Optical-Based Sensing Devices BACKGROUND OF THE INVENTION [1] Field of the invention [2]
‘The inVention relates to electro-optical sensing devices for detecting the presence or . concentration of
an analyte in a liquid or gaseous medium. More particularly, the invention relates to (but is not in all
cases necessarily limited to) optical-based sensing devices which are characterized by being totally
self-contained, with a smooth and rounded oblong, oval, or elliptical shape'(e.g., a bean- or

pharmaceutical capsule-shape) ang s size-wieh pipitihendevieato be implanted in-humans for
in-situ detection of various analytes. [3] Discussion of the Background [4] U.S. Pat: Na. ,5,517,313,
the disclosure of which is incorporated herein by reference, describes a fluorescence-based sensing
device comprising indicator molecutesErrbaNBh o SERSKIVEEBIEIO®Nt, e.g., a photodetector. Broadly
speaking, in the context'of the field of the present, invention, indicator molecules are molecules one or
more optical charad®fistics of isith &0 Bfe HHFEE By the local presence of an analyte. In the

device according to{blf?} Pat. N, 521 4,333 na.lighl:sQuice 8 L+ alighl-ermilting diode (NLED"), is
located at least partially within a layer Of rga%_‘erial,con@nin%flugrggcggt indicator 1 molecules or,
alternatively, at leaSEREHIRIF VAP a RRVEGGHe iy er SubR That radiation (light) emitted by the source
strikes and causes ¢hedemdicatgromotécatesis iviktested. AiFgipassTtscafows fluorescent light

emitted by the indigatermolesidlas freachtheiphotosensitiverelemest {phstodetector) - while filtering
out scattered light fyom the light sqQuiee, MQSLThe fliaraseenoa g1 e indicator molecules
optical~based sensing dévices which are characterized
by'being totally self-contained, with a smooth and
rounded oblong, oval, or elliptical shape (e.g., a
béan— 6r pharmaceutical capsule-shape) and a slze
which permit the device to be implanted in humans for

in-situ detection of various analytes.
foa3} Discussion of the Background

10041 g.5. Pat. No. 5,517,313, the disclosure of
which is incorporated herein by zefereﬁce, describes a
fluorescence—based sensing device comprising indicator
molecules and a photoéensitive element, e.g., 2
phoiodetector- Broadly speaking, in the context of the
field of the preéent,invention, indicator molecules_
are molecules one or more éptical characteristics of
which is or are affected by the local presence of an
analyte. In the device according to U.S. Pat. No. '
5,517,313, a light source, e.¢g.. a light-emitting
diode (¥LED"), is located at least partially within a

layer of material containing fluorescent indicator



employed in the device described in U.S. Pat. No. .5,517,313 is modulated, i.e., attenuated or
enhanced, by the local presence of an analYte..For example, the ' orange-red fluorescence of the
complex tris(4,7- dipheny1-1,10-phenanthroline)rUthenium(ll) perchlorate is quenched by the local
presence of oxygen.. Therefore, this complex can be used advantageously as the indicator molecule in
an oxygen sensor. Indicator .molecules whose fluorescence properties are affected by various other
analytes are knownnasexell =f0@a|F wihermoreyeigicaior reakecdesuahicly . alisarnlight, with the level of

absorption being ‘affegted by, the presence,of, concentation of-an analyie..are-alse known. See, for
example, U.S. Pat. No 5 512,246, the dlsclos%re of WhICh IS in §rporated by reference, which

nrce =9
discloses composmo‘ﬁs Wehose spec ralllkesponses St Shtats be f5& local presence of

polyhydroxyl comp8@hasusiich b Shgarssads. BellewddPRowevertthat sbetisight-absorbing indicator
molecules have nokbeereysedibefene:-ineai Pregnspricenskdetikethat 1adghesn U.S. Pat. No.

5,517,313 or in a%ﬁS%&QﬂS&Mﬁ%{@QQM@I@@ etp%mthsmt%és@?ed in-U.S. Pat. No.

5,517,313, the material which contains the in t_|¥céator molecules is permeable to the analyte.Thus, the -
analyte can diffuse'fits the ThatEraPah e Sirbthdigtest TTBAItIR, tHERby affecting the
fluorescence of theskigiiegtor molecules. The light source, indicator molecule-containing matrix

material, [0a5] The fluorescence of the indicator molecnies

employed in the device described in U.S. Pat. No.
5,517,313 is moduléted, i.e., attenuated or enhanced,

" by the local presence of an analyte. For example, the
oréngaurad fluorescence of the complex tris{4,7— -

. diphenyl~l,1G—phenanthroline}rﬁthenium{ll} perchlorate
is guenched by the local presence of oxygén.
Thersfore, this complex can be used advantageously as
the indicator mo;ecule in an oXygen sensor. Indica?or

~molecules whose fluorescence properties are affected

by various other analytes are known as well.

[O06] Furthermore, indicator molecules which

. absorb light, with the level of absorption being

" affected by the presence or concentration of an
analyte, are also known. Sege, for example, U.3. Pat.
'No; 5,512,246, the disclosure of which is incorporated
by reference, which discloses compositions whose
speétrél responsas are attenuated by the local
presance of polyhydroﬁyl compounds such as sugars. It
ig believed, however, that such ligh*wabsoébiﬁg

indicater molecules have not been used bafore in a



- high-pass filter, and photodetector are configured such that fluorescent light emitted by the indicator
molecules impacts the photodetector such that an . . electrical signal is generated that is indiCative of
the concentration of the analyte in the surrounding medium. [006]The sensing device described in U.S.
Pat. No. 5,517,313 represents a marked improvement over devices which constitute prior art with
respect to U.S. Pat. No- 5,517,313. There has, however, remained a need for sensors that permit the
detection of -varioussaralytesnistancxtreree riatp adaghenidranmertsthewuman body. Moreover,

further refinementsiayg basngpade i the field -whichrefinemenishaye resylted in smaller and more
efficient devices. [009]U.S. Pat. Nos. 6,400,974 and 6,711423, the disclosures of which are

incorporated herein®§ieferente, @a@kﬁdes@nbéeaﬂiémﬂsc'e‘m‘dérbas%&ﬁseﬁsmg' . device comprising
indicator moleculessapthas1 phaipsansiive lemenidhatds desigaed for4isq #the human body. -
SUMMARY OF THIEQ!{_N\EXIEQ;F IQszermeable to the analyte. Thus, the
-analyte can diffuse into the material from the
surrounding test medium; Thereby affecting the
fluorescence of the indicator molecules. The light
source, indicator molecule-containing matrix material,
- high-pass filter, and photodetector are cénfigured
such that fluorescent light emitted by the indicator
molecules impacts the photodetector such that an . .
electrical signal is generated that is indicative of
the concentration of the analyte in the surrounding
medium. ' .
{008] The sensing device described in U.S. Pat.
No. 5,517,313 represents a marked improvemsnt over
devices which constitute prior art with respect to
U.S. Pat. No. 5,517,313. There has, however, remained
a nead for sénsors that permit the detection of
various analytes in an extremely important
environment——the human body. Mcreovertffurther
refinements have been made in the field, which

refinements have resulted in smaller and more

efficient devices.

fo0e] U.S. Pat. Nos. 6,400,874 and 6,711,423, the
disclosures of which are incorporated herein by
refersnce, each describe a fliuorescence-based sensing’

device comprising indicator molecules and a



[0010]Embodiments of the present invention seek to provide an electro- optical sensing device. In one
particular embodiment, the sensing device comprises: a housing having an outer surface; a plurality of
indicator molecules located on at least a portion of the outer surface of the housing; a circuit board

housedyuithin.the housiotsasHPPOIE memRer having &-side that ligs enaplapsdhat is substantially pe
pendicular to a plane on which a top side of the circuit board lies; a radiation source attached to the

side of the support member and positioned a distance above the top side of the circuit board; and a
photodetector connected to the circuR BEERI fGFdetectAy Brdspbnse of the indicator molecules.
[0011]Advantageously, to facilitate attachment of the support member to the circuit board, the circuit
board maydiave atpogiesinthestdp-didetherent ahdvhe Suppesinembermayidave ansendinserted
into the groove. [0012]The sensing device may further comprise a reflector that is spaced apart from
the radiztiorrsoatee Bl tatiegs a réflecive Bl tival faceyival FadizitiontSeurensihg pheitaéaetector
may be positioned in a location beneath a region between the radiation source and the reflective side

of the FEHEEISE=[00% 3R EHEHe PEHIBEdiffenE the sefi¥ing Wevide SIMBHSEY atoubiitg Favifig an

outer suface; a.plyrallty of indicator malegules locgled on gtleasta portion ol g quter surfage of the
housing; a circuit board housad within the ousir%; a p?mto etector having a top Side and a bottom

side, whetein.the, photodeteeior is elggtrically; cenpecied fg,a cirguitonthe clicuithoardiand a4 least a

top side of the photodetector is photosensitive; a filter having a top side and a bottom side, the bottom
side bging pestiiered Dverdhedopisine afthe phototietectiotang aeadiatibirsbarce positidned over the
top side of the filter. [0014]In some embodiments, the sensing device may further comprise a

on which a top side of the circuit becard lieg; a radiation source attached

to the side of the support member and positioned a distance above the top

gide of the c¢ircuit board; and a photodetector connected to the circuit

board for detecting a response cof the indicator molecules.

[6011] Advantageously, to facilitate attachment of the support member to
the circuit board, the circuit board may have a groove in the top side

thereof and the support member may have an end inserted into the groove.

[0012] The genging device may further comprise a reflector that is
spaced apart from the radiation source and that has a reflective side that
faceg the radiation source. The photodetector may be positioned in a
location beneath a region between the radiation source and the reflective

gide of the reflector.



base having a top side and a bottom side, with the bottom side being attached to an end of the circuit
board, and with the bottom side of the photodetector being mounted on the top side of the base.
Preferably, the top side of the base lies in a plane that is substantially perpendicular to a plane on

which ademside of the sitsuithoanddies and the-tep side ofthaphotedetagior és generall: pargllel with
the top side of the base. To facilitate attachment of the base to the circuit board, the bottom side of the
base mayhavesa groove theréiseandc apnlendlofittheddircuiti board:may lkewisertéddatedhegreove.
[0015]In other embodiments, the top side of the photodetector lies in a plane that is substantially
parallel&Fith 2pRuie binwhichie top side BEthrceiredit Brrardies nEd ditisha i&n spasuddiEssmay be

disposed between the radiation source and the filter. The base may be made from molybdenum.

[00158]T MR 455 ABFHE présdMIhIention: thefE s ProidEqRreRse i 8pfc i sé Bing ¢vice for
detectk?}%gfhe%grq:si%n?ghg(fggggeegggartio%ofe%gtnrailggem orggggi?n&@%hggsigg Ql.ar\/ciﬂ?tanoﬁlu- [ surface;
m

a plurality of indicator molecules located on at least a portion of the outer surface of the housing; a
circuit poard:housed withinthe hausingzadirstphetgdetectar cannected to theGikait board for
detecting a response of the indicator molecules; a second photodetector connected to the circuit board
for detgtingsthestespense of € referencerftuorescent=el@ment] aaratiatiam setifee pasitioned andistance
above the photosensitive sides of the first and second photodetectors; and a reflector spaced apart
from sé&iiradkficly saieE-antesttaered (¢ RaidteiFcurIs6ar@ 0616 TRESISERE HdBtheftdatares and
advantages of the present invention, as well as the structure and operation of preferred embodiments

of the PPESERE IAVETIGHS aPe e hidd T e tdifo B tith refefdifcd 1 tR& accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In some embodiments, the sensing device may further comprise a
base having a top side and a bottom side, with the bottom gide being
attached to an end of the circuilt board, and with the bottom sgide of the
photodetector being mounted on the top side of the base. Preferably, the
top gide of the bage lieg in a plane that is substantislly perpendicular
to a plane on which a top side of the circuit board lies and the top sgide
of the photodetector is generally parallel with the top side of the base.
To facilitate attachment of the base to the circult board, the bottom side
of the base may have a groove therein, and an end of the circuit board may

be inserted into the groove.

{0015} In other embcodiments, the top side of the photodetector lies in a

plane that is substantially



[0017]The accompanying drawings, which are incoporated 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

similaP@fetiefits. Ktfditichally 2ife 1BR-nOERigR(sfoF atefbrefte RlifbEHTABALIMIESTRE diaffng in
which HuelieferexiCey nuatberptirsten fpear snd0 18| HiGshois=d Sehiematic tdectionlvigieaf aource

fluoresgencesnased sensoraceauding.to a0 empodiment of e invention. [0019]FIG. 2 is a schematic,

sectiorll_viei/v oi a fluorescence-based sensor accordina% to another embodiment of the invention. 6
[0020]FfE 133 a petEpcitive 25 View 5t & rchit Boatd actsrdihg ¥ an"&fbodifiem o tHe Mvention.

an electro-optical sensing device for detecting the presence or
concentration of an analyte, comprising: a housing having an outer
surface; a plurality of indicator molecules located on at least a
portion of the outer surface of the housing; a circuit board houged
within the housing; a first photodetector comnected to the circuit
board for detecting a responsge of the indicator molecules; a second
rhotodetector comnnected toe the circult board for detecting the
response of a reference fluorescent element; a radiation scurce
positicned a distance above the photosensitive sides of the first and
second photodetectors; and a reflector spaced apart from said

radiation source and attached to saild circult board.

[ools] The above and other features and advantages of the present
invention, as well as the structure and operation of preferred embodiments
of the present invention, are described in detail below with reference to

the accompanying drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS

[0017] The accompanying drawings, which are incorporated herein and form
part of the specification, help illustrate wvarious 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, 1like
reference numbers indicate identical or functionally similar elements.
2dditionally, the left-most digit(s) of a reference number identifies the

drawing in which the reference number first appears.

fools] FIG. 1 iz a schematlc, section view of a fluorescence-based

sensor according to an embodiment of the invention.

[0019] FIG. 2 1s a sgchematic, sgection view of a fluorescence-based
gsensor according to another embodiment of the invention.
6



[0021] - FIG. 4 is a schematic, section view of a fluorescence-based sensor according to another
embodiment of the invention. [0022]FIG. 5 is a schematic, section view of an assembly according to an
embodiment of the invention. 10023]FIG. 6 is a schematic, section view of a fluorescence-based
sensor according to another. embodiment of the invention. DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS (0024]FIG. 1 is a schematic, section view of an optical-based sensor
(‘sensor"). 110, acqeksting to amembodimentatthe inysation, that gperates based on the fluoreZcence
of fluorescent indicatlor uml(?:l culeg 116. éé]ishown, sensqor 110 includes a sensor housing 112. Sensor

Pom a Sutabre Dty FRRMEEve Holfhfer material. Preferred

housin4 112 may b% f%(:rmed rom a’surta
polymer materials iHeG8&EI Bt are not limited to, acrylic polymers such as polymethylmethacrylate
(PMMA). 400251S@Q§9£]110_ng,§¥_fu5theg include a'gllatrix layer 114 coated on at least part of the
exterior surface of the sensor housing Jilza,l wit eﬁﬁaore%'ce%?%ﬁﬁ?@at%?%o?éfcﬁes 116 distributed

throughout the layérF24°55BF AT E5R AT SFPAFEORh&ESRaEESH housing 112). -

embodiment -of the invention.

[0022] FIG._S is a schematic, section view of an

assembly according to an embodiment of the invention.

06231 . FIG. 6 is a schematic, section view of a
fluorescence~based sensor accoxrding to another-

embodiment of the invention.
PETAILBD DESCRIPTION OF PREFERRED EMBODIMENTS

fooz4] FIG. 1 is a schematic, section view of an
optical~based sensor (“sensor”) 110, according to an
embodiment of the invention, that operates based on
the fluorescence of fluorescent indicator moliecules
i16. As shown, sensor 110 includes a sensor housing
112. Sensor housing 112 may be formed from a
suitable, optically itransmissive polymer material.
Preferred pelymer materiais include, but are not
limited to, acrylic polymers such as
pélymethylmethacrylate {DPuMA ) |

- (0625} Sensor 110 may further include a matrix
iayer 114 coated on at least part of the ext&riér
surface of the sensor housing 112, with fiuarescant
indicator molecules 116 distributed throughout the
layer 114 (layer 114 can cover.éll oxr part of the

surface of housing 112}.



f0026)Sensor 110 further includes a radiation source-118, e.g. a light emitting diode (LED) or-other
radiation source, that emits radiation, including radiation over a range of wavelengths which interact
with the indicator molecules 116. For example, in the case of a fluorescence-based sensor; radiation
sensor 118 emits radiation at a wavelength which causes the - indicator molecules 116 to fluoresce.
Sensor 110 also includes a photodetector 120 (e.g. a photodiode, phototransistor, photoresistor or
other photosensitive element) which, in the case of a.fluorescence-based sensor, ie sensitive to

fluorescent light emitad By the TEARATof MoleBUBE L 18 SHERThat BoSYRE9& generated by the
photodetector 120. #Prespoise - thrergto zhat b inglebtivenef diedevElohluorestieate of the indicator
molecules. Two phetageiectdr dl0aandazoaie shawndpilG. it dhisiate that sensor 110 may

have more than one_phafodetector; Soyrge,118:-may,be implemented using, for.example, LED model
_ . o

number ED-032S8 from Nichia Corporation (www.nichia.com). Other 'LEDs may be used depending
on the specific indicgtor -THdIOGREPARP B 28RS ot 10 dTfFtifeSPRtSfic YhafiA®s of interested to be
detected. [0027] . T¢rsmdi€atorfinslzeatendd-Goatay beegsated vl somfaserebthe sensor body or

they may be contained withiy matibclaye 114{asshouarin Rt 4, whishLomprises a biocompatible

polymer matrix thatiig Jre egedmg cgrcﬂegg gﬁgn%thoﬂsi1 I<§Jr:1\m9\slv¢r)a in tgenasil‘5 ari%cca) gsecd on the surface of
the sensor housing 117, Bita e%locompatl%le matrix méterlaﬁs, which preferably are permeable

to the analyte, includ¥$BifE mebbasisieCte . L HENR)Tand MdRsEIEYfhich, advantageously, can
-be made selectivebhpeomeaisbstpartichiaryrte v analyteche s theytpedonttayaolecular weight

cut-off function. [00zRlmensorhimay:beyinely sercantainee dBence-based

sensor, is sensitive to fluorescent light emitted by
the indicator molecules 116 such that a signal is
generated by the photodetector 120 in response thereto
that is indicative of the level of fluoreséence cf the
indicator molecules. Two photodetéctois.lZOa and 120b
are shown In FIG. .1 to illustrate that sensor 110 may
have more than one photodetactor. Source 118 may be
Admplemented using, for example, LED model number EU-
03288 from Nichia Corporation {www.nichié.com}‘ Other
'LEDs may be used depending on the specific indicator

© molecules applied to .sensor 110 and the s@ecifié

anaiytes of interested to be detected.

foo27tr Tﬁe indicator molecules 116 ﬁay be coated on
the surface of the sensor body or they'may’be
contained within matrix_layér 114 {(=2s shown in FIG.
1}, which comprises a bidcompatible polyﬁ&r matrix
that is prepared according to methods known in the art

- and.coated on the surface of the sensdr hdusing 112,



other words, the sensor is preferably 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, sensor 110 .may be powered by an external power source
(not shoWn), as is.well known in the art. For example, the external power source may generate a
magnetic field to .induce a current in inductive element 142 (e.g., a copper coil or other inductive
element). Additionalhs weiraitnib66npay:bee nductivagloment 44240 6ammunicate information to

an-external data regg&regfﬁ 'tg/r%6geg§é/agﬂugg Qi%rg}gag%girt elements, an integrated-circuit (e.g.,

an application specific_integrated circuit (ASIC), And/or otherelectronic components. The external

power source and ZA5PATERHEIGRal 08 the"EifHe 3aife FERBf Wisfterantive embodiment, the
sensor 110 may bedrewkreddnslan irmyrag, setfcontbingd yowersonreblsuch as, for example,
microbatteries, migsardeneratars apdipeothen powes seurcamed HRO2Q}As shown in FIG. 1, many of

the electro- molecular weight cut—off function.

fo0ze} ' Sensor 110 ﬁay be wholly seif—contained. In
other wofdsx the sensor is preferably constructed in
such a way that no electrical leads_ekténd into or out

. of the sensor housing 112 to supply power to the
sensor (e.4g., for driving the source 118} or to
fransmit signals from the sensor. Rather, sensor 110

-may be powered by an external power source {nof
sho@n); as is well ¥nown in the art. For example, the
extarnzl power source may generate a magnetic field to

_induce a current in inductive element 142 (e.g., a
ceppei coil or other inductive element).

-Additionally, circuitry 166 may use inductive element
142 to communicate information Lo an-external data -
reader. Circuitry 166 may include discrete circuit
elements, an integratéd circuit (e.g., an application '

_ specific integrated circuit (ASIC), and/or other

.electronic componentsi. The external power source and

data .reader may be the same device.

[00239] In an alterantive embodiment, the sensor 110
may be powered by an internal, self-contained power
source, .guch as, for example, microbatteries, micro

.generators and/or other power sources.



optical components of senor 110 are secured to a circuit board 170. Circuit board 170provides
communication paths between the various Components of sensor 110. .(0031]A8 further illustrated in
FIG." 1, optical filters 134a and 134b, such as high pass or band pass filters, may cover a
photosensitive side of phbtodetectors 120a and 120b, respectively_ Filter 134a may prevent or
substantially reduce the amount of radiation generated by the source 118 from impinging on a
photosensitive side 135 of the photodetector 120a. At the same.time, filter 134a allows fluorescent
light emitted by fludi®&¥nt indi€aftamioldeuitEst 16 10paEs hréti§heo5stHkE photosensitive side 135
of the photodetecterpt20a: Thismigaificanily eecuces I'Mbisetirsthe phbtodetector signal that is

attributable to inciden. radialign froRvhe seLree 1 8,408323ACsorling.1o one aspect bf the invention,

an application for which the %ensor 110 wgstdevelo&%d ey glthggg@of%%{)n% means the only application
for which it is suitaSRE" =& FEASTHRG VAT Bistogicsl dnalyies in the human body. For example,.
sensor 110 may besemeertd-hfeasure glucose, oxygen, toxins, pharmaceuticals or other drugs,

horlones, and other, r&%t bolic.analytes in thf'h an.hody. The specific camposition of the matrix layer
15&% 215 .
114 and the indica ar mo?ecuICeAssl%'grmgaervéry ependeing gn the partlcugfar 10 analyte the sensor is to

be used to detect did/eriinePéanersbistPis {PHE GSeBiBHERTT tAE AFISETEE., in the blood or in
subcutaneous tissues).<2raferably;dowevephwietsriayet 4d 4 ifipregent, should facilitate exposure of

the indicator molegylgs Jgthe-apalytes Alsanil is psfensstthalthe1gpticak ghatacteristics of the

indicator moIec:UIe%ét .g., the level o quor%g%e%qg?tolf Jiliorq:%(éedgéngﬂcator Jnglecyles) be a function of

. - Mo aver: (o) [SYF= 3111
the concentration . e Sp%C%IrC ana yterlo W e mdﬁ:ator molecules are exposed.

radiation generated by the socurce 118 from impinging
on z photosensitive side 135 of the photodetector
120a. At the same time, filter 134a allows .
fluorescent light emitted by fluorescent indicator
ﬁolecules 116 to pass through to strike photosensitivé
side 135 of the photodetacté: 120a. This
significantly reduces "noise"” in the photodetector
signal that is attributable to incident radiation from

' the source 118.

00321 According to one aspect of the invention, an
application for which the semsor 110 was developed -—

. although‘by no means the oﬂlyiapplicaﬁion.for which it
is suitable —— is measuring variocus biological
analytes in the human 5ody, For example, sensor 110
may be‘used to measure glucoss, oxygen, toxins,
pharmaceuticals or other drugs, hormones, and othexr,
metabelic analytes in the human body. The specific
composition of the matrix layer 114 and the indicator '

molecules 116 may vary depending on the particular

18



[0033]To facilitate use in-situ in the human body, the housing 112 is preferably formed in a smooth,
oblong or rounded shape. Advantageously, it has the approximate size and shape of a bean or a
pha/maceutical gelatin capsule, i.e., it is on the order of approximately 500 microns to approximately

0.0216 m (0.85 iQﬁQ?ﬁéﬂ a0l a0d op the ulerlappadmatel, 330 picrons to approximately
S

0.0076 m (0.3 inches) in diameter D, with generally smooth, rounded surfaces throughout. This
configuration pelfftd h&r&e RSP0 16 beiniplatied ihto 85 Foim&RD GRS de/mally or into
underlying tissues. (imcludingtin¢o lofgadscor blocdvesselsauithoutthesensor interfering with essential

bodily functions ggggg§g@g§;<c§§§g@epgi%gggi§cqrmgg. {3034]ir soraeembodiments, a preferred
length of the housing_j rox, 0.0127 in (0.5 inches) to 0.0216 m (0.85 inches) and a 11 preferred
diameter is apprsii.c’%@o?é%ﬁi((b.tf?ﬁcﬁé?)o 500028 M0 LT ihE tgg).rfﬁ%%% i the embodiment shown
in FIG. 1, sourcec®18lis elegacbwithPlespectioi® oy steaasd shefrctidoard 170. More specifically,
in the embodimesshewwn -sautce- 41848 fixe o arsuppartsaesbaiclé4undich functions to elevate

source 118 abovF side 171 eari%\tyglfllggg'ﬁg&gr%%%%ggs%rcgl&gjgetgcgﬁ(&uitry on board 170 so that

power can be de.i?/'e?e'c’l to source . istance (d) between source 118 and side 171 generally
ranges between TaA8FFB00BIE®:H88) ©e a functlon of the

concentration of the gpecific analyte to which the

indicator molecules are exposed.

[0033] To facilitate use in-situ in the human body,
the housing 112 is preferably formed in a smooth,
cblong or rounded shape. Advantageously, it has the
approximate size and shape of a bean or a
pharmaceutical gelatin capsule, i.e., it is on the
order of approximately 500 microns to approximately
0.0216 m {0.85 inches) in length L and on the order of
approximately 300 microns to approximately 0.0076 m
(0.3 inches) in diameter D, with generally smooth,
rounded surfaces throughout. This configuration
permits the sensor 110 to be implanted intc the human
body, i.e., dermally or intc underlying tissues
{including into organs or blood vessels) without the
sensor interfering with essential bodily functions or

causing excessive pain or discomfort.

[0034] In some embodiments, a preferred iength of
the housing is approx. 0.0127 w (0.5 inches) to 0.021%

m (0.85 inches) and a
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inches). Preferably, the distance (d) kanges between 0.0003 and 0.0005 m (0.010 and 0.020 inches).
Support member 174 may be a circuit board. Circuit board 170 may have a groove 180 for receiving a
proximal end 173 of member 174. This feature is further illustrated in FIG. 3, which is a perspective,

top view of boar%}@@&%@é@ﬁgaﬁ%@&et_;_rg)%%g}%g}t_s, SuRpertmember: 174 may include an electrical

contact 158 (e.g., a conductive gad or other device for conducting electricity) disposed on a surface
thereof and electfitafly @it &cted totsdbfeP£18. The contact 158 electrically connects to a

corresponding elggtrical contact. 157 that maw.be dishsedingeoove 180 thigugfyan electrical

interconnect 159 (e.q., a circuit trace or other transmission line). Contact 157 may be electrically

connected to cirdtit 1688 Sthér Efctt TECirciR FodrP176 A ctotdityly - -86fme 12 embodiments,
there is an electiicalpattvfrom Mircuitst66 16 stirte, 118. [083 AAskirtestshown in FIG. 1, a reflector

176 may be attagggggp,g%gq:ygl@t an end:thereof, Prgisrably waflestor 376 is attached to board 170
so that a face portion, 177 of reflector 17§ IS %ggegg&¥&e?f§di L(JDI_\% to sélge 1 and faces source 118.

; T
Preferably, face b FlefFeucrfgtré%?aﬁlgr? emite y source or exasﬁ"llp e, face 177 may have a

reflective coatingafspescd SHeréBRleHTAEIF? imyBE tonsticted Ftéifra Féfetive material. -
[00381Referringmadophotasletaetorsdi2l; can be delivered to source

118. The distance {4} between scurce 118 and side 171

generally ranges between 0 and 0.0C008 m (0.030

inches). Preferably, the distance (d) ranges between

5.0003 and 0.0085 m {0.010 and 0.020 inches). Support

member 174 may be a circult board. Circuit board 170

may have a groove 180 for receiving a proximal end 173
of member 174. This feature is further illustrated in

FIG. 3, which is a perspective, top view of board 170.

[0036] In some embodiments, support member 174 may
inciude an electrical contact 158 (e.g., a conductive
pad or other device for conducting electricity)
disposed on a surface thereof and electrically
connected to source 118. The contact 158 electrically
connects to a corresgponding electrical contact 157
that may be disposed in groove 18C through an
electrical interconnect 159 (e.g., a circuit trace or
other transmission line). Contact 157 may be
electrically commected to circult 166 or other circuit

on circuit board 17C. Accordingly, in some

12



photodetectors 120 are preferably disposed below a -region of side 171 located between source 118
and reflector 176. For example, in some embodiments, photodetectors 120 are mounted to a bottom
side 175 of board 170 at a location that is below a region between source 116 and reflector 176. In
embodiments where the photodetectOrs 120 are mounted to bottom side 175 of board 170,Ja hole for
each photodetector-120 is.preferably created through board 170. This is illustrated ih FIG. 3. As shown
in FIG. 3, two holes. 303 a0gk301p:have heen qreated in.boayd 479, therehy providing a'passageway
for light from indica{g%n%olecules 116150 reach photodetectors 120. The holes in circuit board 170 may
be created by, for examp?efaﬁﬁf:negﬁasér machining and the like. Preferably, each photodetector.120

is. positioned such ghagtight erﬁgr@g;%hog@@ﬁﬂikgwﬁ'@@tri[@ & photesensitive; 43 side of the
photodetector 120 nin EIG. 1. This techpjgue also diminishes the amount of ambient light
striking.photodetegt%?fgegyg[gg%% % f%?thgeﬂral %s%?aﬁtqe%%inaﬁl Cfn?, é%%ﬁaﬁc%}e in board 170 may be
Contain a filter 134 65T A, E5AGITHYedcH alghatsasterdolr e 2orBy Hasiingthrough’ - the
corresponding filtekid37. al He dsottomtdice aid aif SidEseoftiine phétadeteaters 129 may be covered with
black light blocking.epgsy:t9Q ta.further;diminish the amauntof ambient light striking plotodetector
126. [0040]En one.empodiment, photodetector.120a is_"used. to produce a signal corresponding to the
light emitted or adggﬁ)%a %glrr‘;’di(%t%{? rgg{’écrﬁljéjée an J.“Sﬁjd?éldeefuéc &F 2%‘8 is used to produce a
reference signal: IFEHECEMBSAimERE £NBREScefit eeeht™S4 &#4§ e positioned on top of filter
134b. Preferably, fledieSténtetemehtd 54 fporescesatapredetabmingd maavedength. Element 154
may be made from.tgrhivm.oLotherflugreseentelementthat fluoresces at the predetermined
wavelength. In this embodiment, filter 134a’ and filter 134b filter different wavelengths of light. For
example, filter, 13483R8Y filteabsetdmgthebetonwtd0Ontebnadtfiter 134b may filter wavelengths below

500nm. photqdetec;ors 120 are preferably dispossd below a

.:region of side 1?1'located between source 118 and
refleétor 176. Ffor example, in some embodiments,
photodetectors 120 are mounted toc a botﬁom.sidé 175 of
board 170 at a location that is below a region between
source 118 and reflector 176. In embodiments where
the photodetectors 120 are mounted to bottom side 175
of board 178, a2 hole for eééh photo&etector-lZﬁ is
preferably created_throﬁgh board 170. This is
illustr#ted in FIG. 3‘ l&s shown in FIG. 3, two.holes
301a and 301b have been created in board 170, théreby
providing a passageway for light from indicater
molecules 116 to reach photédetectors 120. The holes
in circuit board 170 may be created by, for example,
drilling, laser machining and the like.‘ Preferably,
each photodetector 120 is. positioned such that light

entering the hole ig likely Lo strike a photosensitive

33



[0041]Referring now to FIG. 2, FIG. 2 illustrates a sensor 210 according to another embodiment of the
invention. As shown in FIG. 2, sensor 210 is similar to sensor 110.. A primary differetde being that
reflector 176 is replaced by a support member 202, 14 whieh is bonnected to end 194 of board 170
and to whieh source 118 is fixed. In.this embodiment, and support member 174 is replaced with a
reflector 209. ' Like reflector 176, reflector 209 has a reflective face 211 that faces source 118.

Additionally, so that fQOtC’Qet ctor,. 1% al t%eerg%l:q:s ﬂ%segso ggg&%ely%%hotpdetector 120a may Switch
places with photode Stor 1 5 dnd fitter 134a m%% switch places with filter 134b. Fluorescent element

154 may also be répbeitiaTEa st at e HEiT Breth F ot i PS8 T[4 Hs shciwn in FIGS. 1 and
2, in some embodifesttt indicttdnmelectidstidB sraydfe positioned only in a region that is above a

region 193, which reoc_gon is between source 118 and reflector 176.
160381 2s further illustrated in FiG. 1, each hole

in board 170 may be contain a filter 134 so that ;ight'
can only reach a photodetector 120 by passing through’
the corresponding filter 134. The Bottom,si@a and all
- dides of the photodetectors 120 may be covered with
black light blocking epoxy 190 to further diminish the
amount of ambient light striking.photcdeteétor 120.

[6040] Tn one embodiment, phétodetector’lZGa is
‘used to produce a signal corresponding to the light
emitted or adsorbed by indicator molecules 116 and
photodetector 120b is used to produce a reference
.signal. In this embodiment, a fluorescent element 154
may be positioned on top of filter 134b. FPreferably,
© Fluoredcent element 154 fluoresces at a predetermined
wavelength. Element 154 may be made from terbivm or
other fluorescent element that fluoresces at the
predetarmlned wav&length. In this embodiment, Iilter
134a° and filter 134b filter dlffEIQRL wavelengths of
" light. For example, filter 134a may filter
- wavelengths 5elow 400nm and filtexr 134b may filter

wavelengths below 500nm.

{004i} Raferring'now to FIG. 2, FIG. 2 illustrates
a sensor 210 according to anéther embodiment of the
invention. As shown in FIG. 2, sensor 210 is similar
to sensor 110. A primary difference being that

raflector 176 is replaced by a support member 202,
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[0043]Referring now to FIG. 4, FIG. 4 is a schematic, section view of an optical-based senor 410,
according to another embodiment of the invention. Sensor 410 includes many of the same
components as 'sensor 110. However, the positioning of source 118, photodetector 120a and filter
134ain sensor 410 is different than the. positioning in sensor 110. [0044] - As shown in FIG. 4, a base
412 is mounted to an end 413 of circuit board 170. A, top side 414 and bottom side 416 of base 412

each may lie in a %&%ﬂhéé isganenally perReRdicidastosuplane 10 whigheside 171 of board 170 lies.
Bottom side 416 maﬁ/fj%/ roov 418 therei th@t r%%elvesfg 413 of bo d 15 170. Groove 418
facilitates fixing bage™ ?8%oar %Ol 0 ﬁ% hotddetector 120a M be mounted on top side 414 of
base 412. Preferawpﬁﬁ@téﬁ@f&ﬁoilﬁﬁéléf%ﬂﬁ?é’d %YFBa%erEﬁeé:G?Ffa?Bﬁotosensmve side. 135 of
photodetector 120adies redlplanertiatds gederaltypezpenicularteshecplare in which side 171 of

board 170 lies andffgggszﬁt%%@gcgg@%%l}c?é ﬂ@p S'ﬂ@cﬂl‘&cnaﬁ ¥, so that
photodetector 120a remains ‘closer to source 118,
éhotodatector 120a may switch places with
photodetector 120b and filter 134a may switch places
with filter 134b. Fluorescent elemént 154 may also be
re-pogitioned so that it Q@mains on top'gf filter

134b.

[060427 - As, shown in FIGS l and 2, in some
embodiments, lndlcator molecules 116 may be positioned
only in a region that is above a region 183, which

region is between source 118 and reflector 176.

{00431  Referring now to FIG. 4, FIG. 4 is a
échematic, section view of an optical-based sensor
410, according to another embodiment of the invention.
Sensor 410 includes many of the same components as
‘sensor 110. However, the positionlng of socurce 118,
photodstector 120a and filter 134a in sensor 410 is

different than the positioning in sensor 110.

{00447 As shown in FIG. 4, a base 412 is mounted to
an éndj§13 of circuit board 170. A top side 414 and
bottom side 416 of base 412 each may lie in a plane
that is generally perpendicular to a plane in which
side 171 of board 170 lies. Bottom side 416 may have

a.groavé 418 therein that receives end 413 of board
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[0046]Filter 134a is preferably, disposed abbve iide 135 of photodetector 120a so that most, if not -all,
light that strikes side 135 must first pass through filter 134a. Filter 134a may be fixedly mounted to
photodetector 120a. For eaample, a refractive index (RI) matching epoxy 501 (see FIG. 5) may be
used to fix filter 134a to photodetector 120a. [0047] , In some embodiments, base 412 may include at
least two electrical contacts disposed thereon (é.g., 'on side 414). For example, as shown in FIG. 4, a
first electrical contact 471' anda second electrical contact 472 are disposed on side 414 of base 412. A
wire 473 (or other igtric&reefmdeibrf bt et e B EiCANF_ENridts Phoftdtector 120a to -
electrical contact 47tmnd a wire 474 (or other electrical . connector) preferably electrically connects
source 118. to electrical contact 472. Contact 471 etectrlcally connects to a corresponding contact

475 via an electrlcaWﬂFerﬂ:onne%l%?@eg‘?ﬁﬁ%‘?l)}zgﬁnféac‘f £ BRI c6RRects to a corresponding
contact 477 16 ' viaiate etdétricalintercbifhecfa?8: ChitactSUTB e PErerprieiéfably disposed on the
end .of board 170 thatdsinsered inte grogve 4d S:zaniacis«kéns477waayibe algstrically connected to

circuit 166 or other C%I‘CLF[ on CI_ECUI'[ bgziﬂ] %@ié@cﬁg{dalngﬁ/aﬁ@ sqipe embodiments, base 412 provides

a portion of an electric ﬂ? rom circuit 166 to source 118 and/or Phaodetectqr.120a.

[0048].Referring ncﬁﬁ‘t@qal@YSPF%e%dﬁﬁfﬁ@F iffs e P R arrdh §EARBnESF Shg{odetector 120e, filter
134a and source 148. As:sHOWIDiN.F46 S04 dadss sourtes] $8us HHAREHOBNZFtop Sside 467 of filter
134a. Accordingly, %SQQ&@ i FIG. 4 and 5, photodetector 1204, filter 134a and source 118 are
aligned. That is, as shown in FIG. 5, both filter 134a and source 118 are each disposed in an area that
is over at least a pd@RAsdf photdsemsithidside m@?%@d%@fb‘%@ﬁﬁﬁot’@ow]Preferably,
non-transparent, N@Rde 135 of photodetector 120a so that most, if not

-all, light that strikes side 135 must first pass
through filter 134a. Filter 134a may be fixedly
mounted to photodebector 120a. For example, a
refractive index (RI) matching epoxy 501 (see FIG. 53

"may be used to fix filter 134a to photodetector 120a.

[0647]  In some embodiments, base 412 may include at
least two electrical contacts disposed thereon (e.g.,

"on side 414). For example, as shown in FIG. 4, a
first electrical céntact 471 and a second electrical

’ contact 472 are disposed on side 414 of base 412. A
'ere 473 {or otheT electrical connector) preferably
electxlcally'connects photod& tector 120a to electrical
‘contact 471 and 2 wire 474 (or other electrical
comnmactor} pieferably el@ctrically'cannects source 118
to electrical contact 472. Contact 471 electrically
_connects to a corresponding contact 475 via an
elaectrical interconnect 476. Similarly, contact 472

electrically connects to a corresponding contact 477
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translucent base 431 is disposed between source 118 and filter 134. Opaque base 431 functions to
prevent light -emitted from source 118 from striking side 467 of filter 134a. Base A31 may be a
gold-cladmolybdenuM tab (molytab) or other opaque structure. Epoxy 555 may be used to fix source
118 to base 431 - and base 431 to filter 134a- (0050]Preferably, in this embodiment, source 118 is
configured and oriented so that most of the light transmitted therefrom is transmitted in a direction. 17

away from side 467,35 SO L FIGS. A AN, Eorefamplecin e ampeimpry Shown, the ight i
491 o ' '

primarily directed towards an en

oUsing 102. Preterably, indicator molecules 116 are located

on end 491-so thatfFRyPAAT FEeBNE tHERaTRstioH emftédfrath S5t 118, R&%iscussed above,
indicator molecule< & 16xw4lt tespbmicktastivevebéied rédidtiasaddthedidspetiskavill be a function of

the concentration qfsthe-analvte.being. meaguied in theiwregiendsf henindisatenmolecules 116.
Photodetector 120a detects {Qe response,. [O%SclgcRefeﬁrigg now to F1G. 6, FIG. 6 is a schematic,

on .CLYTU kal

section view of an optlcaf- ased sensor 610, accorélllnggto another embodiment of the invention.
Sensor 610 includEEResARBTthe Baffe thmpPBNEIHERLsBASHF LT ARD, sensor 610 is similar to
sensor 410 in that,dn&endent10: photodetettonul20d, itdr] 3durard Sdurcedl¢8 are preferably
aligned. Further, -like.in.senger 410,4p:-sensor 610 filter 134a may be fikedly mounted on side 135 of
photodetector 120a and source 118 may be fixedly mounted on side 467 of filter 134a, and the

photodetector 1204 04#83r. 134BeSoaréad pRaSsefbR: nfay BEslocatéd=adicent an

102, as illustrated ¥y Fig:Bates the arrangement of photodetector 120a,
‘ filter 134a and source 118. BAs shown in FIGS. 4 and
3, sourtce 118 i=s moﬁnted on & top side 467nof f;lter
';34a. Accordingly, as shown in FIG. 4 and 3,
photodetector 120a, filter 134a and source 118 are
aligﬁed. That is, as shown in FIG. 5, both filter
1343 and sodrca 118 are each disposed in an area thaf
is over at least a portion of photosensitivé.siae 135

of photodetector 120a.

%5049] Preférably, a non~transpareﬁt, non-

: t;anélucent base 431 is disposed betwsen source 118
and filter 134. Opadue base 431 functions to pravent
light emitted from source 118 from striking .side 467
of filter 134a. Base 431 may be a gold-clad-
molybdenuin tab {molytab) or other opague structure.
Epoxy 555 may be uséd.to £ix source 118 to base 431
and base 431 to filter 134a.

[0050] Preferably, in this embodiment, source 118
is configured and oriented so that most of the light

rransmitted therefrom is transmitted in a direction .
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100521However, the orientation of source 118, Thotodetector 20a and filter 134a in sensor 610 is
different than the orientation in sensor 410. ' For example, in sensor 610, side 135 of photodetector
120a faces in a direction that is substantially 18 perpendicular to the longitudinal axis of housing 102.
Additionally, in sensor 610, filter 134a and/or photodetector 120a are directly fixed to board 170 such
~ that base 412 may be removed. In the embodiment shown, filter 134a and/or photodetector 120a are .
.directly fixed to end 413 of board 170. [0053]In one or more of the above described embodiments/.
housing 102 may & lfed5an s #atthial R°kEBF e LoftfineAtShduded fPRousing 102 from being
able to move aroungkapkexainpigchcobivdi 102 nie filtde Witls'sn bptical epoxy either before or
after board 170 angd thg.compenenis-atiachgesk-thera{o-ake insertedinto heysing 120. EPO-TEK 301-2
Epoxy. from Epoxy, Teehnalaqy o Ailleriea. e andies oifer £pe4eanay g usgel- 10054MWhile
various embodimentsivanations of the - o :
491 -so that they will receive the radiation emitted
from source 118. As discussed above, indicator
molecules 116 will respond to the reseived radiation,
- and the. response will be a function of the
" concentration of the analyte bging measured in the

region of the indicator molecules 116. Photodetector

120a detects the response.

{0&511 Referring now to Fig. 6, FIG. 6 is a
séhematic, section view of an optical-hased sensoxr
Giﬂ, according to another embodiment of the inveﬁtion.
Sensor 610 includes many of the same components as

"sensor 1i0. Also,lsenéor 610 is similar to sensor 410
in that, in sensor 610, photodetector 120a, filter
1343'andrsource 118 are preferably zligned. Eurtﬁé:,
-1ike in sensor 410; in sensor 610 filter 134a may be
fixedly mounted on side 135 of phqtodeteétor 120a and
sourcteiB may be Fizedly mounted on side 467 of ‘

" filter 134a, and the photodetector 1293,'fiiter 134@,;
source 118 assembly may be located adjacant-an end 481

of housing 102, as illustrated in FIG. €.

1o0s2] However, the oriéntation of source 118,

' photodetector 120a and filter 134a in sensor 610 is
different than the oriemtation in semnsor 410.° For
éxample, in sensgor 610, side 135 of photodetectqr 128a _

faces in a direction that is substantially
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present invention have been described above, it should be understood that they have been presented
by way of example only, and not limitation. Thus, the breadth and scope of the present invention
should not be limited by any of the above-described exemplary embodiments, but should be defined
only in accordance with the following claims and their equivalents. 19 1. An electro-optical sensing
device for detecting the presence or concentration of an analyte, comprising: a housing having an

outer surface; a plurality of indicator malecules located on a&e%%tu% tiog,of the outer surface of
the housing; a cirdtB6ar fbdded Rititn %%nﬁjé%%%ﬁxgi?}' **airst photodetector connected to the

circuit board for detedéihgeazbbponte PO Ehtof hbfdcdidd 2294%econd photodetector
connected to the clicsiblieasddor deteatingdheiresnonsaiotes refefermalflldbescent element; a

aciaton source paSIPES.R GSLENGR FP 0o AHEIRSENSHexSHoG ek and second
photodetectors; ans’hown, filter 134a'and/or pﬁot_odetector 120a are ‘ '

..directly fixed to-.end 413 of board 170.

[p0S3]  In one or more of tha above described
embodiments, housing 102 may be filled with a matgrial
to keep the cbmponents housed in heusing'iﬁz from

. being able to move around. For eﬁampla, housing 1062
may be filled with én optical spozy either before ox
aftér board 170 and the components attached thereto
are inserted into housing 120. EPO-TEK 301-2 Epoxy .
from Epoxy Technology of Billerica, MA and/or ot;ex
‘epoxies may be used. ‘

‘[o0543 While various embodiments/variations of the
present invention have been described’ above, it should
be underétood that they have been presanted'by Way_of
example only, and not limitation. Thus, the breadth
%ﬁd scope of the present invention should not be

- 1imited by any of the above~described exemplary
embodiments, but should be defined only in accordance

‘with the following claims and their eqguivalents.
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a reflector spaced apart from said radiation source and attached to said circuit board. 2. The sensing
device of claim 1, further comprising first and second optical filters covering the photosensitive sides of
the first and second photodetectors, respectively. 3. The sensing device of claim 2, wherein the circuit
board has first and second holes, extending therethrough, in which the first and second optical filters

are reﬁpeC“‘ﬁG{ye@éd?&%%ﬂcé\%%ﬁm&HM?&%W&PEeﬂé‘%ttiﬁ%;‘%%%%@Q%E@Pé&%@&%&i@%?%ﬁpeﬂive|y

attached to the bottom side of the Circuit board. 4. The sensing device of claim 3, wherein the
non-pﬁ‘i‘tﬁ@%rﬁ‘?fﬁ%@%s of the first and second photodetectors are covered with black light-blocking
" epoxy. 5. ThensesisknaAecmeiakaisudaceherein the reference fluorescent element is positioned on

19p of the o0 RGBT Al RRGER AL & A RSB RYF IR U R HRESEIR device

of claim 4, WhBreim the referance fiuorescent element is terbi e sensing device of claim 2,
wherdipugiadirst and second optical filters filter different wavelengths of light. 8. The sensing device of

claim 1, Whegqjg?cmpo@gaﬂ&ggggwggggst@étﬂghgqu a side of a support member that lies on a plane
Sensing dev U UIATDR L GBI ALY VA O T SRSt et and the
suppdntimmaiorbepkasiem end inserted into the groove.
a second photodetector connected to the circuit board for detecting the response of a
reference fluorescent element;
a radiation source positioned a distance above the photosensitive sides of the first and
second photodetectors; and -

a reflecior spaced apart from said radiation source and attached to said circuit board.

2. The sensing device of ciaim 1, further comprising first and second optical filters covering

the photosensitive sides of the first and second pholiodetectors, respectively.

3. The sensing device of claim 2, wherein the circuit board has first and second holes,
extending therethrough, in which the first and second optical filters are respectively dispesed,
and under which the first and second photodetectors are respectively aftached to the bottom

side of the circuit board.
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| 10. The sensing device of claim 1, wherein the distance ranges between about 0.0003m (0.010
inches) and 0.0008 m (0.030 inches). 11. The sensing device of claim 1, wherein said reflector has a
reflective side that faces the radiation source. 12. The sensing device of claim 11, wherein the first

and sgcond ﬁlgotodetectgrs .are rpqsmoged in g.*q%%tlﬁ)&l‘% %jgg glg@%% gfvf%gq”tgea%dlatlon source
e

and the reflective side Eretlector e sensing device o alm wherein the photosensitive
sides ﬁ@@fméo@dé@e@mérph‘@mé@é&ttbréfﬁbé'mfabm%ma)ﬁ%stantlalIy perpendicular to the
direction that the reflective side of the reflector faces. 14. The sensing device of claim 13, wherein the

photosensmve sides of the first and se hot dete tors ar osmone belo the top side of the
circuitboard I FsS é"ga‘?é’fﬁﬁ?? § %?Tl ﬁ/ﬁeé%é?r?%ea RTINS (i?a'!ﬁgssapé)rsgfc\)/e |gn the top

side tbereof afitessedmedleptoahiiaanertlorsectechine saidigruines] web/ekingbensing device of claim
8, wherein a first electrical contact is disposed on a surface of the support member and the radiation
source is electrically connected to the electrical contact. 17. The sensm%e of claim 16, wherein

the firét elecifRarepriptirviskelmaily torireird e sienssd UReRseat & §idpE4E on the circuit
board.

7. The sensing device of claim 2, wherein the first and second optical filters filter different

wavelengths of light.

8. The sensing device of claim 1, wherein the radiation source is aftached to a side of a
support member that lies on a plane that is substantially perpendicular to a plane on which a fop

side of the circuit board lies.

9. The sensing device of claim 8, wherein the circuit board has a groove in the top side

thereof and the support member has an end inserted into the groove.

10. The sensing device of claim 1, wherein the distance ranges between about 0.0003m
(0.010 inches) and 0.0008 m (0.030 inches).
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18. The sensing device of claim 17, further comprising a circuit trace disposed on or within the support
member that functions to electrically connect the first electrical contact with the second electrical
contact.

11.  The sensing device of claim 1, wherein said reflector has a reflective side that faces the

radiation source.

12. The sensing device of claim 11, wherein the first and second photodetectors are
positioned in a location beneath a region between the radiation source and the reflective side of

the reflector.
13. The sensing device of claim 12, wherein the photosensitive sides of the first and second
photodetectors face in a direction substantially perpendicular to the direction that the reflective

side of the reflector faces.

14,  The sensing device of claim 13, wherein the photosensitive sides of the first and second

photodetectors are positioned below the top side of the circuit board.

15. The sensing device of claim 11, wherein said circuit board has a groove in the top side

thereof and said reflector has an end inserted into said groove.

16.  The sensing device of claim 8, wherein a first electrical contact is disposed on a surface

of the support member and the radiation source is electrically connected to the electrical contact.
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17. The sensing device of claim 16, wherein the first electrical contact is electrically

connected to a second electrical contact disposed on the circuit board.

18. The sensing device of claim 17, further comprising a circuit trace disposed on or within
the support member that functions to electrically connect the first electrical contact with the

second electrical confact.
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