
PER/ &S2004 /W01 E39Pan8?. wHédree isenser hbeadey of sttaiche8lio the
further conpri si ng a housi ng for housing the receiver,

user 3itht & acéjaélnd phot odetector. 5 83. The sensor

reader of claim82, further conprising an opaque

wWri st nd,.wherei n_the housi i.s_attached.to the . |
opaqueg%’i s%haogr?&soﬁfe#eer soéﬂg&lalpe%%@rp%l?dc%elraicﬁfngf}Slng a
f prbhesseonpr icvimagnacalloproicdssae kaceorrnigtattiodtector

with the recei ver, phot odet ector and user interface.
881 THR® 5 eHs S "F&ader of claim 84, wherein the
processor is programmed to receive fromthe

phot odggect r 15 data co%ﬁ[es on in% ég t he inteniiFty

of sai anbr‘lr"f’eentsepisﬁﬁtr%% T fafthel *pr & o

| padeeagoalief orivgrufmedses ddcetife rdataciedryesparRdeBgor

t8a£Qecé£¥é¥E%H&§ngftga{ﬁkEﬁn'é%@ﬁt&'gPtsaid ambient light and
is further programmed to issue an alert to the user if the
data corresponding to the intensity of said ambient light
indicates that the intensity is greater than a pre-—determined

threshold.

86. The sensor reader of claim 84, wherein the
processor is programmed to (a)} receive from the photodetector
data corresponding to the intensity of said ambient light,

(b) receive from the receiver data transmitted from the
sensor, (c) compute a value that is based on the data
received from the photodetector and the data received from
the receiver; and (d) display the value on the user

interface.
87. In a sensor reader having a photodetector, a

receiver for receiving a signal from an optical sensor, and a

user interface for receiving input from a user of the sensor
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indicates that the intensity is greater than a
pre-determ ned threshold. 20 86. The sensor reader of

W@Lb@uvB43 wherein the processor is progranmepCT/US108/011392
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receive fromthe photodetector data corresponding to
the intensity of said anbi ent light, (b) receive from

tgga&§5%5¥§rcggb? %SEEOH1EQG fg%ﬁg%lon mgthod
conpute a va ﬁ ase ata received
fpomptimlrpjtot odet ector and t he data recei ved from t he

recel veri AN L SpLAY NG Yol g o d he ser

|nterface N @ senso rea favin

phot odé¢ tectmoiming whetCkedwerhed dlnteesetw Q) taleslagmalentrbﬂght
an_optical nsor, user terf e|_vi n

i ApU? - FF o }%user 8?6?%%6%%15?& tgf)%%]ﬁg]tcglﬁd& 503"
31 V\l)f@ﬁzbhf@@&?izarﬁﬁﬁ US2004 Qb2392f i‘ea]cherdea@dmﬁoéd that
provi t.ne us Jnforrralon a nmet ho
CERg T el ot A TR ey Pt ook the
Ipghdete:deitxercrnthn:aghmmt:hﬁrertslieyl.nt ensity of the
anbient light 5 is greater than a predeterm ned
threshold intensity; and issuing a warning to the user

if it 8%, dater mienkddt bAtcldike SNt Easther ofontphesan‘gi ent

R0 By F5aeh0R0 105 AoHBLRLASY LGeIRel Cutensiey

CORpthsianpieadt Lvght nPs t hesssensar thé ﬂ)fedes:ed:ﬁh&l'eﬁl BRfeshold
tha%themtensnty of the anmbient light is |less than

t B Prebeler mi ned threshold intensity. 15 89. The

net hod of cl ai m 88, further conprising receiving a

si gnal

Cha ol Ghar TontaEREY] S oy B8« SRaEEHG qaregieTn |

receiving a 51gnal transmltted from the optical sensor,
wherein the signal contains information relating to an

analyte.

90. The method of claim 89, further comprising using
information contained in the signal and the determined
intensity of the ambient light to compute a wvalue relating to

the analyte.

91. The method of claim 89, further comprising
outputting information to the user via the user interface,
wherein the outputted information is a function of the
information contained in the signal received from the optical

sSensor.

92. The method of claim 89, wherein the signal is

transmitted wirelessly.
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anal yte. 20 90. The method of claim89, further
conprising using information contained in the signal

wanw4ndgizletermi ned intensity of the anbi ent PCHOS2000011392
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conpute a value relating to the analyte. 25 91. The
met hod of claim 89, further conprising outputting

inforrrggio to. t ia the.user . interface,
wherei n th;hosuetnp?%?t g%%ﬁ orfation 19 a function of the
i nf or nat plost gtteaitneed in the signal received fromthe

optica r. 2. _The methoed o | ai m 89, ..
Oherorh FRENAAL: 38 Peeo DEdT MIMnaL  EHOL Bl Yo
Neen2882- 203 32 WO 2004/ 092713 PCT/ US2004/ 011392 93.

A sensor_ reader orGQMRrEsing: av@Lhot odeltl,gcf or

, a
recei ver“F o FoCEIY, Rg & signal’ FPom BA- optic4 user of the

sersepr Bealasemd fiverpaceidiorg rteeeiwe ngwi tiplm foremtaon :
user of the sensor reader .and .for Qrgvi di ng .t.he
oxr e ﬁ] O

user. .
Wi th | BFSPHERS N R o PSP AL R T HE TP Enar eyt
of anbineats |ightdetemansnd avheddteer mhai hgterMathien ft hae
intensity. of the anbient light is greater than a
CPRERERE it 12 SERAPRE Aa BReRbER R d TS epgra
| Satiengiay weami ng to the user if it is determned
that the intensi.ty of the anhient [ight is greater
Lhan (TSP Gifd APRRRBE T HFEehed St BRsiiSE T 084 1o The
sensermieatiethanf thkaim&3sitdwrdthehecampiérsi Ng ghfeaBSgreater
f acfjvating.the.sensor in response to the
QEPBRNTAT rif THELRE THBEAr N T Hhy {Ehab “CRE Tt ensi ty of
t he
94. The sensor reader of claim 93, further comprising
means for activating the sensor in response to the
determining means determining that the interisity of the

ambient light 1s less than the predetermined threshold

intensity.

95, The sensor reader of claim 94, wherein, after the
sensor is activated, the receiver receives a signal
transmitted from the optical sensor, wherein the signal

contains information relating to an analyte.

96. The sensor reader of claim 95, further comprising
means for using information contained in the signal and the
determined intensity of the ambient light to compute a value

relating to the analyte.
97. The sensor reader of claim 95, further comprising
means for outputting information to the user via the user

interface, wherein the outputted information is a function of
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ambient light is less than the predeterm ned threshold
intensity. 20 95. The sensor reader of claim 94,

wonbre92713 after the sensor is activated, the PeDES2004/011392

10

receives a signal transmtted fromthe optical
sensor, wherein the signal contains information
atln 1o.an anal The se Sor. rea er
Faf S RE P ORI T e R e by g FxOh the
i npot ot i omseont ai ned in the signal and the
determined intensity of the anbient |light to conpute a
value relating to the analyte. 30 97. The sensor
reader9o®f cital me@Sorfieddes cforRpeisi 0F, weardnf @he signal
out putting infornation o the user via the user
|ﬁFeFJf%%ser%W‘?§r é’llﬁe#ﬁﬁs tputted information is a
function of Docket No. 2232-203 33 WD 2004/092713
PCT/ US2004/ 011392 t he | fornmation conta
G onal 27 ncdFed S TRASEE CAf lBehtort g ThgiErising 2
SBB&@Inc_l’; etaﬂemo@tsmbatm 9 cathenei Ostheisigptalce anis
gmtte VVI rel essly. 99. The sensor reader of claim
Qe et Conprising a housing for housing the
recelver user interface and photodetector. 10 100
The sensor reader of claim99, further conprisin

opaquel Wi St ERASCRNER T tHe ChBHRI AY | ZcRBEPFLSing
t B oPRAMRIG WS bahandvhdXatketc hNOhod2872y 203 a34ached to the

opaque wrist band.
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