~tl~l~ 100 et ~t~t~ et rrer rrrr ~1~ *159159* SYSTEM AND METHOD FOR
ATTENUATI NG THE EFFECT OF AMBIENT LI GHT ON. AN OPTI CAL SENSOR [001] The
present application clains the benefit of U S. 5 Provisional Patent
Application No. 60/462,695, filed April 'mmWHMMﬁmmw CKGROUND OF THE
INVENTION 1. Field of the invention 10 | sent invention relates
to optical sensors, and, nore specifically, “ssa system and net hod for
attenuating the effect of anbient Iight on an optical sensor. 2.

Di scussi on of the Background [003] An optical sensor is a device that may

be used to 156veeheaint hereont fatdveRTlc anranatyie o@eAﬁBdIEN‘}XXQEHT

gl ucose, or other analyte). U SoxPak.oMacab, S5¢sgk64, the I sclosure of
which is incorporated herein by reference, describes an optical sensor.
[004] There may be situations when it is desirable to use 20 an optical
sensor in an &MAIr onnehlte whesent heppd icstion silghms i wanbeasbimntorofy . anbi ent
light (e.gs, : r a r . nn zdeN SO i rcunst ances,
a gignffig%ntﬁgﬁﬁ%ﬁ%gggfé§%%$eﬁ% Jf%ﬁ%°ﬁ§$tnéag?¥%bS?’a?%g%%%PﬁéEaccuracy
of an optical>seé¥¥8r. Accordingly, what is desired are systems 25 and
met hods to attenuate the negative effect of anmbient light on the
functioning of an optical sefSoFCBAIIPOPE t BiEMEN¥EYRIANd conpensat e
quantitatively fo&iggg %ppﬁgngnéégpt. SUMMARY COF THE | NVENTI ON [ 005] The

present invention provides sy3teéns ‘dAd nethods 30 for attenuating the

effect ofyanbisgy 119ty on,Q0LLeA,SENSONS, and. Tor Jasyring and
conpensating quantitativel'y for the anbient [Tght.
and, more specifically, to a system and method for

attenuating the effect of ambient light on an optical sensor.
2. Discussion of the Background

[003] An optical sensor is a device that may be used to
15 detect the concentration of an analyte (e.g., oxygen,

glucose, or other analyte). U.S. Pat. No. 6,33C,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
20  an optical sensor in an environment where there is a
significant amount of ambient light (e.g., the outdoors on a
bright, sunny day). 1In some circumstances, a significant
amount of ambient light may negatively affect the accuracy of
an optical sensor. Accordingly, what is desired are systems
25 and methods to attenuate the negative effect of ambient light
on the functicning 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
30 for attenuating the effect of ambient light on optical

senscrs and for measuring and compensating guantitatively for

the ambient light.

)
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00 rer rreH e rerrr rrH HE rrrlr *000002* [006] In one aspect, the
present invention provides an optical sensor having features that
attenuate the amount of anbient |ight that reaches the optical sensor's
phot odetectors. The features can be used together or 5 separately. For
exanpl e, in sone enbodi nents, the present invention provides an optical
sensor wherein the circuit board that is used to electrically connect the
electrical conponents of the sensor is nmade froman opaque materi al

(e.g., opaque ferrite), as opposed to the conventional 10 al um num oxi de

cerami c circuiibodpar d. ThnosOmBpeBbPHHERESsent Revehoipdeteci s ,of the
optical sensor 1glrc(:a_]m)unt ed to.the bottomside of a circuit board and hol es

are made in tAB €T GO hoRYd o 7 Tihcdet e tndy PR Gie RFRGHAL RE

i ndi cator nok®kidrEs light edat b:heclpémtt@deb@tﬁtdjas?eaéoz[rgm] I 3 anolt he{_ i
ct, the i i 0 rovi des  net hods r. using and inplanting

g;ltoiecal sensggséﬁﬁeceﬁ%\éﬁg% ho g@ ggaé%lﬁeggg?rhg?e Bl"c’e(ge‘boagreﬂ’ FyS® reduce the

ef fect of °anBfemtatslght BIF tehemppei cal sgen swbod [ H98]s,Fahe exargehe, in one

aspect the preseiMeioavgaty s 20 MOMdes. A JPLAOL LNl felydes the

fol lowing steps: illumnating indicator nolecules, therepy causing the

i ndi cat or nol Eeﬁf%sthﬁa efri 5o §Rt S LerSEérat hi mgnphet difsuni eofridailght

reaching a photstis@etosr athed spAESE N mhbdBr MAE AN t HiS: queNAL catian nol ecul es

are illum nat (?d, t her eby det er,m'ﬁrl ng the 25 sumtof t he anmpunt of anbi ent

light and the Tight °§ﬁ1q¥?et?rrrr15 " t%He OPROF TS the| @eesieaEchi ng t he

phot odet eé® or 2l geasimgxidd |asranati agduhe baudiccat of s’r']ﬂ?c{ee@hlh?@i;me%;tts[er (r:];aasi ng
illum nating the indi . Jml ecul.es, determ ning the amount o ig
reachi ng the Eﬁ%tﬂo}g&og%%rfghgr eby” &t érc’?f{ nslerrn’ﬁoghae‘e mounted to the
ottom side of a circuit board and holes are made in the
circuit board to provide a way for light from the indicator

molecules to reach the photodetectors.

15 [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

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



30 amount of anbient 'Light reaching the photodetector; and determ ning

" the amobunt of light emtted fromthe indicator nolecules that reached the
phot odet ector by subtracting the 2 second determ ned anount of |ight from
. the first determ ned amount of light. [009] In another aspect, the present
invention provides an inproved sensor reader and nethod of operating the
sensor 5 reader. For exanple, in one aspect, the present invention

provi des a nethod performed by a sensor reader that includes the steps of:
determining the intensity of anmbient Iight; determ ning whether the

intensity of tseeoadbieanrtrmlhghtariotnt gseatight t Fadh anpr edeterygined; thy eshol d
intensity; angmiO §Uion19 l%ohg warning to the user if it is determned that
the intensity 0 1fhe anBitent | ight is greater than the predeterm ned

threshold integgb{y. [QQ1 above and ot her features and advantages of
the present iqnveinti ongqagl% B 5%8?%«4 rs% FURTUT 8 Fahl BherPat PoRVHAes 15

preferred enbédi HRPEASSf seheopresdnt amy enthoh ofapgedesicr hed sehdat ai l

bel ow wi t hsref.epeoce ta ;hgxﬁppqgr,rp@pyg i ngs, BRI EE DESCRI PTI ON OF
THE DRAW NGS [ 0011 Theoaccorrpanyi ng a\?\ng %}'[5! %ﬁlec s ﬁf:“é%)‘roé’t ed
herein and foPAPPaTeS Gf "EheCE pecrPieas iona $rge IFhader ahet 20cMaldsous

enbodi ments othehetqpesent adtueanhi o @rdintogathes s Wihh ke dgscription,
further serve teQerex.pnI_.%i n thghepri ciples of the invention and to enable a
person ski || ed I Ao tHe "9plPt IHeEnt  ar PP o Sk e arkdeug@o e iLagehtion. In the
drawi ngs, |ikereafer ehee aunerseimiticcatrarésentd cateditdh bHACLIONALl Y
simlar eljgnent i .o ly, .t left-nost .diqgif(s) of a reference
nunber i delﬁti fQi g%r t ﬁlce&l EFagm@éng&éi’eﬁ DJ?/lvhlltcﬁst gée)t?%?lé‘legnﬁléa%l}ﬁﬁe%n’f‘?rfss"ttyappear s.
[0012] FI G 1°8hbhes aabiept i Calhtsénsoreagecottimghbeopaetietermined

threshold intensity.

[C010] The above and other features and advantages of the
present invention, as well as the structure and operation of
15 preferred embodiments of the present invention, are described

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

[0011] The accompanying drawings, which are incorpecrated
herein and form part of the specification, help illustrate

20 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

25 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 cptical sensor according to an

embodiment of the present invention.

30 [0013] FIG. 2 shows an optical sensor according to another

embodiment of the present invention.



enbodi ment of the present invention. 30 [0013] FIG 2 shows an optical
sensor according to another enbodi nent of the present invention. 3 [0014]
FIG 3 shows the top surface of a circuit board according to an enbodi nent
of the present invention. [0015] FIG 4 shows the field of view of a

phot odet ector according to an enbodi nent of the present invention. 5
[0016] FIG 5 shows a sensor that has been inplanted into a patient
according to an enbodi nent of the present invention. [0017] FIG 6 shows a
sensor having outriggers according to an enbodi nent of the present

invention. 10060048] FrGs. % shews whd upet bonal-cbbpck diagramof, a sensor
r eader accordiqu%f an_enbodi nent of the present invention. [0019] FIG 8

p .
is a flow chaft P ast FatFhGROPrEtesst Lt &Frdrhl toeasiedbodi nent of the

present inventj t ha y, e rformed by a.senscr reader. 15 [0020]
FIG 9is a fﬁ%@ﬁ?hart%Fg?J%fga ?ﬁﬁ“ﬁfﬁﬁg%éﬁév?Sf %hat?t BREELTHETRE ef f ect

of anbi ent |ightorsiingeadi ysmprdinaed ofbyhamprepticalnveanser. [0021] FIG 10
is aflowchart illustrating a process performed by a sensor according to
an enbodi ment [&91&lhe 38°i rveRPYDR SBEFAF LER LDESCRITET ONp DR tRdE :RREFERRED

EVBODI MENT [ 8022]i ek Gacdo @St &P Rhb6@ net@NSer t e $6AS05:) 110,
according to an eqpodinent of the present invention, that operates based

on the fluoredCEHte St fl uorescent indicator 25 nol ecul es 116. The sensor
110 i ncl udes fo sor pQ§§ngh%12 sensor, hqusing 112 may be forned froma

suitable, optically transm ssrve oryRet Harari F5- 98 mit 7909%Per 114
coated over Eherewmepilorersurfatke gfreshet sieveokitousi ng 112, with
10 [0018] FIG. 7 shows a functional block diagram of a sensor

reader according to 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 senscr reader.

15 [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

20 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

25 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

30 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



fruorescent indicator nolecules 116 distributed throughout 301;h§ | ayer 114
" (layer 114 can cover all or part of the surface of housing 1 I)a_a
radi ation source 118, e.g. an LED, that 4 emts radiation, IEC u hngator
radi ati on over a range of wavel engths which interact with the indic
nol ecules 116, i.e., in the case of a fluorescence-based sensor, a A
wavel ength whi ch causes the indicator nmolecules 116 to 5 quorespei a a
phot odet ector 120 (e.g. a photodi ode, phototransistor, photorezls ﬁror .
other photodetector) which, in the case of a fluorescence baseI seliG LS
sensitive to qmlﬁeregﬂmaunoh;gtﬁcﬂaﬂhhéexhdmﬁtibﬁ dndi gaLgﬁ%§ﬂgkecu es

20 in response thereto
that a signal e hot tector 1
t h:t is i gon cgta?\?gsﬁﬁ t heglleveﬁrn ¥ I'{IdPeSERNE icRtPRENq lgg ket OF16,

nol ecul es. Twg- ﬁhotﬁﬁéﬂ@c?®$%<ﬂﬂaoahan&staﬂbeéwé%sah@wﬂbéﬂ)IJ lustrate that

2 The i ndi cat or

110 mayavbBayveydIoLEiL QQ ot.odet ect or. [ 00

igPZnges ;Egg gg;coatédhg%uthg 9%%1%§r FAcE l%ﬁ%1§%ﬂéért%ody or they
ai

thli@odd), which

may be con 8% 14i'n anfiet rAbetragesctbr4 12as(showa bi

CO%DFISES a bhec@mmﬁhuét6rpqh&ﬁegegﬁﬁkhxoghﬁh% 8Br$§fr§gt§gcg%gkﬁg g?n
met hods known he art and ated on the sur ns ou | gt
112. Suit abl e bi 6con gFIB?G ﬁﬁFPF%sﬂﬁF€rPaf%df%@Sﬂhrchswmsslbﬁmpebneab eto

t he anal yte, ifhedbxriwesonbighethactyd a;tyeshé e}_rgibcalgigmol%@qlg%/ ]]oegel S Whl ch,

Iectlv erneabl e-- particu
gg;?;tgg??92!¥h?ggﬁsg§r o?ﬁ1s%ne Eﬁf&& EW%fﬁﬁFoéﬁFe%ﬁqr'ﬂ&ﬁdﬂlon 25 [0024]

Sensor 1189 na?eﬁﬁxuﬁbkhyrgﬁiﬁbebniaum@dcatnnobhetheWQ&QQ,o%he sensor may be

t of
d i n lLectr | eads_extend into or ou
Al g R e G MR

t he source Oaand 120b are shown to 1llustrate that sensor 110 may

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 within
matrix layer 114 (as shown in FIG. 1), which comprises a
biocompatible polymer matzix that is prevared according to
methods known in the art and coated on the surface of the
sensor housing 112. Suitable biocompatible matrix materials,
20 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.

25 [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

30 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.



118) or to transmt signals fromthe sensor. Rather, the 30 sensor may

i ncl ude a power source 140 that is wholly enbedded or housed within the
sensor housing 112 and a transmtter 142 that also is entirely enbedded or
housed wi thin the sensor housing 112. 5 [0025] The power source 140 may be
an inductor, as may be the antenna for transmtter 142 as described in

U S Patent No. 6,400,974. The transmtter 142 nmay be configured to
wirelessly transmt data to an external reader (see FIG 7). 5 [0026]

O her sel f-contai ned power sources that can be used include

m crobatteri es[0qz5@zoel Bt bbesr (WMreh 0eN@Et Be in \ighggggr,mgnmggpgesed to
m cro generators; acoustically

mechani cal en h as ultrasonic sound; ) _
(e.g., ult ras%%)aﬁggrl?avzfﬁrgéﬁ%rf’sélll&ltgf Hi7d 2phSR HRFoiPedi éndBiS-s Patdiich can be
10 powered by ¥d.gltt 490 rf7ar B3 . tf{BBRTEt A 18homay ik EbGeidurdi@py of the

el ectro-optical; r.6QEPAN sensor 112, including a processor 166, which
may i nclude el ectroni ¢ ?lr}rggﬁ[?ﬁ ydeaftgr E?:oanr{ For Py, “&Rthy 6i%fefICScohponent s,

source 118 sandidoRansm tdiek r14< - aL8 SECH ed 15 cipcuit board 170.
Gircuit board 17Q provi des communi cat i on %pg%ﬁs ué:tc\?ée%h? &2CoRpotiEit s.

[0028] As fur t{&r 9% |TFEOPAEFias ' FPEezoeleghr bpst i (walichi deraratd34, such as a
hi gh pass or bandapaseehni bkpssedref geabtichs QY dgdn, on ' -Sensitive
surface of a phot detieccrtoor_ 120. 20 Filter (‘:134e pr%vvents or ?&It%&s:?%%ﬂjical |y
reduces the anmount’ of = 1adf At BIP GEndTrHEd°BYL Y HE - Four eEETEEBUAd M i npi ngi ng
on a phot oserHiivewegsswrbaces ofantdhehphwicodet €cdQris}2Qni M Lhepsame tine,

the filterjpal lQws £ uQrescent Jight emtted by fluorescent indicator
nol ecul es 116 p1(:%0 Eass ‘thrgugh(*tnéf%é?l (re‘lg e 25 a photosensitive region of the

g?;ﬁg}or 120. [blak$; SIg@lEh&@ﬂ&hyF&é?qﬁeﬁanQQh§%he'Qlé£¥%JQQBE99§feCtor
components of sensor 112, including a processor 166, which
may include electronic circuitry for controlling, among other
components, scurce 118 and transmitter 142, are secured to a

15 circuit beoard 170. 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.
20 Filter 134 prevents or substantially reduces the amount of
radiation generated by *he source 118 from impinging on a
photosensitive surface of the photodetector 120. At the same
time, the Zilter allows fluorescent light emitted by
fluorescent indicator molecules 116 to pass through to strike
25 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
30 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



that is attributable to incident radiation fromthe source 1}8._[0929]
However, even though filter 134 may significantly 30 reduce "noise N
created by radiation fromsource 118, filter 134 may not significantly
attenuate "noise"” fromanbient |ight sources 198, particularly begarse ;
l'ight that passes 6 through skin has a wavel ength that may not be |nL¢ret
by the filter. That is, filter 134 may not significantly prevent alzben
light 199 fromhitting a photosensitive surface of a _photpdetectornb_ -t
Accordingly, sensor 110 has other 5 features for dealing with the anbien

i 140 418 -H8Lg
li ght. [0030] tF@Pu@xaﬁmhehasLd)suzalenglt}D t@ht SRASAbt iSt
material that sdogs, notypropagat.e stray ght or..is Cfc:zit ed ;/)\,1 th-a ]::I gl sh
that prevents it from propagating st Y ghtt SIFRESLcalusPrryastc )
substrate 1702BR&san igedut®® tfhremammmgla Ofotasbhentidd ghtri@agH ng the

ferrite
hot odet ect or 5nhd&ie de =80, o eMhadi NBN] hatrat Q15 a
(F:)l ?cwt bo rd§170 e\/\/m l e in other % éﬁxén 3 Ssoﬁbsf(? §1a€ P¥B°Fay be a

convent i onal 5??(:%6(5 B8ar e Havonyieh ftihei shbidrat lpokewvents the board from

003 Addi ti onal | in sensor 110 the photodetectors
grzgpa?rg;l Bg mB :%oe]d to[p?ﬁe %ﬁ@é?mﬂ&’%%?r%ﬁ efbernaPrl 700 Thimsdenay be

done by, for exerpiealathechivequeokawpadste fduirBy CHidht ognyggéeoggfe glhis

mmt t odet e tor to the undersi t he board
E?Shgéﬁﬁft gf al l d @tg %gﬁs”q}% Br%t‘f“ G ciﬁo%féaﬁ?g%%@gt epravright- of the

phot odet ect orEh‘PZrO Yous bed riicd @asilsyt reoverad onkt dad zleldgbé blocki-08:

t is
ubst ance1d 040 (B entar HaCke L] Rl OCkI ng _epo A However, i
(S:ontenpl at ed ?hat ﬁgt odpgt ectors ii]r%to Can® B NS R ée(%‘) ort*fhe 11 (ﬁ?’é‘Fde of

circuit boar derﬂ?ﬂ?*“&y%hd/\ﬁs“cﬁaﬁ G7021isLp k@nthScntﬁma ienbeghdrany shown in
FIG 1, in thehgEnbad 6emdr $hBVWAithdhts substrate 170 may be a

conventional circuit board having a finish that prevents the

board from propagating light.

15 [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 “£lip-chip”
mounting. This technique of mounting the photodetectors 120
to the underside of the board 170 permits all light-sensitive

20 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 epcxy). However, it is
contemplated that photodetectors 120 can be mounted on the
topside of circuit board 170, as shown in FIG. 2. Like in

25 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 .20 are
mcunted to the bottom surface of board 170, a hole for each
30 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



FIG 2 all surfaces except the top surface of the photodetector are
covered with |ight blocking substance 104. [0032] In enbodi nents where the
phot odet ectors =20 are nounted to the bottom surface of board 170, a hole
. for each 30 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 nounted to the top surface
371 of board 170. As further 7 shown in FIG 3, two holes 30la and 301b
have been created through board 170, thereby providing a passageway for

light from tﬁeawnndhcatce)r jmlt%ulcﬂ%st 90I£8éh|ai Bbes phatodet ect g .420.  The
r eat ed, for 5 exanple, drilling and

holes in ci rcul ﬁaggargon g)
the Iike. Pr eif era gach ph%?‘?ﬁf Y e BT BF* dll?@ PSPHOSIOEIBNCP S UdREhat its
face is direttdy tbeneracuinaemd toMenilag e helaeh aSe IMwBdtfedtld@s 120. [ 0033]

This techniq LLLC N f entering the ~photodetectors 120 except
fromtheir le;gn%e(J g%ég%h%%uélh%n%t g%@ﬁopz o B5h T e oFe ¥1t€ As further

i|lustrated isxampde, 1dr13éa@lq Aot eehienlike. f Areifeezimipy bechilled with an

optical pass piddougtedddr SOt hat Js,lgmn& 28l Ynleaa g phalodetector 120
by passing through the filter 134. ment i oned apove and

iilustrated H-HECELY1P effehaéh #nd biﬂ"leém'l%mf@éé amtl dlownsige’lGof 1t he

phot odet ect or overed with black |jight blocking epoxy 104.
Addi tional |y, qué%qm ni jrﬁ”zse tﬁﬁv\%lnci”@drfa%ﬂ]e%ttsl GhE™t M PRt iBgc GRef rom part s
on the top seirftacdet87domf heeciapeuittomaard r178ce ankl agko@POXYe My be

d t th f field patt f
he opti iy syarenrepift raf TRPATE alb ey bulieactd Bhelrcl & che |

the optical system t her Xy~ e
filters 134 foicheliehe Photedéeecitor na20ce tHidlebywiprewentpingali ghts| eakage

from propagating .t hgpugh a9l i'lfgf'lto'cgltl &{l%ﬁnrggcl?ya tpm%tggg eac‘:ncl !LZO

by passing through the filter 134.

[0034] As mentioned above and illustrated in FIG. 1, the

15 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 oe used as a potting for all components not within the

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 petween the filters 134 and circuit 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 134D,
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. 1 and 2 make clear, any ambient light that

reaches a photodetector 120 must first pass through the



tol erance between the filters 134 and circuit 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
filter 30 134, but also NIR filter 106. [0036] As FIGS. 1 and 2 make
clear, any anbient light that reaches a photodetector 120 nust first pass
through the 8 matrix 114 containing the indicator nolecules and the filters
before the Iight can strike the top surface of the photodetector 120 and,

t her eby i nt er frerceimi 1ie tdaet@pﬁircgalthesﬂ&ﬁ@étoﬂzﬁﬂ@éﬂﬁeé he JREET X3 1lje4f:sl S
characteri sti %%I cl.ear ing the water content of the

y b s
pol yneri zati on f?égc ot ggt %{’sg %r i b oBtfrSe WAt dieresul ts in a
hi ghl'y porousmnap¢¢bth@teﬁB@hn&ﬁ4:h§%ubﬁ angersirze wotnthe peress1 al ong

th the diff al, t andex t he matri x 14(versus the
\émurroundl nI rr%d?lgjzr)rjf Aclécﬁs(éagu%set antr al |gﬁ% T SEEPE BT g &)’t‘?ﬁer?*t'he

matri x 114.° THYsIBerRasengi §h©e/rﬁé?fe|rccmtenltnoflettkm tpglymeﬁutzta&mjﬁte any anbi ent

light arrivingetEom@n o §xhes Nalp$H ko capsenter the sensor
h085| ng. Accgcr6d| ngly, |§1 sone gr?bo {ﬁﬁgg 0 eCh| ngsé%[ X ‘fﬁhe % rocess

of making the PREAPYT XalFA x| Bakgtigledléo T‘thﬁaitalt‘#e si¥5 pdtitiexpetdswi | | be

hi ghl'y por ous z1pR37]tH-eheexasmi@ntidl SQFe. &MRRAIRBBY Sor m?«tewaéul% s
produced by ( %‘6 orrbl ni nﬁ§400 n,s HEMA wiith 600 nis distil wat er (a

40: 60 ratio), SWHT HG TOTTRRILLE Reddihy O SEL S BT et
per sul f at e0( ABSpttamjugous t5oh utHeompt gind 110. uth:20 s5A% JEMEDLEAGHIRAWS

sol ution and . ( Q| yoer i zin L room tenp rature 30 mnutes to one
hour . ThI)S prggegél%%g [Egr oé%crgla% YR For thﬁa?ﬁ&"‘(“&r Lrothiate gel

natrix) external source pefore 1t can enter the sensor housing.
Accordingly, in some embodiments of the invention, the
process of making the matrix 114 is altered so that the

15 matrix 114 will be highly porous.

[0037] For example, in some embodiments, matrix 114 is
produced by (&) combining 400 mLs HEMA with 600 mLs distilled
water (a 40:60 ratio)}, (b) swirling to mix, (c) adding 50 ulL
10% ammonium persulfate (APS) {(agqueous solution) and 10 ulL

20 50% TEMED (aqueous sclution), 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

25 of a 30:70 gel using 175 ul distilled water + 75 ulL 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

30 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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Pol ymeri zation at higher or |ower tenperatures can also be used to forma
" white gel matrix. An exanple is the formation 25 of a 30:70 gel using 175
uL distilled water + 75 uL HEMA + 8.44 uL VA-044

(2,2 -Azobi s[2-(2-imdazolin-2-yl)propane] dihydrochloride)(other free
radical initiators such as AIBN (2,21-Azobisisobutyroriitrile) mght also
be used). [0038] Another feature of sensor 110 is that at |east part 30 of
t he housing 112 may be doped with organic or inorganic dopants that wl|
cause the doped part of the housing 112 to function as an optical filter.

For exanple, itakg, sQphemplated 1o, dop rt .of housing 112 with savinyl
9 bl ack, which is an organi c Iig%tij?gc‘%flﬁg}pfrﬁﬁkéwaIFa.t%‘lagnePéssary, under

certai n propadafPditWectbier cRrafbn eprorappinn viettpss pofs sinblent o

sel ectively dopgathetheyspargibig + nLy perm.t the
regi on directl it thin 2T he photgdﬁié%%ttg‘rrgswfggem% gxog‘fﬂ% egvlz{n&n
propagate |i gﬁ%‘/‘f:h THEY ARcHaCs At Wold dsetze sadeh edingcafly withint ect ure
fabri cat ed>by thhepipredractiqied encaseIRNL:PFRGLAY! Srod032] 1 Byyise of the
non-transparenf,mferial 104 and the non-1ight Q[opa%{a_ti ng circuit board
170, the optical fiel'd ot TO'7i W & tREIpHotGAET 2t THSeEPB ¢ s control | ed
and restrict edaboitdiedr byitre ofethechineidcat@rseMBhE i prddistiakl ati on on the
surface of the sensor housing 112. The optical field of view for one

phot odet ect or [928%ha) oPYt¥ee efbods M- tohoswrrientFh@erikli $0&|drustchat ed in

FIG 4. 15 [ 084011 Beeapsspd Jaghhq CaNNQL PBSS 4 hrauat dg heGLreuitly, Jgromthe
backsi de, the sensor 110 can be surgically installed Tn-vivoso as to
orient the op?fThlcvitef FoteRetephotodelett oiantioblet anide rapstidtador abl e

pl acement to taithdrirzeibh gie tRpasshdiEAtBroMah ikhenskin. koL sxampl e, in some
20 enbodi mentg, orienti ng t he sensor optical field of view

urface orf 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
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 scme

20 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

25 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 scme embodiments it

30 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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i nward toward body core tissue may be nost favorable. This is illustrated
in FIG 5. As shown in FIG 5, the one surface of the photodetector not
covered by the non- transparent nmaterial 104 (i.e., surface 590) faces
inward 25 toward body core tissue 501 and away fromthe skin 520 to which
it is the closest. Because it is possible that this orientation may not be
mai ntai ned in-vivo followng installation (e.g., the sensor mght rol
during normal linb novenent), it is contenplated that in sone enbodi nents
it 30 will be advantageous to incorporate anti-roll "outriggers"” on the
sensor housi ng0232] FI Gn 6dilst idnf E@rﬁrdﬂlﬁ%@far§@.ﬂlﬁgévé&%olt\lfﬁg U,%sr gers
ro ng. 1

610 and 611 a senso 12 to prevent 0041]
In addition tgj%p?% dﬁ ﬁcg aﬁnlg Fngﬂ %ﬁﬁPBﬁFe%%o?ff%Péna@mﬂt
si gni fi cant |y laghenerattes ph@eaf f*ent*ﬂj‘nlﬁl@‘bbﬁrﬁhe bbehtaonehbsr PIaper

functioning ofpth @ggdtcah r resent invention also provides
i nprovenents to t e 5 ext e‘r’nai %glagna proga‘g?é)tlﬁlgfo?’%?:eéit\?e§°t?fée out put data

transmitted f FESH?FI‘@ SPnedl resdas orhall Gecdsvali soussetbabavea this out put

data, which caﬁ:éhﬁﬁlﬂﬂ@fd%g@,mtol@ spngenn concent.rati on. of the
analyte in qu may be transmtt ed Sgg\ns%%lq‘égsl y;? dtlr%c EROPPPFS, 10

tion
[0042] FIG 7%Erfu%‘itr°é‘tt g3t SRR BTG eaninfararhabn readerniFPkhel n the

enbodi ment showncént falt@on7of tdhe epdigal ;8RS od 10,4, Pl near
patient's wigst and the reader 701 is worn i I%g a wat ch onﬁ%elqﬁatgl ents

arm That is, rea e 0t T £83ePhchdd to a wist band 790. In some

enbodi mens, regeey 15701 g ined with a conventional watch.
Preferably, Wi st band 790 |)é/L I(?l%:roaocaeSugnvﬁ’f‘_"ﬂp Bantl.2 B¢ <hetd ngeafespaque

wrist band 79091t hefabkerrbagiifpnt eemwe theFmount tief cpRbEentsedsioght
reaching the opticaling@RSOda near a patient’s wrist and the reader 701 :is

worn like a watch on the patients arm. That is, reader 701
is attached to a wrist band 790. 1In some embodiments, reader
15 701 may be combined wi*h a conventional watch. Preferably,
wrist band 790 is an opaque wrist band. By wearing an opague
wrist band 790, the patient wiil reduce the amount of ambient

light reaching the optical sensor.

[0043] As shown in FIG. 7, reader 701 includes a receiver
20 716, a processcr 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 procuce 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 nay
ransmit two sets of data to reader 70l1. The first set of

data may correspond to the output of the photodetectors 120

30 when the light scurce 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.

11



[0043]: As shown in FIG 7, reader 701 includes a receiver 20 716, a
processor 710, and a user interface 711. The user interface 711 may

i nclude a display, such as, for exanple, a liquid crystal display (LCD) or
ot her type of display. The receiver 716 receives data transmtted fromthe
sensor. The processor 710 may process the received data to produce out put
25 data (e.g., a nuneric value) that represents the concentration of the
anal yte being nonitored by the sensor. [0044] For exanple, in sone

enbodi nents, sensor 110 may transmt two sets of data to reader 701. The
first set of féaﬂélnayEtotees@onUotpr&ﬁﬁseutiﬁasdmm&h&h@$%EQQGR?CtOrs 120
30 when the Iig 18 Qn and the second set of data may
correspond to ?Eguﬁﬁgkﬁgu% ﬁ%t%ﬂéEﬁcf%ﬁ PoGehmEN-net kS| i ght source

118 is off. fo[lef}ﬁﬂa‘iatppaceésme M@lmeocbew@smdd’ieseeawg/ datassels to

produce out putrodalssdhat  can bg use £ rmne the concentration of the
anal yte bei.ng nonitored by the srens%efg% F§%€| nStaRceP IHEPArst set of data

may be proCes8ENMY 5 pisdtceewlti petresesntiing dror epondi ng '(:o tdxe sum of

(1) the tot altoam)w&touafc bfglhtgnftr emd hel ngicatar HQie yles, hcat reached
t he phot odet ect Lors ‘{% 1§1 t he total anount of ent |ght t hat
reached the photode CFOP%O tethers defomrd st @fledm*‘@ln'alyom pifocessed to

produce a secemdi<( rlesutttm:ﬂf reapionditng proddRrtbet s anpuntrpf anbi ent
light that reached the photodetectors 120. The processor 710 may then
subtract the second result ?rom ¥ FTPSES b 1ot ProtHRs: @byeeticai ni ng a
final resdft fhatl corresprerdsingot b hene total armulatof)fan{ulght fig@m t he

i ndi cat or nol egatt 65 at-hal 15 Iy g det.ectors 120. The processor
710 may then _use the final rglg)g{g?&t ()CQgé P%Ogt etr EREERE r B BRYof t he

anal yte and chiR® YWéraskrtinterpatacrlttoradi sl;pleag/latvaba@lt

thereby obtaining a final result that corresponds to the
total amount of light from the indicator molecules that

15 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 can read
it.

20 [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

25 detected by photodetector 714 is above a pre-detexmined
threshold. For example, if the output of photodetector 714,
which may be input into processor 710, indicates that there
ls a relatively high amount of ambient light, processor 710
may display an alert message on user interface 711 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 can move to an

12



representing the concentration so that the patient can read it. 20 [0046]

i 714. By
Advant ageously, reader 701 may include a small photodetect or .
includigg phot odet ector 714 in the reader 701, the reader may nonitor the
anount of ambient [light. Further, the processor can be progranmed to

a warning to the patient if the amount of ambient |ight 25 detected
S;t Bﬁgt odet ect o? 714 is gbove a pre-determned threshold. For exanple, if
the output of photodetector 714, which may be input into processor 710,
indicates that there is a relatively high anount of ambient |ight,
processor 710 argaywhimsplayranallest aessagelghiiser shAbel fdeesdll,,t o al ert

30 the patientsqt t S or. . non-functional due to the high
anount gf arrbisgn'?g%ti gl%t%.s %’ﬂil%la{r?éﬂggc%ﬁqt hed© 5%8 PR Gppropri ate acti on.

F anpl e, trbeapati entrccan inpyert 9, an 2. ar ere there is | ess
a(r)ﬂr)i g)l’(lt rrIpi ght [ r gﬁr oud the sens‘orfFL sg&taﬁ%tl?leu%granﬁ%nat H5GRES i99 reach
t he sensor. [68?#’?]1“‘5}31 B¢ BeTLoner| Bw Rinmesset | Udtr aPiogess process 800 t hat

may be per Sor edibyipreepssny, #h0re R50L8SS,800 JTBY 5; hagin Ln siep 802,

i i 701
where processor 710 recejves an input indicating that a user o r.eader
has reguestedlflgl%‘bﬁléligng‘l’%t reddFhgf risiftieRe’ Yemasr reRusstteretpravessor 710
aut omat i cal | yadeestimionéson hate istnssr tddmant 8 QtoakBssat-agf rom the sensor.

10 [0048] In , ocessor 710 _obtajns from photodetector 714
i nf E)r mat% on r%&g&ﬁg atlflgg Clgeﬁcteerrﬁ%?ﬁ/ tohf"‘gt ﬁt 15ABTENTC 19GRED Pt tfeemg06,

: . . . . 4
cessor 710tdet¥dn#icmes, based on the information obt ai ned in step 804,

\%gther thg intensity of the anbient light is such that it is likely the

15 sensor Wi | [PRER] be” 2BI 400 8P Ancisespeo ot phtabrs éwnpl e,  processor

720 may det er phoveodkhretber tihe ihpbaRsiiton 0fgdng the intensity of the
ambient light. In step 806, brocessor 710 determines, based
on the information obtained in step 804, whether the
intensity of the ambient light is such that it is likely the

15 sensor will not be able to function properly. For example,
rocessor 710 may determine whethe» 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 proverly, then
20 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

25 too much ambient light.

[0050] Zn 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.

30 [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 outvput
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anbient light is greater than sone pre-determ ned threshold. If the
intensity of the anbient light is such that it is Ilikely the sensor wll
not be able to function properly, then 20 processor 710 proceeds to step
890, otherw se processor 710 proceeds to step 808. [0049] In step 890,
processor 710 issues a warning to the wuser. For exanple, processor 710 may
di splay a nessage on wuser interface 711 or conmmunicate to the user that
there is 25 too nuch anmbient light. [0050] In step 808, processor 710
activates the sensor. For exanple, processor 710 may wirel essly provide

power to the odenborodserntoan @Ot wiah i 0yhSi ghalcdd Q15 hes S&p%QQ,dg}{F
step 810, processor 710 obtains

ot herwi se acti sensor.. 30 [0051]_ | )
data fromthe C%ggéﬁss%%}%llfgr Lgx%hr?ploégp‘é% O]dc1 E’Bﬁ%%de?&eéﬁaif/%,lztoné’hﬂ%thi%@cei ved
fromthe sensdruray iicligdeffat &ecoor esppondy ngi e et hey QR £ 1:3,0f

phot odet ect or $5420: When ki Lght5-sou is_on.and data, corresponding to

t he out put _of photodetegfggg &%% &ﬁgﬁ;ﬁgﬁﬁtpr%@ﬁ?éetTiékﬁ§ bPf. Sensor 110
may mﬁreleésl?rPF%ﬁ§ﬁiﬂlphe data to receiver 716, which then provides the
data to 5 pro;gﬁgg 71Q. [00521 In step 812, processor 710 processes the
recei ved dat LroduEe 58 &gl t PEIRRSSOF f T Kb M ere $ se ppdrat e cryivecor r ect | y
(e.g., there istaoto troodntels amuentiddtght}, s&aBbes ysed tp, calculate the
concentrationcgtrég%_aqgl teizeing.lo noni tored by the sensor. For exanple,
as di scussed above, processor 7TI0 Tray "sGBP ritt? efeiendt 416bEY esiFondieng to
the output ofsphotodetestayrs th20comemtlrhghtn sueee difl vics 9fng from the

data correspopdhng 1 Lhe outp f otodet ectors 120 when |ight source
118 is on to produce a ?egu t Ehgg'cgﬁrlgxﬁgsﬁﬁeﬁst?r?ﬁﬁ?é?ﬂi?R?Wﬁhe

concent r at i onPePCEHPTanal ytay Isebhgact the data corresponding to the
output of photodetectors 120 when light source 118 is off

from the data corresponding to the output of photodetectors
120 when light source 118 is on to produce a result that can

15 be used to determine the concentraticn of the analyte being

menitored by the sensor.

[0053] in step 814, processor 710 causes information or a
message regarding the analyte being sensed by the sensor to
be displayed to the user, wherein the information or message

20 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 cperating an optical sensor, which
method also attenuates the negative effect of ambient light.
25 The method may be used with a conventional optical sensor or
with optical sensors according to the present invention.
FIG. S is a flow chart illustrating a process 900 for
attenuating the effect of ambient light on readings provided

by an optical sensor.

30 . [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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noni tored by the sensor. [0053] In step 814, 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 20 is
based on the result produced in step 812. [0054] In addition to providing
an inproved optical sensor design and an inproved reader, the present
invention provides an inproved method for operating an optical sensor,

whi ch nethod al so attenuates the negative effect of ambient light. 25, he
met hod may be used with a conventional optical sensor or wth optical

sensors accor gidihded bieody esenbrd BHRALEOR G 19 disanthow.chart
illustrating a process, 900 for atgﬁhuatind:the ef fect Sf éﬁ%le%{ | i ght on

readi ngs provided? B BﬁmﬁﬂpﬁBth%éﬂ§%F?t%@IT%855§G¢W§§§e§§tQUOanay begin in
step 901, whefbi@resdetersiatati omn oftcbheoamunkrefnaiddiient 14 ighie Leachi ng

t he hot odet gct ar. i de.  For, ex e, in step 901 a signal 14 produced
by ong or nnrggp 5?%%5?@3%5??“?%‘% E%#ﬁ%ﬂtgdﬁ%ﬁgnﬁujﬁéﬁlBﬂeof ti me when the

i ndi cat or hol eixafcglstarecondts isnca tHatudtesserntkest atiee skRsst 6pi 19020ta

det erm nat i ongd d : t . munt of, . anbient |ight reaching
the 5 photodg?%§¥%% ?gaéﬁ%ﬁgfﬁg?E?%hréggigﬁf§n?he %eggﬁraﬁﬁﬁqé%%ﬁ be able
to provi de artdcBtaté9hteddrabing fthehehapwiatecobr iantsiueht thdtghtt neachi ng

the photodet ectignyi snsusdhdohali;it dot pbikely (bhg-sangor Wi ll, net be able to
provi de an accurate readkgg then the process proceeds to step 990,

ot herwi se t he"“°fg 8r ote¥s PFoRERTRS St 8rSERYIDG3. STTOFEL ! | AtBtwyI s§90he
informati th imticeati pgoddwals theswd 903t 00 much anbient light is transmtted
to a sensor reader. After step 990, the process may end or proceed back to
step 902. [0056] In ster 990, information irdicating that there is

too much ambient light is transmitted to a sensor reader.

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

15 [0057] In step 903, the indicator molecules are
illuminated for about x amount cf 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

20 activated using abocut 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 ccrrespond to the
concentration of the analyte than the signal read in step 904
because the signal read in step 904 includes not only ﬁhe
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 externzl reader. After

step 910, the process may proceed back to step 901.
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15 [0057] In step 903, the indicator nolecules are illum nated for about X
“amount of tinme (e.g., 50 or 100 mlliseconds). For exanple, in step 903,
the light source 118 may be activated for 100 mlliseconds to illum nate

. the indicator nolecules. In one enbodinment, the Iight source is 20
activated using about a 2 mllianp drive current. Next, while the

i ndi cator nolecules are illum nated, the signal produced by a

phot odet ector 120 is read (step 904). [0058] Next (step 908), the signal
obtained in step 901 is subtracted fromthe signal obtained in step 904 to

produce a 25 [0e885i gnateocubd conguy Signak sshu @vbsu&rss%?r%@épo”d to the
concentrati onTglL t_héa anal ﬁte thag,the signal read in step 904 because the
signal read in afep ‘904 CRET AESINBI Gl YTeFRSSAY AP T teed by t he
i ndi cator nol eoftes:duhaatisard he anbirenbatiéghis bhat has jeeashed,d he

phot odet ect or ., Nex} e 10).. 30 the signal is transmttedto an
external reader. %&f tngao'rsLIe g%%%s FfoP e eessp?@?éss%?aﬁxﬁ?‘%]ceee@rﬁa%?s% 28ep 901.
15 [0059] Pro&egsimgidenyn beeyerchbioredpbyi ffocessqraReh cirthat (z51c)n sone

enbodi ments, RREEESSY-s268.4m8Y, hay f re. hardware or a c%gqbi nati on of
both for performng c‘)er?e or nore s%ayep%%o% pr%rcén%eg% R e,

processor 266P5°7@3° id%0-ude an application specific integrated circuit
(ASIC) that i igned to carry out one or nore of the steps of process
900. [0060] FI[EOQ(%?) i s TA%F 1 Bv=éharttan caert dililvg tanbitesnoprocess 1000
according to amcemrodiotenicafrding td\e@ntibedinkd:Procaess 15000 ymy begin in
about x amount of time

step 1002 jyhepe Light, ;squrce 118 is turned on for )

(e.g., 50 or 100 %hI Ioi%gené%é’s = sef?gn%?oez, "RRT8 L eP P06 ¢he U8 gt

source 118 mayrhrd ot ifoat @butor 40P bEi seeondsgt o dd lunioat e t he

i ndi cator nol geul £8conds). rFor example, in step 1002, the light source
118 may be activated for 100 milliseconds to illuminate the

indicator molecules.

15 [0061] in step 1004, data corresponding to the outputs
preoduced by photodetectors 120a and 120b while light source
128 is on is transmitted to reader 701. In step 1006, reader
701 receives the data. The data may include a reading from
photodetector 120a and a reading from photodetector 120b,

20 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.

25 [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 701. 1In step 1014, reader 70l receives

the data. The data may include a reading from photodetector

30 120a and a reading from photodetector -20b.
[0063] In step 1016, reader 701 processes the received
data tec produce a second value. For example, the second
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15 [0061] In step 1004, data corresponding to the outputs produced by
phot odet ectors 120a and 120b while light source 118 is on is transmtted
to reader 701. In step 1006, reader 701 receives the data. The data may

i nclude a reading from photodetector 120a and a readi ng from phot odet ect or
120b, 20 which is referred to as the reference photodetector. In step

1008, reader 701 processes the received data to produce a first value. For
exanpl e, the value may be produced by dividing the reading from

phot odet ector 120a by the reading from photodetector 120b. 25 [0062] Next,

light source ¥e8uesnawibredrodifceisbepdifikihg tid 2h8Pad 042, data

correspondi ng u roduced by.. phot odetectors 120a and 120b
while [ight sgﬁ?géé‘%f%%g S20diny CRF G P P ot b PEAARTLeRG T HePiot ep 1014,

reader 701 red@i §e2P 40R8, degaderTel datie: mamys i tied vdeord eadingrd e

phot odet ect or £395420a ,@nd, a8 i g, odetector 120b. [0063] In step
1016, reader 701spr ocesses thtgaq%egef%/straugm gg%% 16 %?O%ﬁﬁ g Q%Q%’i’?&“\?al ue.

For exanpl 8, {8 S¥BEAREratbeony fAfusheasndletpr befngedobytaiad diynghd he readi ng

from phot odetsector. 120asby, tiheof eadi g Fromphgtodet ect or  120b.  In step
1018, reader 701 subtracts the second val ue fﬂ%}c?)jm ?Ee‘n SFEr VAl ue to obtain

a result that SCBRCBEdsEU® t CHFEREFRTIRE DLt Hee condeghe r ticon of the anal yte

bei ng noni t or édsbyayshe vsEnseprbBestioR 0201ty 7L MLsRl AYS,) |
information concerning the concentration of the analyte (e.g., it

di spl ays a vall@@é4kpr edérmtdvup tthe aetwer Akpedieangeotdaddson)re [ 0064]

Al t hough tibe aboye-.deseribed rQ e e 10 .illustrated as a sequence of
steps, it shoul d be understpé%q %@é%ﬁéfg ??deiiﬁn?%‘f FtuVW3F9£Pgleast
sone of the sPBpYe Réddledbtihéhpertioraied kh tdestorder hawns, siang,

furthernore, nsemencit epspdmys R0 tiRd cang: addihional  st.eps. added.

some steps may be omitted and additional steps added.

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

20 accordance with the followirng claims and their equivalents.
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[ 0065]* Wil e various enbodi nents/variations of the present 15 invention
have been descri bed above, it should be understood that they have been
presented by way of exanple only, and not Ilimtation. Thus, the breadth
and scope of the present invention should not be Iimted by any of the
above-descri bed exenplary enbodi nents, but should be defined only in 20
accordance w t&&ﬂ%ol | ow ng clains and their equivalents. 17 CLAIMS 1.
A sensor readet, rising. a receiver for receiving a wirel ess signal
transmtted 5 froma sensor; a user interface for displaying information
to a user of the sensor reader, wherein the information is related to
i nformation cont ai AePMIN NF P mi FRMRSSS Wigynal ; and a phot odet ect or for
detecting the 4 ntensi ient., . i o The, sensor_ reader of claim
1, further cor?pri S| ng‘;teyar Oﬁ;1ooltéjlrsgi)é ng&f%lrr;?gogusvglnmgejt%es r%c%qasler%rau%ser?lqﬁh‘?(grface
and photfgdst ectsensals 3. The sensor reader of claim2, further conprising
an opaque wi_s d, .wherein the housing is attached to the opaque wi st
band. 20 4. Tk‘fleg“lssleje(’r%igolrntreerafr e1° of Tl Srﬁsjf)gﬂﬂ e AT Ry & Usilodssor
i n comurtireatseoison theddea r egrineim qhotiodelectalon and usef-dtey face. 5.
The sensor_ reader, of claim4, wherein the processor 25 is programed to
recei ve fromtie TRotSIdeqsst dthd n soviresydgindiass tsd arted /i mrehsity of sai d
anbi ent |ight ;ap@dit$ g Amed 1o dissue lLert ta the user if
t he cligt al .c%rtr es@)glondi ngtlé{%%efn{rﬁ%nsi ti/ing](‘) tshgil g%at%gllsglntt Iclftg:jﬁatmtblerl

ight.

2. The sensor reader of claim 1, further comprising a

housing for housing the receiver, user interface and

photodetector.
15
3. The sensor reader of claim 2, further comprising an
opaque wrist band, wherein the housing is attached to the
opaque wrist band.
20 4. The sensor reader of claim 1, further comprising a

processor in communication with the receiver, photodetector

and user interface.

5. The sensor reader of claim 4, wherein the processor
25 is programmed to receive from the photodetector data
corresponding to the intensity of said 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

30 threshold.

0. The sensor reader of claim 4, wherein the processor

is programmed to (a) receive from the photodetector data

18



indicates that the intensity is greater than a pre-determned 30

" threshold. 6. The sensor reader of claim4, wherein the processor is
programmed to (a) receive fromthe photodetector data 18 corresponding to
- the intensity of said anbient light, (b) receive fromthe receiver data

transmtt ! (c) conpute.a value that is. based on the data
recei ved rogn%r%qwi&p o?%ge %%tlor}geannsdln?%eo%a?adl ea(frékﬁfé?:ltffb?ﬁrthe“?)ecei ver; 5
and (d) diespliage thewvaiee wicd heenseitd derfacetdd 4o sensasnseader

havi ng a Egot odet ect or, ahf recei ver for receiving a signal froman optical
sensor, and & WEES ihtErrHee 1 T2 RAAhPN dptft datom easkeredifidie sensor

10 r eadertranHotodqurding e s efa i the d i Idmati an, « i eI hod,e -,
conprising: determining the intensity of ambient |ight; et erm ni ng

whet her tHe! i tersSisRiaof ife wgiemn Iihghtuses igrteatfercd han a pr edet er mi ned
threshold intensity; and 15 issuing a warning to the user if it is

determ ned that the intensity of the anbient |ight is greater than the

pr edet er mi ned “-hr edholad Samsensineaded: hHEhe metshathafoddwmidadl, fart her

conpri si tivating t.he sensor, if it_is determned that the intensity
of the a%%ﬁt&cﬁ g TS %Y Thah T Y ddeieri 8 e ISP L i shsi ty.

9. The neiskod ioft ctlfaion §of Wddar GRIRMSING FRCRI i 25 @ Sigalor
traniﬁ;tted fromthe optical sensor, wherein the signal contains

i nf or Hat iF67 981 &ichd Offo P Varrhing &-hel giserher ivdt Hod cofmadliainm @ rfettdvbr
conpri si RGrip3iiRg ngi:nformation contained in the signal and the determ ned 30

intensity of the anbient light to conpute a value relating to the analyte.
determining the intensity of ambient light;

determining whether the intensity of the ambient light
is greater than a predetermined threshold intensity; and
15 issuing a warning to the user if it is determined that
the intensity of the ambient light is greater than the

predetermined threshold intensity.

8. The method of claim 7, further comprising
20 activating the sensor if it is determined that the intensity
of the ambient light is less than the predetermined threshold

intensity.

9. The method of claim 8, further comprising receiving
25 a signal transmitted from the optical sensor, wherein the

signal contains information relating to an analyte.

10. The method of claim 9, further comprising using
information contained in the signal and the determined
30 intensity of the ambient light to compute a value relating to

the analyte.
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19 11. ' The nethod of claim9, further conprising outputting information to
the user via the user interface, wherein the outputted information is a

function of the information contained in the signal received fromthe

- optical 5 sensor. 12. The nethod of claim9, wherein the signal is

transmtted wirelessly. 10 13. A sensor reader, conprising: a

phot odet ect or ;1. r elred westHod seCeivim®m a Al.andr QR an ical sensor; a
user interface for receiving input froma user of the 15 sensor reader and

for provith P tHe UsEH AWt § 97 ordreltioriise mebids the whstierin te mtadae

i ntensitywdrampig dd ttedTBANS f+ rdmni et her.the intensity of
the anbient light is gr&egal% Iere than a prel et :ir%anefg%ﬁﬁrleos%o?fd tr]}ent ensity; and
20 means ¥oro4mesuiaTy Gonvirimiary o tthe wisgrali frddeiiveed dater imedgdiaial he
intensity, 9f;4,he ambient light is greater than the predeterm ned threshold
intensity. 14. The sensor reader of claim 13, further conprising 25 neans
for activating the sensor in response to the determ ning neans determ ning
that the intensjty of the apbient light is |ess than the predetern ned
threshold i ng Si tng.e U Rfe Fidhrd r eddee s thicaishang ] vitker ei n, after

the sensofarsmiactddvatiad)ddra yeceiver receives a signal transmtted from
the optical sensor, wherein the signal contains information relating to an

anal yte. 20 16. The sensor reader of claim 15, further conprising
10 13. A sensor reader, comprising:

a photodetector;
a receiver for receiving a signal from an optical
sensor;
a user interface for receiving input from a user of the
15 sensor reader and for providing the user with information:
means for determining the intensity of ambient light;
means for determining whether the intensity of the
ambient light is greater than a predetermined threshold
intensity; and
20 means for issuing a warning to the user if it is
determined that the intensity of the ambient light is greater

than the predetermined threshold intensity.

14. The sensor reader of claim 13, further comprising
25 means for activating the sensor in response to the
determining means determining that the intensity of the
ambient light is less than the predetermined threshold

intensity.

30 15. The sensor reader of claim 14, 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.

20



means for using information contained in the signal and the determ ned
intensity of the anbient light to conpute a value 5 relating to the

anal yte. 17. The sensor reader of claim 15, further conprising mneans for
outputting information to the user via the user interface, wherein the
outputted information is a function of 10 the information contained in the
si gnal recei véd®-fr dhe BEN et ircAdTerrdorclalig IPhe fserider c@aderi séfnacl ai m

15, “h?rﬁb%n%h%o%'%QQMg'fﬁﬁdfﬂgﬁyo t%%d@a&%l%§§%yth£53%%héﬁh%r§FQ§%! reader
of claim 13, further conprising a housing for housing t’he receiver, user

i nt er f aceledpdmiplect dadteactidry. o) t2@ aTipe emgnddghteadeiconfoutleaiamvE,uef urt her
corrpr'gsi ng.;.an p%%u%hvg ia%talb%%d, wherein the housing is attached to the
opaque wist band.” 2 yre-

17. The sensor reader of claim 15, further comprising
means for outputting information to the user via the user
interface, wherein the outputted information is a function of

10 the information contained in the signal received from the

optical sensor.

18. The sensor reader of claim 15, wherein the signal

is transmitted wirelessly.

15
19. The sensor reader of claim 13, further comprising a
housing for housing the receiver, user interface and
photcdetector.
20 20. The sensor reader of claim 19, further comprising

an opaque wrist band, wherein the housing is attached to the

opaque wrist band.
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