WO 2006/113070 PCT/US2006/011453 Optical-Based Sensing Devices BACKGROUND OF THE
INVENTION [001] Field of the invention [002] 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 imgentisnoelates to (but is not in all cases necessarily limitea/ispoopticatbased
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) and a size which

permit the device to be inaplanted indilynansdas inwituedeteetion of various analytes. [003] Discussion
of the Background 1004] U.S. Pat. No. 5,517,313, the disclosure of which is incorporated herein by
reference, describes a fluorescence-based sensing device comprising indicator molecules and a

photosensitive element, e.g; &phoeigdstestor Broagiy-sreaking, in the context of the field of the

present invention, indicator molecules are molecules one or more optical characteristics of which is or
are affegtgd by the logalprgsence vt annasalytenln the device according to U.S. Pat. No. 5,517,313,

a light source, e.g., alight-emitting diode ("LED"), is located at least partially within a layer of material
containing fiaprescentindidatoettion relates to electro-optical

sensing devices for detecting the'presence or
concentration of an analyte in a liguid or gaseous
medium. More particularly, the invention relates to
(but is not in all cases necessarily limited to)
optical-kased sensihg 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) and a size
which permit the device to be implanted in humans for

in-situ detection of various analytes.
[D03] Discussion of the BRackground

10043 g.8. Pat. No. 5,517,313, the disclosure of
which is incorporated herein by refereﬁce, describes a
fluorescence~-based sensing device comprising indicator
molecules and a photoéensitive slement, e.g., a
photodetector. Broadly speaking, in the context of the
field of the preéent invention, indicator molecules
are molecules one or more optical characteristics of
which is or are affected by the local presence of an
analyte. In the device according to U.S5. Pat. No.
5,517,313, a light source, e.g., & light-emitting
dicde ("LED"), is located at least partially within a

layer of material comtaining fluorescent indicator



WO 2006/113070 PCT/US2006/011453 molecules or, alternatively, at least partially within a wave
guide layer such that radiation (light) emitted by the source strikes and causes the indicator
molecules to fluoresce. .A high-pass filter allows fluorescent light emitted by the indicator molecules
to reach the prtosensitive element (photodetector) while filtering out scatierad tigbtofrass the light
source. [005] The fluorescence of the indicator molecules 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 examples e «crapge-reddfiiorescenrcs, of tie cemptexdiisti4ily within
diphenyl-1,10-phenanthraline)rutheni 1) perchlorate is quenc ? by the local presence pf oxygen.
Thereforaé, ‘tﬁ‘s%:o%ﬁé% c?%l%yt)géf uSe %%%’?ag%%%%%ﬁg %ﬁﬁ&%g or%ﬁi&ggﬁfgin an oxygen sensor.
Indicatobdibeuleswhese fluolestennd properiestare affetied dnyrvarious other analytes are known

as well. [006] Evthermore, indicator.mojecules which, absorh light, with.the level of absorption being

affected by the presence or concentration of an_analyte, are also known. See, for exampl , U.S. Pat.
No. 5,512104%6 RE EHdclbSGre oiihich 58 ifdbrpofateB by Féfefertet SHidiF discloses compositions

whose specied sesponses-arecattentaied by-dhereesal presensaipobddroxyl compounds such as
sugars. |t is pelieyed, however, that such laht- 8590 o, the 15gne

source.

[005] The fluorescence of the indicator molecules
empiloyved in the device described iﬁ U.S. Pat. No.
5,517,313 is moduléted, i.e., attenuated or enhanced,

- by the local presence of an analyte. For example, the
oréngewxed flucrescence of the complex tris(4,7-
diphenylwl,lOnphenanthroline)xﬁthenium(II) perchlorate
is guenched by the local presence of oxygén.

Therefore, this complex can be used advantagsously as
the indicator molecule in an oxygen sensor. Indicator
-molecules whose flucorescence properties are affecitad

by various other analytes are known as well.

{006} Furthermore, indicator molecules which

. absorb light, with the level of absorption being

"affected by the presence or concentration of an
analvte, are alsc known. See, for example, U.S. Pat.
No. 5,512,246, the disclosure of which is incorporated
by reference, which discloses compositions whose
spectrél responses are attenuated by the local
presence of polyhydroﬁyl compounds such as sugars. It
is believed, however, that such lightwabsorbihg

indicator molscules have not been used before in a



indicator molecules have not been used before in a 2 WO 2006/113070 PCT/US2006/011453 sensor
construct like that taught in U.S. Pat. No. 5,517,313 or in a sensor construct as taught herein. [007] In
the sensor described in U.S. Pat. No. 5,517,313, the material which contains the indicator molecules
is permeablevim thesanaldyte. Thus, the analyte can diffuse into the materiapdropsitve/@usspunding test
medium, thereby affecting the fluorescence of the indicator molecules. The'light source, indicator
molecule-containing matrix material, high-pass filter, and photodetector are configured such that
fluorescentlight emitted hy-thelindicatora maleeuwss impastssthemhotogetector such that an . electrical

signal is’gegﬁatgg that is, indicative of the concentration of the analyte in the surrounding medium.
[008] The'sensing e\%%el(;{les%:riﬁgaslr? TLJ.g?E’SanE'N%? ﬁl%@fg%p%es]éﬁ@a marked improvement

over deyiggs which constitide prior art with respect tg U, 5. Pat,No. 5,517,313. There has, however,
remain(?g a n_?e_d for sensors that permit the detection of various analytes in an extremely important
et

environment-thé himaf by Efforadverfiitheiorstetie s havedieat arade in the field, which
refinements havaestted drsmaliee and mere efficiontdeviees; [009LU.S. Pat. Nos. 6,400,974 and

6711425?%1&&?&@ can diffuse into the material from the

surrounding test medium, thereby affecting the
fiuorescence of the indicator molecules. The .light
source, indicator moléculewcontaining matrix material,
- high-pass filter, and photodetector are cénfigured
such that fluorescent 1ight.emitted by the indicator
molecules impacts the photodetector such that an .
électrical signal is generated that is indicative of

the concentration of the analyte in the surraounding

medium.

[008] 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.5. Pat. No. 5,517,313. There has, however, remained
a neesd for sensors that permit the detection of
'varigus analytes in an exiremely important
envirecnment-—the human body. Moreover,rfurther
fefinem@nts have been made in the field, which
refinements have resulted in smaller and more

efficient devices.

[Cc0e] U.5. Pat. Nos. 6,400,974 and 6,711,423, the
disclesures of which are incorporated herein Dy
reference, esach describe a fluorsscence-—based sensing

device comprising indicator molecules and =2



disclosures of which are incorporated herein by reference, each describe a fluorescence-based
sensing device comprising indicator molecules and a 3 photosensitive element that is designed for
use in the human body. SUMMARY OF THE INVENTION [0010] In accordance with a first aspect of
the present invention, there is provided 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 locateghon atdeastta portioneithe eyter surface:ofthe housing.a circpitboard housed
within the housin%; a su O%[t member having a side that lies on a plane that is substantially

perpendicular to 4 fﬁgﬁe O which a top side of the circuit board lies; a radiation source attached to
said side of the support member and;pgsitioned:a gigtance-abeys;the top side of the circuit board,;

and a photodetector connected to the circuit board for detecting a response of the indicator
clocto-opical SORIR] devico for CETSING (o proconcs o cBRSBhalion of an analyte, bomprising:
a housing haviry 8R%titel Btifface ca pluraditeofihdicatti dadletules. rated optatdeast a portion of
the outer surface-ekthe;heusing: aircuit-hoard housed within, e o |

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 circuilt board housed within

the housing; a support member having a side that lies on

a plane that 1s substantially perpendicular to a plane

on which a top side of the circuit board lies; a

radiation source attached to said side of the support

member and positioned a distance above the top side of

the circuit beoard; and a photodetector connected to

the circuit beoard for detecting a response of the

indicaror molecules.

[0010al In accordance with a second aspect of the
present invention, there 1s provided an electro-optical
sensing device for detecting the presence or
concentration of an analyte, cbmprising: a housing
having an outer surface; a plurality of indicator
mclecules located on at least a portion of the outer
surface of the housing; a circuit board housed within
the housing; a photodetector having a top side and a
bottom side, wherein the photodetector is electrically
connected to a circuit on the circuit board and at
least a top side of the photodetector is

photosensitive; a filter having a top side and a bottom



the housing; a photodetector having a top side and a bottom side, wherein the photodetector is
electrically connected to a circuit on the circuit board and at least a top side of the photodetector is
photosensitive; a filter having a top side and a bottom 4 side, the bottom side being positioned over the
top side of the photodetector; and a radiation source positioned over the top side of the filter. [0010b]
In one particular embodiment, the sensing device includes: 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 hotis88 withir ?ﬂ%%@ﬂ%iﬁéfﬁﬁ SIppSFt Fmber Mg &sid8thafies 6f% plane that is
substantially perpéntliculahtota plinecorowhiciral tap sidéof the cireuittaoarskies;asadiation source
attached to the side ofthe syppart memper and fqgsitigned a distance above the top side of the circuit
board; and a photodetector connected to the circuit board for detecting a response of the indicator

molecules. [001 Fhaguantagequsly, 1o facilitate attachment of.he supportmember to the circuit board,

the circuit boarddmajy have agroove in the top side thereof and the support member may have an
end inserted intd'the groove: [0012] The'€8nding ditice may futthérincitte?s Sefldctor that is spaced

apart from the radiatien 1ty of Indicator molecules located on at least a
portion of the outer surface of the housing; a circuit
board housed within the housing; a support member
having a side that lies on a plane that is
substantially perpendicular te 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 circuit
board for detecting a response of the indicator

moiecules.

[0011] 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 intc the

groove,

fO012] The sensing device may further include a
reflector that is spaced apart from the radiation
source and that has a reflective side that faces the
radiation source. The photodetector may be positioned
in a location beneath a region between the radiation

source and the reflective side of the reflector.

4a



source and that has a reflective side that faces the radiation source. The photodetector may be
positioned in a location beneath a region between the radiation source and the reflective side of the
reflector. 4a WO 2006/113070 PCT/US2006/011453 [0013] In another embodiment, the sensing
device includ@$} 206U having an outer surface; a plurality of indicatorrgivieuisgiocsted on at
least a portion of the outer surface of the housing; a circuit board housed within the housing; a
photodetector having a top side and a bottom side, wherein the photodetector is electrically connected

to a circ 'b%tpe cir&Hljt hoardand at least 3 top lsid&gf the,, Qtj%od@é%citggis photosensitive; a filter
a

having atop _side and a bottom side, the bottom side being positioned over the top side of the
photodeteRergRE : a tadiRABAOUREE pOSitdned BveT tFE¥dFSide 6f the filter. [0014] In some .

embodimanis-the:sensing devisedpaynirtharirglude ahase baviag atep.side and a bottom side,

with the bottom side bejng attached to an end of. the circuit board, and with the bottom side of the
P hotote Rt TG it ErT 5 A8 of e Tads? e

L 218 L . .
[ ase: e]%?ébly, fie top side of the base lies in a
plane thatds sabstantially perpemditblar toasplage en whidlrdaop stdecof the circuit board lies and the

top side Rg&hfn%hgogggecggrdig generally parallel g/yigghqggp&ggg af the base. To facilitate
'photodetéctox is electrically connected to a circuit
on the circuit board and at least a top side df the
_photodetector is photosensitive; a filter having a top
side and 2 bottom side, the bottom side being
positionéd over the top side of the photodetector; and
a radiation source positioned'éver the top'side‘of the

filter.

00147 In some embodiments, the sensing device may
further includes & base having a top side.and a bottom
side, with the bottém 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. Praferably, the top side of the base lies in a
plaﬁe that 'is substantially perpendicular to a plane
on which a top side of the circuit board lies and the
fop side of the photodeiector is generally parallel
with the top side of the base. To facilitate .

" attachment of the base to the circuit board, the
bottom side of the base may have a groove the:ein, and
an end of the circuit board may bé ingerted into ths

groove.

{00157 In other configurations, the top side of the

photodetector lies in a plane that is substantially



attachment of the base to the circuit 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 configurations, the
top side of the photodetector lies in a plane that is substantially S WO 2006/113070
PCT/US2006/311Ws3 1 pdrallel with a plane on which a top side of the circ#CBaArduiggi4elditionally, an
opaque base may be disposed between the radiation source and the filter. The base may be made
from molybdenum. [0016] The above and other features and advantages of the present-invention, as

well as therstructure: and @pgrpg&@@ Qfrpreferred gmgggzli@gggs ofitheypresent invention, are described
in detail helow,wit re;gefpg to the agcompanying drawings. BRIEF. DESCRIPTION OF THE

DRAWIRGS T0b177 ThE accdfripantyitt ralimgsywhich SRF ScorB6RaedRérein and form part of the
specifichtion) iiselp shubtiatt wasioustembodinantsof sthe:presentinygation and, together with the

descriptign,further §g@/ebt§)s%x%gi£; the Qﬂ%p&éol% a ftlgglin%%ntion and to enable a person skilled in the
the

pertinent art to make and use the invention. In rawmsés, fike Feference numbers indicate identical

or functionally similarselemeste. Additionally. the Jeftaostdigit(s)y9f asefergnce number identifies

the drawilpg iﬂ which the reference number first -
ol “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. DESCRIPTION OF THE DRAWINGS

[0CL7] The accompanying drawings, which are
incorporated herein and form part of the
specification, help illustrate various embodiments of
the present invention and, together with the .
description, further serve to explain the principles
of the invention and to enable a peréon skilled in the
pertinent art to make and use the invention. In the
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the
leftmmést digit{s) of a reference number identifies
the drawing in which the reference number first

appears.

[0018] FIG. 1 is a schematic, section view of a
flucrescence-based sensor according to an embodiment

of the invention.

{00193 'FIG. 2 is a schematic, section view of 3
fluorescence-based sensor according to another

embodiment of the invention.



appears. [0018] FIG. 1 is a schematic, section view of a fluorescence-based sensor according to an
embodiment of the invention. [0019] FIG. 2 is a schematic, section view of a fluorescence-based
sensor according to another embodiment of the invention. 6 WO 2006/113070 PCT/US2006/011453
[0020] FIG. 3n¢ avperspgetive, top view of a circuit board according to an @gibodnmest ofshe
invention. [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

accordingptzean embagiment of theiinyentipa+(0A23] FAG. 654 sghematic, section view of a
fluorescence-based sensor acgtgtrg to another embodiment of the invention. DETAILED
DESCRIPTION OF PREFERK BEDIRERTECfHE4 16T 1589 schematic, section view of an
optical-Bavesrdersor ("sensor") 110, according to an embodiment of the invention, that operates
based on_the fluorescence of fluorescent indicator molecules 116. As shown, sensor 110 includes a
sensor HOWRId 112.5éhsdt Hetising Elemady be forméd fron aesuitable; optically transmissive

polymersnateriad.c Bieferredspalymatdpatesials inglude, hut are not

embodiment of the invention.

iaozz2] FIG._S is a schematic, section view of an

assembly according to an embodiment of the invention.

{0023] FIG. 6 is a schematic, section view of a
fluorescence-based sensor according to another

embodiment of the invention.
QETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

(00241 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 moclecules
11¢. As shown, sensor 110 includes a sensor housing
112. Sensor housing 112 may be formed from a
suitable, optically transmissive polymer material,
Freferred polymer materials include, bu£ are not
limited to, acrylic polymers such as

polymethylmethacrylate (PMMA).

100257 Sensor 110 may further include z matrix
layer 114 coated on at least part of the axteribr
surface of the sensor housing 112, with fiuorescent
indicator molecules 116 distributed throughout the
layer 114 (layer 114 can cover.all or part of the

surface of housing 112).



limited to, acrylic polymers such as polymethylmethacrylate (PMMA). [0025] Sensor 110 may further
include a matrix layer 114 coated on at least part of the exterior surface of the sensor housing 112,
with fluorescent indicator molecules 116 distributed throughout the layer 114 (layer 114 can cover.all
or part of thewsurfaeerafousing 112). 7 WO 2006/113070 PCT/1JS2006811458 00026} 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 ‘%% #avelenitftf SHich tAuSES T indRAHIRBIt uFREFE tPfuoresce. Sensor 110 also
includes scphetodelector 120 (e.gl Agphotedinde] nphatotraasistarpphetoresisier or other photosensitive
element)rva\llgi:{:at}lt in the case of a f%]owgesé%%%cg-%aa%%_da sensor, Jis sgqai:ive to fluorescent light emitted by

o t £ ; ;
the indicafor molecules 116 sGch that a signal Is genejr”gt%d blyntﬁe p 16tddetector 120. in response

thereto thad i indicativesst the Yevalofdioreseariaeoshthevintdidatonimotectites. Two photodetectors
120a ang 120b- gre shawndn HGyt i-{lustrate that sensor11Q.may hayedpare than one

photodetector. Source 118 may be implemented using, for example, LED model number EU-
case of a fluorescence-based sensor, radiztion sensor

118 emits radiation at a wavelength which causes the
indicator molecules 116 to fluoresce. Sensor 110 also
inciudes a pﬁotodet@ctor 120 (e.g. a photodicds,
phototransistor, photoresistéx or other photosensitive
element) which, in the case of a fluorescence-based
senscr, is sensitive to fluorescént light emitted by
the indicator molecuies 116 such that a signal is
generated by the photodetector 120 in response thereto
that is indicative of the level of fluoreséence of the
indicator molecules. Two photodetectofsll20a and 120b
are shown In FPIG. .1 to illustrate that sensor 110 may
have more than one photodetector. Source 118 may be
implemented using, for example, LED model number EU-
U32SB from Nichia Corporation (www.nichia.com). Other-
"LEDS may be used depending on the specific indicator

- molecules applied to -sensor 110 and the s?ecific

analytes of interested to be detected.

[ooz271 The indicator molecules 116 ﬁay be coated on
the surface of the sensor body or they may‘be
contained within matrixllayér 114 {(as shown in FIG.
1}, which comprises a bidcompatible polymer matrix
that is prepared accoxding to methods known in the art

and. coated on the surface of the sensor housing 112.



U32SB from Nichia Corporation (www.nichia.com). Other LEDs may be used depending on the
specific indicator molecules applied to sensor 110 and the specific analytes of interested to be
detected. [0027] The indicator molecules 116 may be coated on the surface of the sensor body or
they may be Ve@itdirisdiiithin matrix layer 114 (as shown in FIG. 1), whichCiRpriségiasbiocompatible
polymer.matrix that is prepared according to methods known in the art and. coated on the surface of
the sensor housing 112. 8 WO 2006/113070 PCT/US2006/011453 Suitable biocompatible matrix

materialg,\whigh preferably.aee permeakle 1o the anabieaiaclude:sgme methacrylates (e.g., HEMA)
and hydrogels which, advantageously, can be made selectively permeable-- particularly to the

analyte & LS fGRT aF FioleaRarwERyht tut-teAMERon [BB28 1S 6HEBF 110 may be wholly
self-contsned dny deteravardsgthe sEngor ispseferably gohstruatedhn such a way that no electrical

leads extend into o Qut frthga%e r Hﬁggin&%lé%g%es)g&%er t%@g _sensor (e.g., for driving the

source 118) or to” transmilt signals from the sensor. Rathe nsor 1 .may be powered by an
externaFoWwécsewEe (ndP shbwnjras ishwett kndwn iRMAE are FepeRample, the external power

source maygenesate,a magnetigfieldto 4nduge g.current in inductive element 142 (e.g., a copper coil
or other inductive element). -

[og2gl] Sensor 110 may be wholly self-contained. In
other wofds, the sensor is preferably constructed in
such a way that no electrical leads_eXténd into or out
. of the sensor housing 112 to supply power to the
sensor (e.g., for driving the source 118} or to
fransmit signals from the sensor. Rather, sensor 110
cmay be powered by an external power source (noﬁ
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
coppeﬁ coll or other inductive element).
Additionally, circuitry 166 may use inductive element
142 to communicate information to an - external data
reader. Circuitry 166 may include discrete circult
elements, an integrated circuit {e.g., an apﬁlication
- specific integrated clrcult (ASIC), and/or other
velectronic componentsf. The external power source and‘.

data .reader may be the same device.

[0025] In an alterantive embodiment, the sensor 110
may be powered by an internal, self-contalned power
source, such as, for example, microbatteries, micro

_generators and/or other power sources.



Additionally, circuitry 166 may use inductive element 142 to communicate information to an external
data reader. Circuitry 166 may include discrete circuit elements, an integrated circuit (e.g., an
application specific integrated circuit (ASIC),.and/or other electronic components). The external
power sourc&@ridt@ai-feader may be the same device. [0029] In an alteP&fitiveEditiddiment, the
sensor 110 may be powered by an internal, self-contained power source, such as, for example,
microbatteries, micro .generators and/or other power sources. 9 WO 2006/113070 '

PCT/US2006/011453 OO%OI As shown in F}IG. 1, mar%otc-trqg elﬁctr%gggcal components of sensor
110 are $28afd to a®ir Bartf1 70 Tircuit B6AM4 £70 provi&ese%ommunication paths between the

various epmponentsohseasts1bd. 60341 AS. firtheeillastateedntRiGa 1, optical filters 134a and
134b, such as high pass;or band pass filters, may.cover g,photosensitive side of photodetectors 120a

and 120%, respectively. Filter 134a may prevent or substantially reduce the amount of radiation
generats@ByHhé Sotircs 108 Ho RApIRATY Gifa FHotoSEn AR SIARASS Sfthe photodetector 120a.
At the samgdime 1filter 134a allows fluorescent light emitted by fluorescent indicator molecules 116 to
pass through to strike photosensitive side 135 of the photodetector 120a. This

CT00313 As further illustrated in FIG. 1, optical

filters 134a and 134b, such as high pass or band pass
filterg, may cover a photosensitive'side of
photodetectors 120a and 120b, respectively. Filtex
134a may pfevent or substantially reduce the amount of
-zaéiation generated by the source 118 from impinging
on a photosensitive side 135 cof the photodetector
120a. At the same time, filter 134a allows
filuorescent light emitted by fluorescent indicator
ﬁolecules 116 to pass through to strike photosensitivé
side 135 of the photodetector 120a. This
significantly reduces "noise" in the photodetector
signal that is attributable to incident radiation from

the source 118.

100321 According to one aspect of the invention, an
application for which the semsor 110 was developed --
althoughrby no means the onlylapplication for which it
is suitable -~ is measuring variocus biclogical
analytés in the human bedy. For éxample,lsensor 110
may be used to measure glucose, oxygen, toxins,
pharmaceuticals or other drugs, hormones, and cther
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

10



significantly reduces "noise" in the photodetector signal that is attributable to incident radiation from
the source 118. [0032] According to one aspect of the invention, an application for which the sensor
110 was developed -- although by no means the only application for which it is suitable -- is
measuring vasiousobitlsigical analytes in the human body. For example, sertsoudhsmaysbe used to
measure glucose, oxygen, toxins, pharmaceuticals or other drugs, hormones, and other, metabolic
analytes in the'human body. The specific composition of the matrix layer 114 and the indicator.
molecules 116 may vary depending on the particular 10 WO 2006/113070 PC/US2006/011453
analyte fHesbnstr 110 Beused td Hetectzdiorwhere the semsanis tobe used to detect the analyte

(i-e., in thedlaod-eeinssubauianeous tisses) Preferably. howsyer, matyixlayer 114, if present,

should faigilitate exposyre g{ the indicator molecules to the analyte. Also,"it is preferred that the optical
charactelistics bf e indfcatoPRDIGEUILE @EF CHE Re/RYSf fiddr@seence of fluorescent indicator
moleculés)ieadimctiorhoftes concentrdtiorn efthe spegific anglytestg,which the indicator molecules

are exp%.ﬂ@O%Q]Jg .f@gilggat% use in-situ in the human body, the housing 112 is preferably formed
in a smooth, oblong or rounded $ aopsel.li%v%%talgleeouls?y,%Fﬁ&?%émomcues :
to the analyte. Also, it is preferred that the

optical characteristics of the indicator molecules
(e.g., the level of fluorescence of fluorescent
indicator molecules) be a function of the
concentration of the specific 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,
oblong or rounded shape. Advantageously, it has the
approximate size and shape of a bean or a
pharmaceutical gelatin capsule, i.e., 1t is on the
order of approximately 500 microns.to dpproximately

. 0.85 inches in length L and con the order of
approximately 300 microns to approximately 0.3 inches
in diameter D, with generally smooth, rounded surfaces
throughout. Thisrconfiguration permiis the sensor 110
to be implantsd into the human body, i.e., dermally or
into ﬁnderlying 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 length of

the housing is approx. 0.5 inches to 0.85 inches and a
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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 0.85 inches in length L and on the order of
approximately 300 microns to approximately 0.3 inches in diameter D, with generally smooth, rounded
surfaces threughost: fBhis configuration permits the sensor 110 to be impbanted Muootheshuman body,
i.e., dermally or into 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 length of the housing is approx. 0.5 inches to 0.85 inches and a 11 WO
2006/11B0%6 POTRUS2006f0EM53 preferced diametiandhapprox. 0.1Linches to 0.11 inches. [0035] In
the embediment shown'in FIG. 1, source 118 is elevated with respect to a top side 171 of circuit
board 170. More specifically, in the embodiment shown, source 118 is fixed to.a support member

174, whighdasqtions torelevatecsaisae-ld:s: abeye:side 1#4andito elggtrically connect source 118 to
circuitry _%%abolgrd 1170 sottehgt power can be delivered to source 118. The distance (d) between

source 118°and side 171 gendrally raRGeS Petwlef 0-&Rd 0-650 Hchés Preferably, the distance (d)
ranges Béweer0/0d8:ahd 0020 MchessSuppdieneémper 174the

embodiment shown, source 118 is fixed to.a support
member 174, which functions to elevate source 118
above gide 171 and to electrically connect source 118
to circuitry on board 170 so that powsr can be
delivered to source 118. The distzance {d} between
_'souxce‘118 and side 171 generally ranges between O and
0.030 inches. Preferably, thé distance (d) ranges
between §.010 and 0.020 inches. Support member 174
may be a circuit board. Ci:cuit board 170 may have a
groove 180 for receiving a proximal end 173 of member
174. This feature is further illustrdted in FiG. 3,

- which is a perspective, top view of board 170.

[00386] In some embodiments, support member 174 may
include an electrical contact 158 (e.g., & conductive
pad or other device for conducting electricity)
disposed con a surface thereof and electrically
connected to source -118. The contact 158 electriﬁally
connects to a corresponding electrical contact 157 '
that may be disposed_in groove 180 through an
electrical interconnect 159 {e.g., & circult trace or
other transmission line). Contact 157 may be
electrically connected to circuit 166 or other circuir

on circuit board 170, Accordingly, in some
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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 board
170. [0036] In some embodiments, support member 174 may include an electrical contact 158 (e.g., a
conductive pad prethesidevice for conducting electricity) disposed on a urfacszthereoisand
electrically connected to source 118. The contact 158 electrically connects to a corresponding
electrical contact 157 that may be disposed in groove 180 through an electrical interconnect 159

(e.g., a cirguit frace Qr otQ%r anst ission line). Contact 157 may be electrically connected to circuit
166 or other circuit oﬁ'circuﬁ oar 1%16 %\Ec%ord:lﬁé:@/,‘irfﬁi“r%e%%%ﬁﬁﬁﬁ%htmom

PCT/US2666/t1253% 6fbetiments, there is an electrical path from circuit 166 to source 118. [0037]

As furth I hown in FIG. 1, a reflector 176 may be attached to board 170 at an end thereof.
Preferal:%y reflector 178 iS AHaRREd B BGard 1780 that & 18 pEHERAZL 7 6f reflector 176 is
generallyaperpendicutariteside 1B8dant faces:souree 448. Preferably, face 177 reflects radiation

face 177 oy b SoneEeio e s e TS 0036l ReTéhind haty o photodetectors 120.
that a face portion 177 of reflector 176 is generally :
perpendiéular to side 171 and faces éource'llB‘
Preﬁerably, face 177 réflécts radiztion emitted by
source 118. For example, face 177 may have a

reflective coating disposed thereon or face 177 may be

constructed_from,a reflective material.

[0038] Referring now to photodetectors 120,
photodetectors 120 are preferably disposed below a
.1regio§ of side 171 located between source 118 and
reflector 176. For example, in some embodiments,
photodetectors 120 are mounted to a botiom.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 176, a hole for eééh photodetector ‘120 is
preferably created through board 170. This is
illustrated in FIG. 3. As shown in FIG. 3, twoAholes
301la and 301b have been created in board 170, thereby
providing a passageway for ;ight from indicator
moiecules 116 to reach photodetectors 120. The holes
in circuit board 170 may be created by, for example,
drilling, laser machining and the like. Preferably,
each photodetector 120 is pqsitidned such that light

entering the hole is likely to strike a photosensitive
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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 118 and reflector 176. In
embodimentswyhese1therphotodetectors 120 are mounted to bottom side ¢5naf:bward 470, a hole for
each photodetector 120 is preferably created through board 170. This is illustrated in FIG. 3. As
shown in FIG. 3, two holes 301a and 301b have been created in board 170, thereby providing a

passageway for light from indicator molecules 116 to reach photodetectors 120. The holes in circuit
board 1‘?&8%337) ée EPeeatgé%@?%rtéafaﬁﬁﬁle?‘c?ﬁlliﬁ& 588" PhatRininG and the like. Preferably, each
photodetécter. L2G s positiondd sudhhatight senfesingrtherhole s kel tmstrike a photosensitive 13

WO 200ﬂ]glrgp7&@%@&{5-289@[9&&&@&%@ ofthe photodetector 120, as shown in FIG. 1. This

technique also diminishes the amount of ambient light striking photodetector 120. [00391 As further.

illustrategbipdd§s. 1, eash hole Haboard d4:0-neybei gontain afiltee 134 sothat light can only reach a
photodetector 120 b assin)% through the corres_pondin%filter 134. The bottom side and all sides of
the photbdefsetde 120°nisy b Boaratfiith “biack tight Bocking eptky L9G i further diminish the

amount ckambient lighé strikingpphotatietectoo 12020 by passing through
the corresponding filter 134. The bottom side and all
gides of the photodetectors 120 may be covered with
black light blocking epoxy 190 to further diminish the
amount of ambient light striking photodetector 120.

fO040] In one embodiment, phétodetector 120a is
used to produce a signal corresponding to the light
emitted or adsorbed by indicator molecules 116 énd
- photodetector 120b is used to produce a reference
signal. In this embodiment, a flucrescent element 154
may be positioned on top of filter 134b. Preferably,
fluorescent element 154 fluoresces at a predeterminad
wavelength. Element 154 may be made from terbium or
other fluorescent element that fluoresces at the
predetermined wavelength. In this embodiment, filter
'134é‘and filter 134b filter differené wavelengths of
"~ light. For example, filter 134a may fiiter
wavelengths below 400nm and filter 134b may filter

wavelengths below 500nm.

iOOéi} Referring‘now to PIG. 2, FIG. 2 illustrates
a sensor 210 according to anéther embodiment of the
invention. As shown in FIG. 2, sensor 210 is similar
to senscor 110. A primary differehnce being that

reflector 176 is replaced by a support member 202,
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[0040] In one embodiment, photodetector 120a 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. Preferaptyzodtunmeseent element 154 fluoresces at a predetermined paanaiangihistement 154
may be made from terbium or . other fluorescent element that fluoresces at the predetermined
wavelength. In this'embodiment, filter 134a and filter 134b filter different wavelengths of light. For
example, filter 134a may filter wavelengths below 400nm and filter 134b may filter wavelengths below
504nm. OO REfSHARGFowrto ERG 28 % Afishiates adéh&t® 16 according to another
embodiment-6f theurvention. As showarin Fi. 2 sensen2d:issimilarda sensor 110. A primary
difference being that reflector, 176 is replaced by a support member 202, 14 WO 2006/113070
PCT/US%BB@R)%IJ%D W%Ifcr?i;s%cc}r?né‘:c %g o] %Cr?dwfﬁ og boar qfﬂg and 8%/\7hich source 118 is fixed. In
this emidodiment Ghel-sappoitimeril 4740 répladedswith aaéllector299. Like reflector 176,

reflector2Q9.has a refleqtive, face 211.that faces sowae 148 Addifionally,s that photodetector 120a

remains closer to source 118, photodetector 120a may switch places with photodetector 120b and
ﬁher1345%%%9@@%&9Fﬁﬁcé§03 remains closer td source 118,

photodetector 120a may switch places with
photodetector 120k and filter 134a may switch places
with filter 134b. Fluorescent element 154 may also be
re-positicned so that it femains on top‘pf filter

134b.

FO0427 - As shown in FIGS. 1 and Z, in some
embodiments, indicator molecules 116 may be positionesd
only in a region that is above & region 193, which

region is between source 118 and reflector 176.

[0043]  Referring now to FIG. 4, FIG. 4 is a
schematic, 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 positioning of source 118,
photodetector 120a and filter 134a in sensor 410 1is

different than the positioning in sensor 110.

100447 As shownlin FIG. 4, a basé 412 is mounted to
an end-413 of circult board 170. & top side 414 and
bottom side 416 of base 412 éach may ilie in a planse
that is generally perpendicular to a plane in which
side 171 of board 170 lies. Bottom side 416 may have

a groove.418 therein that receives end 413 of board
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with filter 134b. Fluorescent element 154 may also be re-positioned so that it remains on top of filter
134b. [0042] As shown in FIGS. 1 and 2, in some embodiments, indicator molecules 116 may be
positioned only in a region that is above a region 193, which region is between source 118 and
reflector 176 WOQ4B3! Referring now to FIG. 4, FIG. 4 is a schematic, sectigriiviémuwfiangptical-based
sensor 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 134a_]in sensor 410 ig %ifferen than the p ,sitioning) in se %%[r 110. [0044] As shown in FIG. 4, a
base 412 18 moli8a Y5 an BndAT3 ot GiFifit boArd £70'°A Stop Sid& 214%™ bottom side 416 of base

412 eachnay 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 groove 418 therein that receives end 413 of board 15 WO
2006/118098FCT/US2006/0% 12550178 2Crod\rer 4 b8 facilatestfiiig Bade 412 to board 170. [0045]

Photodetecior 120a4rayhednaunted ¢n-iap side ¢ 140f haseA4laRyeferably, photodetector 120a is
mounted on base 412 so that photo ensitiv%side 35 of photodetectaor 12%a3'é_ies in a plane that is

generally DERSREEaY to HE BlanenWnERAIg 7105 ot cive s1ds

of photodetector 120a lies in a plane that is
i g@nerally‘perpendicular to the plane in which side 171
of board 170 lies and faces in the same direction as

top side 414.

EOG46] Filter 134a is preferably disposed abbve
side 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. Fdﬁ-example, a _
refractive index {(RI) matching epoxy 501 (see FIG. 5)

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

[0047] In some embbdiments, 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 contact 471 and a second electrical
contact 472 are disposed on side 414 of base 412. A
rwirg 473 (or othex electrical connector) preferably
electiically connects phoéodetector 120a to electrical
contact 471 and a wire 474 {(or other electrical
connector) preferably electrically connects source ilg
to electrical contact 472. <Contact 471 electrically
Aconnecﬁs to a corresponding contact 475 via an ‘
electrical interconnect 476. Similarly, contact 472

electrically connects to a corresponding contact 477

16



of board 170 lies and faces in the same direction as top side 414. [0046] Filter 134a is preferably,
disposed above side 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 example,
a refractive mae2o0¢&1)3matching epoxy 501 (see FIG. 5) may be used to fpcfiltesza@#4a tesphotodetector
120a. [0047] 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 contact 471 and a
second electrical contact 472 are, disposed on side 414 of base 412. A wire 473 (or other electrical

connectsipreferabfF eféctidalhPEsineats HHotddétectdrorpoaibelédivical tontact 471 and a wire
474 (or gthergleotdeab conpectonspreferably gleatiacally eannests soureesk18. to electrical contact

472. Contact 471 electri_cagy ,connects 4t A corcreglggré%igg ﬂ)gtac},leﬁ \éi&} aE? electrical interconnect
476. Simifarky TBntadt 472" ISRACAIR, Connect§ 6 & correspontling ¢ontatt 477 16 WO 2006/113070

PCT/US20061011A53l wizanretettridaltinterconnétt 478. Contatis=475;i47are preferably disposed on
the end of baaid 170 thal, jsinseed il guopue 418, Canizcis.A75, 477 may be electricall

connected to circuit 166 or other circuit on circuit board 170. Accordingly,, in some
embodiments, base 412 provides a portion of an
‘electrical path from circuit 166 to source 118 and/or

photodetector 120a.

[0048]  Referring now to FIG. 'S, FiG. 5 further
illustrates the arrangement of photodetector 120a,
Filter 134a and source 118%. As shown in FiGS. 4 and
5, source 118 is mounted on a top side 467 of filter
-134a. Accordingly, as shown in FIG. 4 and 5,
photodetector 120z, filter 134a and scurce 118 are
aligﬁ@d. That is, as shown in FIG. 5, both filter
134a and soﬁrce 118 are each disposed in an area thaﬁ
is ovey at least a portion of photosamsitivé-side 135

of photodetector 1ZCa.

E§049} Preférably, & non-transparent, non-
translucent base 431 is disposed between source 118
and filter 134. Opague base 431 functions to prevent
light emitted from source 118 from striking side 467
of filter 134a. Base 431 may be a gold-clad~
molybdenum tab (molytab) or other opague structure.
Epoxy 535 may be uséd te fiz scurce 118 to base 431

and base 431 to filter 134a.

[C0501] Preferably, in this embodiment, source 118
is configured and oriented so that most of the light

transmitted therefrom is transmitied in a2 direction .
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embodiments, base 412 provides a portion of an electrical path from circuit 166 to source 118 and/or
photodetector 120a. [0048] Referring now to FIG. 5, FIG. 5 further illustrates the arrangement of
photodetector 120a, filter 134a and source 118. As shown in FIGS. 4 and 5, source 118 is mounted
on a top sidewi6 Zoobfiltmro134a. Accordingly, as shown in FIG. 4 and 5, nkotodetertorik20a, 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 portion of photosensitive side 135 of photodetector
120a. [0049] Preferably, a non-transparent, non- translucent base 431 is disposed between source

118 and'fifer L34 0padGe babe £%1 RINMBnd To PF&Fent*ligh®mitted?ém source 118 from striking
side 467=oifilier]34a. Base 433-naydeta goldqalad:meolybderumdsab (molytab) or other opaque

structure, Epoxy 555 bg sed 1o fix, source 1 ase 431 and b 431 to filter 134a. [0050]
Prefera &ﬁngtﬁé még%ﬁjeﬁt% s%a}qcaerflsS 5 con |gé%epd 3%d %?i%ﬁ%@ogs? F'i)‘"ait most of the light
transmitfeeetherafrom is troHsraitted inaldifecdiph 170Wa 200644397 0PCFIS2006/011453 away

from side #4675 gsishown Nh1GS1 4 and-s Rar examples in the.gmbediment shown, the light is

primarily directed towards an end 491 of housing 102. )
from source 118. As discussed above, indicator

-molecules 116 will respond to the received radiation,

. andAthe-response will be a function of the
concentration of the analvite being measured in the
region of the indicator molecules 116. Photodetector

120a detects the response.

[o051] Referring now to FIG. 6, FIG. 6 is =a ‘
séhematic, secticon view of an optical-based sensor
610, according to another embodiment of the iﬁveﬁtion.
Sensor 610 includes many of the same components as
‘sensor 1160, Aiso,‘senéor 610 is similar to sensor 410
in that, Iin sensor 610, photodetector 120a, Ffilter
134a and source 118 are preferably aligned. Eurtﬁérf
-like in sensor 410, in sensor 610 filter 134a may be
fikedly mounted on side 135 of photodetector 120z and
source 118 may be fixedly mounted on side 467 of -
 filter 134a, and the photodetector 120a,rfiiter 134a,
source 118 assembly may be located adjacent‘an end 481

of housing 102, as illustrated in FIG. 6.

{bos2] However, the orieﬁtation of source 118,
photodetector 120a and filter 134a in sensor 610 is
different than the orientation in senscr 410. = For
éxampie, in sensor 610, side 135 of photodetector 125&

faces in a direction that is substantially
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Preferably, indicator molecules 116 are located on end 491 so that they will receive the radiation
emitted from source 118. As discussed above, indicator molecules 116 will respond to the received
radiation, and the response will be a function of the concentration of the analyte being measured in
the region oftbednédiaatos molecules 116. Photodetector 120a detects thesgapnnerd891] Referring
now to FIG. 6, FIG. 6 is a schematic, section view of an optical-based sensor 610, according to
another embodiment of the invention. Sensor 610 includes many of the same components as sensor
110. Also, sensor 610 is similar to sensor 410 in that, in sensor 610, photodetector 120a, filter 134a
and soUPEE REBAHE plaferably Byt EhREL ike i denSr A2 3488ni8R610 filter 134a may be
fixedly meunted ansside, 13mokphetedetecior ¥20a and1 seurcentl@ may be fixedly mounted on side

467 of filter 134a, and the P Ootodetecgo.r 120a1 filter, 134a, source %]18?§sembly may be located

adjacen?%ﬁ%%%ew Sthalisirg 105, &< fitstrated el % However, the orientation of

source 7.8 phivtadétestor 420arand fiker 34w irisensor 61G:isediffeténethian the orientation in

sensor 410, For example, in sensqr610. gide I3e.0fphotadgtestor.120a faces in a direction that is
substantially 18 WO 2006/113070 PCT/US2006/011453 perpendicular to the longitudinal axis of
housingdigzectly fized to end 413 of boaxrd 170.

[O0531 in dne or more of the above described
embodiments, housing 102 may be filled with a material
to keep the cbmponents housed in housing-loz from

| being able to move arsund. For eﬁample, housing 102
may be filled with én optical epoxy either before or
after board 170 and the components attached thersto
are inserted into housing 120. EPO-TEK 301-2 Epoxy .
from Epoxy Technology of Billerica, MA and/or other

epoxles may be used.

100547 While various embodiments/variations of the
present invention have been described above, it should
be underétcod that they have been presented by way of
example only, and not limitation. Thus, the.br@adﬁh
and scope of the present invention should ndt be
limited by any of the above-described exemplary
embodiments, but should be defined only in accordance

with the following claims and their eguivalents.



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 waydve/filbediwith a material to keep the components housedrirhousing 192 from being
able to move around. For example, housing 102 may be filled with an optical epoxy either before or
after board 170 and the components attached thereto are inserted into housing 120. EPO-TER 301-2
Epoxy, from Epoxy Technology of Billerica, MA and/or other epoxies may be used. [0054] While
various 8MBddikferteAanatonS of the present invention have been described above, it should be
understood that they have been presented by way of example only, and not limitation. Thus, the
breadth and scope of the present invention should not be limited by any of the above-described
exemplary embBodimeits, i shoutdbe idefinesordy v ageartiaaceswith the following claims and their

equivalegtgt_ é8é’i’%@%@%%%l&%@él{s%%%@Q&%éé%V\ghat 71:3 g!.?imed is: 1. An electro-optical

sensing device for detecting the presence or concentration of an anaﬁ%}%%?ﬂprising: a housing
having afi‘StReér siirface; : o

a housing having an outer surface;

‘ a2 plurality of indicator molecules located‘on at
least a portion of the outer surface of the housing;

a circuit boardAhoused within the housing;

a support member having a side that lies on a
plane that is substantially perpendicular to a plane
on which a top side of the circuift board lies;

a radiation source attached to said side of *the

- support member and positioned a distance above the top
side of the circuit board; and o
a2 photodetector connected tolthé circuit board

for detecting a response of the indicator molecules.

2. The sensing device of claim 1, wherein said
circuit board has a groove in the top side thereof and

said support member has an end inserted into said

‘groove.

3. The sensing device of claim 1, wherein the
distance ranges between about £.010 inches and 0.030

inches.

4. The sensing device of claim 1, further

comprising a reflector spaced apart from the radiation
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a plurality of indicator molecules located on at least a portion of the outer surface of the housing; a
circuit board housed within the housing; a support member having a side that lies on a plane that is
substantially perpendicular to a plane on which a top side of the circuit board lies; a radiation source
attached to s@itt gideietitie support member and positioned a distance abavethmtep: sigke of the
circuit board; and a photodetector connected to the circuit board for detecting a response of the
indicator molecules. 2. The sensing device of claim 1, wherein said circuit board has a groove in the

top side theéggf agd dseggéug ort ryggibeéthas an egd'igﬁerted into said groove. 3. The sensing
device ofsglal‘me.t, Wherein the ﬁstance_ ?and‘évsebgﬁlvéaen 4B5ut'G 626 ifidfes and 0.030 inches. 4. The

sensing devitevfetairrbfuether comprising a reflector spaced apart from the radiation 20 WO
2006/113070 PCT/US2006/011453 source and having a reflective side that faces the radiation
source. 5. The sensing device of claim 4, wherein the photodetector is positioned in a location
beneath a region betw&&n A& YadrtiSH Sotfce Andtheteflectives SRienoftihe reflector. 6. The sensing
device obulatmds yherein he positionsd in a location beneath a

region between the radiation source and the reflective

- side of the reflector.

6. The sensing devicé of claim 5, wherein the
photodetector has photosensitive side that faces in a
‘direction substantially perpendicular to the direction

that the raeflective sgside of the reflector faces.

7. The sensing device of claim &, wherein the
photosensitive side of the photodetector is positioned.

below_the top side of the circuit board.’

8. The sensing device of claim 7, wherein the
circuit board has a hole that extends from the top

side to a bottom side.

S. The sensing device of claim 8, wherein the
photodetector is attached to the bottom side of the

circult board.

-10. The sensing device of claim 4, wherein said
circuit poard has a groove in the top side thereof and

said reflector has an end inserted intc said groove.
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photodetector has photosensitive side that faces in a direction substantially perpendicular to the
direction that the reflective side of the reflector faces. 7. The sensing device of claim 6, wherein the
photosensitive side of the photodetector is positioned below the top side of the circuit board. 8. The
sensing devigeocafugkaino7y wherein the circuit board has a hole that extendefromota@iogsside to a
bottom side. 9. The sensing device of claim 8, wherein the photodetector is attached to the bottom
side of the circuit board. 10. The sensing device of claim 4, wherein said circuit board has a groove in
the top side thereof and said reflector has an end inserted into said groove. 21 WO 2006/113070
PCT/US2006/0112453 1%, FRBSEMIingdevice OF cifrL Whetdh Bat Blectrical contact is disposed
on a surfacesdf tHesstippert memberand the cadiptisnSovirceisselecireallysconnected to the electrical

contact. |1 eTQSg%?&P%Q%g% oglgé@i%:élxvgg%%i@.the first electrical contact is electrically

connected to a $écond electrical contact disposed o the circuit board. 13. The sensing device of
claim 12&ftier earhprisitia efear tiaeedispesa-bn oralithintiie Support member that functions to
electrically connect the-first electrical contact with the second

12. The sensing device of claim 11, wherein the
- first electrical contact 'ls electrically connected to
a second electrical contact disposed on the circuit

board.

‘ 13. The sensing device of claim 12, further
comprising a ciﬁcuit trace disposed.on or within the
suppert member that functions to electrically connect
the firét electrical contact with the second

electrical contact.

14. 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 moleculés located on at
ieast a portion of the outer surface of the housing;
a circuit board housed within the housing:

a photodetector having a top side and a bottom
side, 'wherein the photédet@ctor is electrically
connected to a circuit on the circuit board and at
léast_a top side of the photeodetector is

photosensitive;
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electrical contact. 14. 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 housed within the housing; a
photodetectowbavinmg edop side and a bottom side, wherein the photodetectovie@iectiically
connected to a circuit on the circuit board and at least a top side of the photodetector is
photosensitive; 22 WO 2006/113070 PCT/US2006/011453 a filter having a top side and a bottom
side, the botton;l 's%delggirrlgn%%sitioned over the.top sige of the photodetector; and a radiation source
positioned over the top Sidé of tha filter. P5 SHRE seRSofoPdaim™ 45 ##fHer<6mprising a base having
a top sidecditdba boitdem bigh the boitbhvrside bemy attachedtosanendfofihe circuit board, wherein
the bottom sidgsetthe-phatodgtector is mounted on the top side of the base. 16. The sensor of claim
15, wherein the top side of the base lies in a plane that is substantially perpendicular to a plane on
which a top sid@ dfife 3&it@lit FeartAfegositionad over the top side

of the filter.

15. The sensor of claim 14, further comprising. a
base having a top side and a bottom side, the bottoﬁ
side being attached to an end of the circuit board,
wherein the bottom side of the photodetector is

mounted on the top side of the base.

l6. The sensor of claim 15, wherein the top side
of'the base lies in a plane that is substantially
perpendicular to a plane on which a top side of the

circuit board lies.

17. The sensor of claim 16, wherein thé top side
.of the photodetector is generally parallel with the

top side of the base.

18, The sensor of claim 15, wherein the bhottom
side of the base has a groove therein, and the end of

the circuit board is inserted into the groove.

18. The sensor of claim 15, further cémprising:

a first electrical contact disposed on the base:

and
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17. The sensor of claim 16, wherein the top side of the photodetector is generally parallel with the top
side of the base. 18. The sensor of claim 15,. wherein the bottom side of the base has a groove
therein, and the end of the circuit board is inserted into the groove. 19. The sensor of claim 15, further
comprising: adirsb@mstrical contact disposed on the base; and 23 WO 2@Q@6/13304011453
PCT/US2006/011453 a second electrical contact disposed on the base, wherein the photodetector is
electrically connected to the first electrical contact, and the radiation source is electrically connected

to the second gegg@g)llao%tf%:e@rgi Ja@ %%lglscfgcocf cégi%)e%%\ghg{lei%ge first_electrical contact is

electrically connected to a thir ctrical contact dispo on the circuit %%gcrad and the second
electricaléGiitaétis electrically connected to a fourth electrical contact disposed on the circuit board.

21. The sensorof £laim20.fuber somprising a+ eireuit trace dispased.pn- gr within the base that
functions fo electrically connect the first electrical contact with the third electrical contact and the

second elactricalr Eontactwith 1& fo itk Efettrica™ dontact.

the radiation source is electrically connected to

" the second electrical contact.

20. The sensor of claim 19, wherein the first
electrical contact is electrically connected to a
third eléctrical cpntact dispocsed on the circuit bhoard
and the second electrical contact is electrically
connected to a-fourth electrical conﬁact disposed on

the circuit board.

21. The sensor of.claim 20, further comprising a
circuit trace disposed on or within the base that
functicns to electrically connect the first electrical
contact with the third electrical contact and thé

second electrical contact with the fourth elesctrical

~contact.

22. The sensor of claim 14, wherein the top side
of the photodetector lies in a plane that is
substantially parallel with a plane on which a top

‘side of the circuit board lies.

23. The sensor of c¢laim 14, further comprising
an- opague base disposed between the source and the
filter.
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22. The sensor of claim 14, wherein the top side of the photodetector lies in a plane that is
substantially parallel with a plane on which a top side of the circuit board lies. 23. The sensor of claim
14, further comprising an opaque base disposed between the source and the filter. 24 WO
2006/11307GxRGH#k/52006/011453 24. The sensor of claim 23, wherein thehaspeanpLses
molybdenum. 25. The sensor of claim 14, wherein the filter is fixed to the photodetector using an
epoxy. 26. The sensor of claim 25, wherein the epoxy is disposed between the bottom side of the filter
and the top side of the photodetector. 27. The sensor of claim 26, wherein the refractive index of the
epoxy matches the refractive index of the filter. 28. The sensor of claim 14, wherein the radiation
source is a light émittifgsicges98 of claim 23, wherein the base

comprisas molybdenum.

25. The sensor of claim 14, wherein the filter

is fixed to the photodetector using an epoxy.

26. The sensor of claim 25, wherein the epoxy is
disposed between the bottom side of the filter and the
top side of the photodetector.

27. The sensor of claim 26, wherein the
~refractive index of the epoxy matches the refractive

index of the filter.

28. The sensor of claim 14, wherein the

radiation scurce is a light emitting diode. -
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