Opti cal - Based Sensi ng Devi ces BACKGROUND OF THE | NVENTI ON [ 001] Field of
the invention [002] The invention relates to el ectro-optical sensing

devi ces fwop 20@tmg8é7ong the presence or . concentration ofpcarysasmaloyisgsin a

| iquid or gaseous nedium Mre particularly, the invention relates to (but
is not in all cases necessarily linmted to) optical -based sensing devices
which are characterized by being totally self-contained, with a snooth and
rounded obl ong, ov8PtieplcPprppei €8RS3REpESVECES, a bean- or pharnaceuti cal
capsul e-shape) and a size which permt the device to be inplanted in humans
for in-situ detection of various analytes . [003] D scussion of the

Background [004] U. §acRakou: orSrk7 iR di scl osure of which is
i ncorporated herein éy rePerence escribes a fluoresce ce-based sensing

devicggpggngsi@geﬁgdk%aégéaggggggkgi and a photosensitive elenent, e.g., a

phot o road ng, 1n the context of the field of the
present inventign, i.ndicat.or nolecul es ar | ec! e or nore optical
charanggﬁstics%gF %ﬁﬁ@ﬁ%ﬁ PoF CArE S&f 80?23g%§%t% %ﬁS%a presence of an
anal ytsenshngt be vdewisc & cac eeitdictd nigo tHeSprRatenddo 015, 517, 313, a |ight
source, e.9., a light-emtting diode ("LED'), is |located at |east partially
Wi t hi goacentration 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) and a size

which permit the device to be implanted in humans for

in-situ detection of various analytes.
[003] Discussion of the Background

[004] U.S. 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 element, 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.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



| ayer of material containing fluorescent indicatornolecules or,
alternatively, at least partially wwthin a wave gui de | ayer such that

radi at i onwOl2o@intiyo7em tted by the source strikes and caupes/usb@eciondissat or

nol ecul es to fluoresce. A high-pass filter allows fluorescent light emtted
by the indicator nolecules to reach the photosensitive el enent

(phot odetector) while filtering out scattered |i, framt.he |ight source.
[ 005] TP @Cp}iﬁér 8§Ceﬁg§e5f1a§ﬁé(egﬁ(di'8§t 3?‘3 |é’@6|tégqgﬁ’p|w&%’&“i n the device
descrigbgdvien gHiSe PalerNeuch 2hat3i3distiedul @tigt)i <gittaid enuated or

enhanced, by the |ocal presence of an analyte. For exanple, the orange-red
f | uor ¥c&hee selrChe SEaresx and sEASES FhghdR@CRECTD- phenant hrol i ne)

rut heplyiGhls RET (G0kate | 8 quenched by e, agalogy esence of oxygen.
Theretore, this conplex can be us vant ageousl'y as the indicator

nol ecdlleoire sarnaxydents enddarted hgi ¢hieo i ndilcadwlre molfeasda 4 uor escence
properties are affect

d by var.ious _other anal ytes are known as well. [006]
Furth@PnﬁF@Fhiﬁ c P51 &%P@? ﬁﬁ@@ﬁn§b§8 Q%%ﬂﬁc %hlthe | evel of
absor phiiar Beilre ahleched dustihe o asemee Moncaneentiatd on of an anal yte,
are al so known. See, for exanple, U S. Pat. No. 5,512,246, the disclosure
of whiseiLice i ncor porated by reference, which discl oses conpositions whose

spectral responses are attenuated by the |ocal
[005] The fluorescence of the indicator molecules

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

- by the local presence of an analyte. For example, the
orénge—red fluorescence of the complex tris(4,7-
diphenyl-1,10-phenanthroline) ruthenium(II) perchlorate
is quenched by the local presence of oxygén.
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 known as well.

[006] Furthermore, indicator molecules which

. absorb light, with the level of absorption being

" affected by the presence or concentration of an
analyte, are also known. See, for example, U.S. Pat.
.No. 5,512,246, the disclosure of which is incorporated
by reference, which discloses compositions whose
speétrél responses are attenuated by the local
presence of polyhydrokyl compounds such as sugars. It
is believed, however, that such light—absorbihg

indicator molecules have not been used before in a



presence of pol yhydroxyl conpounds such as sugars . It is believed,
however, that such |ight-absorbing indicator nolecul es have not been used
before i nwezessasoeonstruct |ike that taught in U S. PaPcTNS2006/09L%3 313 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

nol ecuyl .S perneable.to th nal yte. Thus, the analyte can diffuse into
t he né?g%?&]CPP8§FP & &&%Foﬁﬁ&%n%aﬁggF ﬁﬁd%uﬁr_?ﬁ@re@é'affeptlng t he
fluorescencelaf otheni Bdiseakor Fohetuhes. abhe ahigght naewrce, indicator

nol ecul e-containing matrix material, high-pass filter, and photodetector

are cqobi7gur ed suchnthabnkbyoueseenbeld ght vemi t bag byt he indicator
nol ecul es iggacts t he photodetector such that an electrical signal is

gener 8t €d 'v RS i §henBREariad vhiche contedmtsr &hiconndficelteranal yte in the
surrngqggglggdgggkekgggkléggos@B%|g%aq§¥%ceT escribed in U S Pat. No.

5,517,313 repre S a mar I nprovene dverugévF &s which constitute
pri or aartlyiet kanesipéctiseoibt 8. tRat maNeris15¥Foml3heTher e has, however,

remai ned_a need for sensars th permt the detection of various anal ytes
in an“8xtPrE F?gi£ﬁ8§t3ﬁglgﬂwi$gﬁ %ﬁ atfRE it "Body. Moreover, further
ref i ngmesteshaveebeen thadentnchie f ghdcuwhischrhelf hagpgnts have resulted in

smal l er and nore 4 ‘
source, indicator molecule-containing matrix material,
- high-pass filter, and photodetector are configured
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 surrounding

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.S5. Pat. No. 5,517,313. There has, however, remained
a need for sensors that permit the detection of
‘various analytes in an extremely important
envifonment——the human body. Moreover,.further
iefinements have been made in the field, which
refinements have resulted in smaller and more

efficient devices.

[009] U.S. Pat. Nos. 6,400,974 and 6,711,423, the
disclosures of which are incorporated herein by
reference, each describe a fluorescence-based sensing

device comprising indicator molecules and a



efficient devices. [009] U S. Pat. Nos. 6,400,974 and 6, 711, 423, the

di scl osures of which are incorporated herein by reference, each describe a
f 1 uor escewoeslansgiosensi ng devi ce conpri sing indicator wolrasules1ass
aphotosensitive elenent that is designed for use in the human body. SUMVARY
OF THE | NVENTI ON [0010] In one aspect, the present invention provides an

el ectro-optical sensing device. In one particul ar enbadi nent, the sensing
devi c@hPHEPGREL T 1Y en6dEMRG thAYRkg 18n d65tenesuirac&sealp 8 ity of

i ndi cat@annpbagul es located on at |east a portion of the outer surface of
the housing; acircuit board housed within the housing; a support nenber

havi ng a side that 'iéﬁ%ﬁﬁk%‘dﬁrﬁﬁttfﬁWEﬁﬁléﬁbStantia"y perpendi cular to a
e of the circuit,

pl ane on which a top si oard lies; a radiation source

attacggglbg thelﬁngepgsgggtsuggggEggggg%ri%@%ggg§jtioned a di stance above

the top Sside of e circart bo a photo etector connected to the
Ci r cuptrobdded har edeicecb-opgtdcradspensdnof dickd ciendi cat enenol ecul es. [ 0011]

Advant agequsly, to facilitate_ attachnent of the support nenber to the
circupﬁgg6§Pg¥rt 8%F@§' 'ngFdsﬁﬁﬁlﬁﬁvgeglﬁﬁo UseSHe 2 op si de t her eof

and t heusYRBOhhvARGLEN BRYchake rancenda paerted tynt the groove.
indicator molecules located on at ieast 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 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 molecules.

[0011] Advantageously, to facilitate attachmgnt of
the support member to the circuit béard, the circuit
board may have a groove in the-toplside thereof and
the support meﬁber may have an end inserted into the

groove.

[0012] The sensing device may further ihclude 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.



[0012] The sensing device may further include a reflector that is spaced
apart fromthe radiation source and that has a reflective side that faces

t he radi avoaoosgase7ee. The phot odet ector nay be positi onedrius2@eloonas i on
beneath a regi on between the radiati on source and the reflective side of
the reflector.[0013] In another enbodi nent, the sensing device includes: a
housi ng having an outer surface; a plurality of indicator nolecules |ocated
on at [o@dst] a pamt aowtbfert Renbautierendyr ftdee sehstilgy Wrusiary; a circuit board

housed wi.thin the housing; a .photodetector having a top side and a bottom
side,%Hﬁ%qggﬁ'tﬁehﬁﬁﬁFﬁﬂgggﬁFﬁﬁ'ﬁ? @é%ﬁ%is EVx%oﬁhected to acircuit on

the cigiGiiat iRQald andidladfasioiadarssildeAfed e photiadatiector is
photosensitive, a filter having.a top side and a bottom side, the bottom
si de IPsimtg-opoSitt itdwee @UdaET Eﬂﬁ%f‘atc@p ddoh e hotdodet ettt vt ; and a

' adi at] . S ULEE POTIHINGhL (RIudiiy { OP AL Hedhind I ter, [0014] In some

;
enbodiment's, the sensing device may Turther base having a top
si de andriadel ttap Sidk amd ke tduetoot tdrdesi déhebmiing @te¢ ached to an end of

the circuit board, and wi.th the hottom side of the photodetector being
mount &PGPIHETTSF ﬁsdf%cmﬁé: e.ngrneefcg:reach%R 3 He'tOp"5i de of the base

lies idh ary ane-diat douubatantd aldastper paislisidarot ocige pl ane on which a
top side of the circuit board lies and the , ,

_photodetector is photosensitive; a filter having a top

side and a bottom 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.

[0014] In some embodiments, the sensing device may
further include a 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. Preferably, the top side of the base lies in a
plaﬁe that is substantially perpendicular to a plane
on which a top side of the circﬁit board lies and the
fop side of the photodetector 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 therein, and
an end of the circuit board may bé inserted into the

groove.

[0015] In other configurations, the top side of the

photodetector lies in a plane that is substantially



top side of the photodetector is generally parallel with the top side of
the- base. To facilitate attachnent of the base to the circuit board, the
bot t om siwe 20d¢/t1bobase may have a groove therein, and aatasdocsioridbe
circuit board nmay be inserted into the groove . [0015] In other _
configurations, the top side of the photodetector lies in a plane that is
substantiallyparallel with a plane on which a top side of the circuit board
| i es.P"’NEI%I}r]EGF%rPQtF}}/,a dnt¥pageie Wakeh naytdie sldposkdthet ween the radi at ihon
sour cg; Al Lbtter.. The . e from npl ybdenum [0016] The
above&and ot% %J#%a%uerse's a%%%%la%&sr%? ?%aeq%er emé)%%? PA¥ention, as well
as t Hee sdisidsrd leeidvapertdte ormdfapi@f essetcendodi prat s of the present
invention, are described in detail below with reference to the acconpanying
dr awi gs“S T BRI B AF FEGHE DRARNERFODAY] The acconpanyi ng

draw ngs, which are incorporated herein and formpart of the specification,
hel p §994&k r at EEFRARAKE ARfdd?HraeE sEeAtutRs prdaadvanbveaeson and, toget her

Wi th dihe e Sord U on fH 81, SELY Pl s d g prigchples of the
Wit ot

invention and to enable a person s in the pertinent art to nmake and
use tdreiaidam ioh.paafatreedrenbodisient keof efler grossamitrtber s i ndi cat e

et £l O orf UNE1 AL LY ST | 270 SISy o AL g 0nal Ty, the

reference to the accompanying drawings.

BRIEF. DESCRIPTION OF THE DRAWINGS

[0017] 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 4
description, further serve to explain the principles
of the invention and to enable a person skilled in the
pertinent art to make and use the invention. In the
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the
left—mbst 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
fluorescence-based sensor according to an embodiment

of the invention.

o019} FIG. 2 is a schematic, section view of a
fluorescence-based sensor according to another

embodiment of the invention.



|l eft-nmost digit (s) of a reference nunber identifies the drawing in which
the reference nunber first appears . [0018] FIG 1 is a schematic, section
vi ew of awblu@vmserence- based sensor according to an enbedirnspiocoiishe
invention. [0019] FIG 2 is a schematic, section.view of a

fl uorescence-based sensor according to another enbodi nent of the
|nven§|on 50020 FIG. 3 is a perspective, top view of a circuit board
accor Pﬂa o anféfbodi AEnt Qﬁrﬁﬁ@CtRV€mt¢@9 viee2dlt BIG 4 is a schematic,

SeCt'@ﬂr&h§ﬂ’BBaﬁdfEﬁegﬁaﬁﬁgf%gbgﬁegm%% %cc%rgbﬁg t o anot her enbodlnent

of the invention 002 I'S a scC ion view of an assenbly
accor édnmgntdonn enbodi ment of the |nvent|on [0023] FIG 6 is a schemati c,
section view of a fluorescence-based sensor according to anot her embodi ment
of thEOPALENt i ORIGDETALEED BEREREPILONsEE+PBEFERREDLEVMRODI MENTS [ 0024] FI G
lis g schemati c, ngectlon vi ew of an optical -based sensor {"sensor") 110,
accor o RGF EB°SRCEnBBarHeRENSP Tt RECPHFSRTI A, anREhesper at es based on t he

fl uoreseenchent gfugﬁgsggggntgghcator nol ecul es 116. As shown, sensor 110
i ncl udes a sensor housing 112. Sensor housing 112 may be forned fron1a

[0022] FIG. 5 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.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0024] 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 fluofescent indicator molecules
116. As shown, sensor 110 includes a sensor housing
112. Sensor housing 112 may be formed from a
suitable, optically transmissive polymer material.
Preferred polymer materials include, but are not
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 exteribr
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).



suitable, optically transm ssive polynmer material. Preferred pol yner
materials include, but are not limted to, acrylic polyners such as

pol ynet hwoebéwaasybat e (PMMA) . [0025] Sensor 110 may f ectrhsrodsncisssie a
matrix |layer 114 coated on at |east part of the exterior surface of the
sensor housing 112, with fluorescent indicator nolecules 116 distributed

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

housi n@ob%kd) - [ ARAoSengpreukdkd Jurithenddiclddes g ¢ ad ati on source 118,

e.g. a light emttlng di ode (LED) or other radiation source, that emts
r adi atsicaw,ce ddi8udiend + adildtdion eviert ing ghgeleof ( Iv@)el@ngﬂkfselv\hl ch interact

W th rz@% i r%ql cator Irg)é ecéﬂaets %&16% Izroardlegﬁrg%{llfé{ C?lsn ase of a

fl uor éscéence- ase sersor, | On sensor Yadiation at a
wav el m@lﬂammfbvtmusaes:atm iofliveatedre gl et weiscH ltntte@rddtior esce.  Sensor

110 al so | udes .a phot odet ector 120 (e. a phot odi ode, phototransistor,
photoP’é‘stlhst MBI R RBHSG T i Ve el eEgrPernte)XEW‘ﬁ ih ¥R case of a

1 Uor eSGRNCE hASAt SRNRRncd HARNS I ddiet 0 1 Uoressentichight emtted by the
i ndi cator nol ecul es 116 such that a S|gnal is generated by the

phot od&%@uﬁﬂmdwﬁmoﬁs@tm@t@qmtm@h ez s vehef the | evel of
fl uor%%r(ﬁ% of tql L{'uldl calt ﬁt esce Sphot odeffé:tois 120a and 120b
a

are shown sensor efll my
1ncludes a photodetector 120 (e.g. a photodiode,

phototransistor, photoresistor or other photosensitive
element) which, in the case of a fluorescence-based
sensor, 1is 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 photodetectofsilZOa and 120b
are shown in FIG. .1 to illustrate that sensor 110 may
have more thén 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 specific

analytes of interested to be detected.

[0027] The indicator molecules 116 ﬁay be coated on
the surface of the sensor body or they may‘be
contained within matrix.layér 114 (as shown in FIG.
1), which comprises a biodocompatible polymer matrix
that is prepared according to methods known in the art

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



have nore than one photodetector. Source 118 may be inplenmented using, for
exanpl e, LED nodel nunber EUU32SB from Ni chia Corporation (www. nichia.com.
O her LERsommys/msvased dependi ng on the specific indi catror/usedsoulsss
applied to sensor 110 and the specific analytes of interested to be

det ect ed.. [0027] The indicator nolecules 116 may be coated on the surface
of the sensor body or they may be contained within matrix |ayer 114 (as
shownSipt&b&e bl?commhtebl@omp¢¢3ésmat§¢@@éﬁpawbbh®.polyner matrix that is

prepargg ggﬁgéglngelgﬁ q% %goQRelgngggb%rtl% e@%ﬁ%ﬁpn t he surface of

t he sBASOF able bi"o€o P& mRtriox nmaterials, which
prefemabhycayeapesnﬁabbe tﬂEMhQ andlhwaxogedbu@alsmne nethacrylates (e.g.

HEMA) and h dxogels whi ch, adv ntagﬁ EI% can be nmade sel ectively
perneéBV@nt BEPEP LYY aFP P& fREcaRs 1VelYe PP 1857T orm a nol ecul ar

wei ghba%&cgigrwn%l QRe b%%%%]teSe@sgr 110 eRBYyhemapold y sel f-contained. In

other words, the sensor is preferably constfucted in such a way that no
el ect mpéarull aadweaghéneuitmod fofupgt ioh -t he sensor housi ng 112 to supply
power to the sensor (e.g., for driving the source 118) or to transmt
signaK9028®n1théesengoﬂloRaBWEbe sboddy Eﬁafwwpm&ammmbréuxby an external
pomerﬁg urce as_ i, e art For exanpl e, the

P or REReEC e a8, EhE e st dRabreget Al bty &

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
fransmit 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
coppef coil or other inductive element).
4Additionally, circuitry 166 may use inductive element
142 to communicate information to an-external data
reader. Circuitry 166 may includg discrete circuit
elements, an integrateéd circuit (e.g., an application
. specific integrated circuit (ASIC), .and/or other
electronic components). The external power source and

data .reader may be the same device.

[0029] In an alterantive embodiment, 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.



i nduce a current in inductive elenment 142 (e.g., a copper coil or other

i nductive elenent) . Additionally, circuitry 166 nay use inductive el enent
142 to cowounéeas®oi nformati on to an external data readecr/uSkecwitssy 166
may include discrete circuit elenents, an integrated circuit (e.g., an
application specific integrated circuit (ASIC) , and/or other electronic .
conponents) . The external power source and data reader may be the sane

devi cp0E@929] ha %ﬂo%t enamtricve 1emadivmet +He 198RS 110 may be power ed
by .an |nternal sel f-cont ai ned power source, such as, for exanple,

n1crobatueaﬂegom@p®ﬁ®tge@ér@Kﬁﬁgﬂaﬁdﬂbﬁnﬁiﬁﬂcqﬁwﬁwhxdvrces [ 0030] As shown
in FIG, 1 . n f e el t i sensor 110 are.secured
to a Eilrrgu.’lt o%r ﬁ@ C‘?Lq: ut(i%gtbo% d %?gpgﬂr%@l 05]‘

oar arcui oar rovi-des conmmuni cati on paths
bet weedmid@ 1\ cariions peaipo etk t$enseribis ddagdterAs d@rt her
illustrated in FIG 1 , optical filters 134a and 134b, such as high pass or
band §§§§°ﬁ'lt8rs may cover a photosensitive side of photodetectors 120a
and 120b, respectively. Filter 134a nmy prevent or substantially reduce the

amountl 0881 adi afisor Vgdheratidd URF 1ate s ddr dd-Cr18 f rgthiFak ngi ng on a _
phot OZﬁri%'etx’sV%%' d%njd3513‘21fb t he APULIBLRE L L 202 b Alg thessame time, filter

134a 'ows fluorescent 11dght emtted by f uorescent 1 ndicator
filters, may cover a photosensitive side of

photodetectors 120a and 120b, respectively. Filter
134a may pfevent 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 fluorescent indicator
ﬁolecules 116 to pass through to strike photosensitive
side ‘135 of the photodetectér 120a. This
significantly reduces "noise"™ in the photodetector
signal that is attributable to incident radiation from

the source 118.

10032} 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 measpring various biological
analytés in the human body. For example, sensor 110
may be 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 1ayer 114 and the indicatox

mqiecules 116 may vary depending on the particular

10



nol ecul es 116 to pass through to strike photosensitive side 135 of the
phot odet ector 120a. This significantly reduces "noise" in the photodetector
si gnal t hab 208/@di but abl e to incident radiation from oe/Sesoe143is .

[ 0032] According to one aspect of the invention,

an application for which

the sensor 110 was devel oped - al though by no means the only application
for which it is suitable - is measuring various biological analytes in the

human ;hgd teF%%eeé%%%B§#i%§Q§ﬁ%F} %ﬁggxxﬁg%ﬂsegégg asure glucose, oxygen,

t oxi ns, pharmaceutical's or ot

¢ ot her

net abol i c

anal ywbsrien thiee seuzer Hadyto Bre uspeCitd daamoiHd amofyitdie matrix |ayer
114 and the i,ndi %E%é mol ecul.es 116 may vary dependi ng on the

parti cur & anafyt

O9EN QG s SIHBE ApeSHSt & igerua®) -and/ or where t he

sensobrefekrabh§, UsRdehe rdehRtl ikNa ;304! whe (i€ fd1e blood or in

subcut aneous tissues). Preferably, however, natF?fk%%yér 114, if present,
shoul 8hpadr ifesid idrpes expostinehefi rdiec dinoii omtloec rlcds:chd dshe anal yte. Al so,

{e

cator nol ecul es

it isgpr r t the_agpti.cal. characteristic f the ind
.g.?gtﬁggléggﬁ&gg'fl§§Fg§cé%césoPIF%%§F§§€éhﬁii Sat or nol ecul es) be a

f unct pphioklt bbacententisatican odf thie isRECtG aRaletia do which the
i ndi cat or nn%%cules ﬁr%fe§gosed-. [0033] To facilitate use i

human

%08Y{ e leéve uorescence 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 agd 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 I, and on the order of

approximately 300 microns to approximately 0.3 inches
in diameter D, with generally smooth, rounded surfaces
throughout. Thislconfiguration permits the sensor 110
to be implanted 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

11
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the housing 112 is preferably formed in a snooth, oblong or rounded shape.
Advant ageously, it has the approximte size and shape of a bean or a

phar macewypQade/gsd7ati n capsule, i.e., it is on the ordewpcefusappooussmat el y

500 microns to approximately 0.8 5 inches in length L and on the Qrder of

approxi mately 300 microns to approximately 0.3 inches-in diameter D, wth
general ly snooth, rounded surfaces throughout. This configuration permts

the sensqr 110 tpo be inplanted into tgg,hunan body, i.e., dermally or into
under Pﬁie%rgerﬁesds&g’sa“teitr%pdcﬁ PRI dr-gadd G diteod Vidssel s) without the
sensofnidniegyfering with essential bodily functions or causing excessive
pain or disconfort. [0034] In sonme enbodi nents, a preferred I ength of the

housi n@o3s1apPr @6 thd dMNESidit LBRd QT%SLG%“C!L agfeld ed diameter is
approgg 0.% inches to 0.11 inches . [0025 I'n thé-ggﬁ£oé{nent shown in FIG
1, sédBcdslrdavatedewttdd nsdeatedpeat tiop &itdep ISilderl71 of circuit board

170. egl ficaldl in. the enbadi.ne shqwn, .source 118 is fixed to a
suppo??&%gﬁgégxﬁﬁr, %@9tﬂ:ﬁqﬁﬁxﬁaﬁﬁgﬁﬁfa@h@Vafélg%ﬁﬁce 118 above side 171
and t emebedteintalshovagnneatrounee ikl it@ it i tsru\pg&tboard 170 so that
power can be _delivered to source 118. The di stance (d) between source 118
and sW&@gffllgéneW G FAGES Bt Weflevat@ source 118

above side 171 and to electrically connect source 118
to circuitry on board 170 so that power can be
delivered to source 118. The distance (d) between
‘source 118 and side 171 generally ranges between 0 and
d.OBO inches. Preferably, thé distance (d) ranges
betweeﬂ 0.0iO 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 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 or other device for conducting electricity)
disposed on a surface thereof and electrically
connected to source 118. The contact 158 electrically
connects to a corresponding electrical contaét 157
that may be disposed in groove 180 through an
eléctrical interconnect 159 (e.g., a circuit trace or
other transmission line). Contact 157 may be
electrically connected to circuit 166 or other circuit

on circuit board 170. Accordingly, in some
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0.030 inches. Preferably, the distance (d) ranges between 0.010 and 0. 020
inches. Support nenber 174 may be a circuit board. Grcuit board 170 may
have a grwoweosli@6o7hor receiving a proxi mal end 173 of meatrars2d0é4A1143hi s
feature is further illustrated in FIG 3 , which is a perspective, top view
of board 170. [0036] In sonme enbodi nents, support menber 174 may include an
electrical contact 158 (e.g., a conductive pad or other device for
conduetbogigleattsr i ¢cheyle diss pos ed eort rd csilr faté tthemneefimndiwel ectrical ly
conneg %d to source & 8 The contact 158 electrically connects to a
orres%bngln SrES fi'éal contact 157 that may be di sposed in groove 180

t hrou elec rical |nter onnect 159 (e.g., a circuit trace or other
trans&?&gqén | i )furé@ﬁﬁa o7 1Ray 15e éhe@tMQ§%QQFQRNﬁ%§ied to circuit

166 oma@t ber atichedicld @R Gd=gW t 7oakd %7%nd.%§&9kgi gly, in
soneenbodi nents; there is an electrical path fron1C|rCU|t 166 to source

118. F@G§¢F3h§Yﬁu#ﬁﬁéﬁQ§Q¥M1W61MBI@ttﬁchaﬁruﬁlhaamﬂIHHB:mny behaétachgd tg
board t e e feral ctor 176 i.s attached to boar
thil & fgf@acggrttQ%n 9. .f)fe %@troﬁ fr;‘ fﬁﬁﬂl h

170 so that a ortion Ay perpendicul ar
to si ;terﬁ:e‘éihdandlhace@ Sdldfecaﬂll&ndPrf%fc%rsabﬂoylrcfeaqq8177 reflects radiation

emtted souyrce _118. r exanple, face 177 may have a reflective coating
dispogﬁﬁgéﬁégign gﬁc@aégglf?ﬁkﬁftﬁeradlatlon emitted by

source 118. For example, face 177 may have a
reflective coating disposed. thereon or face 177 may be

constructed from avreflebtive material.

[0038] Referring now to photodetectors 120,
photodetectors 120 are preferably disposed below a

. -region of side 171 located between source 118 and
Arefleétor 176. For example, in some embodiments,
photodetectors 120 are mounted to a botfom 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 170, a hole for each photodetector 120 is
preferably created’throﬁgh board 170. This is
illustrated in FIG. 3. As shown in FIG. 3, two.holes
301a and 301b have been created in board 170, théreby
providing a passageway for light from indicator
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 stitibned such that light

entering the hole is likely to strike a photosensitive
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constructed froma reflective material. [0038] Referring now to
phot odet ectors 120, photodetectors 120 are preferably di sposed bel ow a
regi on ofwei2de/h3dzol ocat ed bet ween source 118 and ref | eetworusiongo1145or
exanpl e, in sone enbodi nents, photodetectors 120 are nounted to a bottom
side 175 of board 170 at a location that is below a regi on between source
118 and reflector 176. n enbodi nents where the photodetectors 120 are

nount eddto ofotthempsiviedizcebrboand 330shawhotie fac.each photodetector 120
is preferably created_through hoard 170. This is illustrated in FIG 3 . As
shown TPASFILEChB1aRE RdSes iBiRighes36Ds RECEbelE GFPO4EEF in board 170,

ther ey PROVLGI;i RY N3 PRSIBFRWRY-+HQr 1bipght fromindicator nolecules 116 to
reach pﬁotodetectors 120. The holes in circuit board 170 may be created by,

for e 3 b , dr'IIiﬁgﬁhl A1 %QiQi@g-%n@ bhelli%%. Prefer abl y, each
phot o e?gcﬁor 1%5 Fs pog?f?one SGch t hat Fight’entgpiﬁglghe hole is likely
to stinkboarphdi/dseny bevesndaiof at He lpkeat Addt ect what20,ighs shown in FIG 1

. This techni que also dim nishes. the nt of anbient |ight striking

ohot oETeCTa £39CM; G BUP R S G el 201 Pl PRAFat FIECES™ | each hale in
boar d 420 cERY-cBe ce@ihal Fiadthid ten 134hs0 pltabnl isdlle Gam @nliy reach a

phot odet ect or 120 b&@ra55|ng through the corresponding filter 134. The

bot t ofiisiege cdndihgl PhotgseteCtone PRt et &t 6Py er2g wayhbe covered with
black light blocking epoxy 190 to further diminish the ‘

amount of ambient light striking photodetector 120.

[0040] In one embodiment, photodetector 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 fluorescent element 154
may be positioned on top of filter 134b. Preferably,
fluorescent element 154 fluoresces at a predetermined
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 differen? wavelengths of

" light. For example, filter 134a may filter
wavelengths below 400nm and filter 134b may filter

wavelengths below 500nm.

[0041] Referring'now to FIG. 2, FIG. 2 illustrates
a sensor 210 according to anbther embodiment of the
invention. As shown in FIG. 2, sensor 210 is similar
to sensor 110. A primary difference being that

reflector 176 is replaced by a support member 202,
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bl ack |ight bl ocking epoxy 190 to further dimnish the amount of anbient
i ght striking photodetector 120. [0040] In one enbodi nent, photodetector
120a i s wsedodemipiroduce a signal corresponding to the | ipglntusesistot &3 or
adsorbed by indicator nolecules 116 and photodetector 120b is used to
produce a reference signal. In this enbodinent, a fluorescent el enent 154
may be positioned on top of filter 134b. Preferably, fluorescent el enent

154 fHoEBS¢8S c8hndckeadebecanedsvwayehenatihi 76! ef@Nto154 may be made from
terbiumor other fluorescent elenent that fluoresces at the predeterm ned

wavel ehgth. spnrehi $18nbedifisrt, filpt Ehis3gabaddnentyepnd34b filter
di fferent vel h fLLi : e b 1 may filter
wavel%HSPﬁg%bgF%%g%ogg%1é%dggkﬂ?ggalgégﬁﬁéyrﬁgpkgﬁgﬁagg?éngths bel ow 500nm
[ 0041}.i Ref eerfilegtoawll/6, Fr&f12ctokl G092hikkl astedllestaveensor 210 accor di ng

to anat her enbodi nent of the inv ion. As sho in Fl 2., sensor 210 is
si mi | ARCfo2ddnsdrt1igcer 5PPE§?y?3%ffeﬁgﬂ&ElBQSE&yfhﬁPGEQFFeCtor 176 is
repl agae Byt cSHPRONL ORENRRL 1302 cMBiseh ks eenmeet edgto end 194 of board 170
and to which source 118 is fixed. In this enbodinent , and support nenber

174 iBhpépH@¢@@bmrtHZQar@ﬁweéwéﬁcbo9laEﬁﬁeWﬂéhleptpr 176, reflector .209 has
a ref Legtive 1850, 24b chhahdf 3493304508 h opddch phaldey so that
photoﬁe?ector a rémai nS closer to sourc , ,

with filter 134b. Fluorescent element 154 may also be

re-positioned so that it remains on top Qf 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.

[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 is

different than the positioning in sensor 110.

[0044]  As shown.in FIG. 4, a basé 412 is mounted to
an end.413 of circuit board 170. A top side 414 and
bottom side 416 of base 412 éach 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 groové 418 therein that receives end 413 of board
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phot odet ector 120a may switch places with photodetector 120b and filter
134a may switch places with filter 134b. Fl uorescent el enent 154 may al so
be re-poswbi20eed3®o that it remains on top of filter 13#b1/(sR@4R)1488 Shown
in FIGS. 1 and 2, in some enbodi nents, indicator nolecules 116 nay be
positioned only in a region that is above a region 193, which region is
bet ween source 118 and reflector 17 6 . [0043] Referring nowto FIG 4 ,

FIG 47bS acseReanuhe, raeshienrykew:af nanpapki aab- hasedasansor 410,
accordi ng to another enbodi nent of the invention. Sensor 410 includes nmany

of thé78ane conponents as sensor 110. However, the positioning of source
118, photodetector 120a and filter 134a in sensor 410 is different than the
posi ti[l6AKRAY i n Pbrtodere@tof0024p msyshewnouptEdGon4topa base 412 is

nounted .to end. 413 ci reui Q 170. At i de 4 and bottom side
416 o?lggséaglfgeggﬁengézrie in Sgﬁgggé PﬁgFoﬁggggﬁgraﬂ?éaperpendicular to
a pl ang mBuwiieah osi Bask7410f sboahdtlpboltioeensBativemssicde 1456 nay have a
groove 418 therein that receives end 413 of boardl70. G oove 418

faci | PEaPBetPERtRGtRAsd 2882 1i65hdar @ PFERS (84%5] 1Phot odet ect or 120a nay be

mount n%@aﬁqglikqge%E&dﬁiaQa%% 4142 phaakenably gphatiedetiggt or 120a i's
nount on base 412 so that photosensitive side 135 :
of board 170 lies and faces in the same direction as

~top side 414.

[6046] 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. FOf-example, a
refractive index (RI) matching epoxy 501 (see FIG. 5)
" may be_used to fix filter 134a 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
.wire 473 (or other electrical connector) preferably
electiically connects phofodetector 120a to electrical
>contact 471 and a wire 474 (or other electrical
connector) preferably electrically connects source 118
to electrical contact 472. Contact 471 electrically
‘connecfs to a corresponding contact 475 via an ‘
electrical interconnect 476. Similarly, contact 472

electrically connects to a corresponding contact 477
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of photodetector 120a lies in a plane that is generally perpendicular to
the plane in which side 171 of board 170 |lies and faces in the sane

di recti onweobepns®ode 414. [0046] Filter 134a is preferabinusdisposissi above
side 135 of photodetector 120a so that nost, if not all, light that strikes
side 135 nust first pass through filter 134a. Filter 134a may be fixedly
mount ed t o phot odetector 120a. For exanple, a refractive index (RI)

natCthgegﬁg iggglé?%elg$g%c§nﬂe€@y4b@ us@dntQcihxafikl tgr7134a to

phot ode I'n sone enbodi nents, base 412 may include at
Ieastatmopeééerabtyldmepbaeﬂ50d|Ebeseddthérbgﬂr@e1@0 thatside 414) . For

anpl e, rst_.el cL I.C co C and a second
eIectFFcéPSEBE?QCfn£?2g5P8V8|é%gSedC8ng ée %ﬁi gggaé8§ %? Awire 473 (or
ot her cebegti beal ycopnaeteey poeterably eBecbtlcahby capoadts phot odet ect or
120a to electrical contact 471 and a wire 474 (or other electrical

conne€fof)rprékePaprg éi’8ct r PESPFYLIREAKect] S8WFce 118 to el ectrical

cont agt, 442n.GP0t agh é7l19|595%h9é5|¥ %BBE§EBSoE0aﬁ correspondi ng cont act
475 via an el ectfical intertonnect Simlarly, contact 472

eIecteﬂeatkyca&npethsftomaccopnetpéﬁélhg sonraet 1437and/am el ectri cal

i nterconnect 478. acts 475, 477 are preferably disposed on the end of
boardp%?ﬁoéﬁﬁchgrcﬁggfted into groove 418. Contacts 475, 477 may be

[0048] Referring now to FIG. §, 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 0£ filter
.134a. Accordingly, as shown in FIG. 4 and 5,
photodetector 120a, filter 134a and source 118 are
aligﬁed. That is, as shown in FIG. 5, both filter
134a and soﬁrce 118 are each disposed in an area thaf
is over at least a portion of photosensitivéAside 135

of photodetector 120a.

[6049] Preférably, a non—-transparent, non-
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 431 may be a gold-clad-
molybdenum tab (molytab) or other opaque structure.
Epoxy 555 may be uséd 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 .
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electrically connected to circuit 166 or other circuit on circuit board
170. Accordingly, in sone enbodi nents, base 412 provides a portion of an

el ectri cavopaddnife7om circuit 166 to source 118 and/ or plrotragedsotnss 120a.
[0048] Referring nowto FIG 5, FIG 5 further illustrates the arrangenent
of photodetector 120a, filter 134a and source 118. A s shown in FIGS. 4 and
5, source 118 is nounted on a top side 467 of filter 134a. Accordingly, as

shownaiyFEGomd sand 267, phet edekactar ri2ea, 4f bhiyes 134arand source 118 are
aligned. That is, as shown in FIG 5 , both filter 134a and source 118 are
each @kapoded iin &hcarBROCREENLs SBPER athpeddOhs p6rtion of photosensitive

si de > . phot;0 o] 0 f er-ahl .a.n t ransparent,
nontréggpggéﬁ? Egggkgg% ?g% ?ggo%gdéggt%Egnggoﬁbﬁgl%%8gg%d filter 134.
Opaquérbd@seatldy, f undiicensrt oopeevéerts [lilghtrenlbtadetr om sodrce 118 from

striki side 467 of filter 134a. Base 431, be a.qgol d-cl adnol ybdenum t ab
(nD:ykgg)Sbr%BﬁgeF%85agﬁgisFF&@PU@e%%€p5§élg§éoﬁa§mﬁg%ﬁged to fii sou?ce
118 t grbaseoch3teandghasas43di stashiedt abold4aink@ea®bPreferably, in this

enbodi ment, source 118 is configured and oriented so that nost of the |ight
t r ansiPlecedlereddfr vrlils repRASA redbien T&CEilVEct refansyofrom si de 467, as

Sho“nahﬁ‘EhgsreépgﬂgeSWilEOEe a function of the

concentration of the analyte being measured in the
region of the indicator molecules 116. Photodetector

120a detects the response.

[0651] Referring now to FIG. 6, FIG. 6 is a |
séhematic, section view of an optical-based sensor
610, according to another embodiment of the inveﬁtion.
Sensor 610 includes many of the same components as
.sensor 110. Also,.senéor 610 is similar to sensor 410
in that, in sensor 610, photodetector 120a, filter
134a and source 118 are preferably aligned. Furtﬁér,
-like in sensor 410, in sensor 610 filter 134a may be
fixedly mounted on side 135 of photodetector 120a and
source.li8 may be fixedly mounted on side 467 of h

" filter 134a, and the photodetector 120a,'fiiter 1345,
source 118 assembly may be located adjacent.an end 491

of housing 102, as illustrated in FIG. 6.

[0052] However, the orientation of source 118,
photodetector 120a and filter 134a in sensor 610 is
different than the orientation in sensor 410. = For
éxample, in sensor 610, side 135 of photodetector 12da

faces in a direction that is substantially
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exanple, in the enbodi nent shown, the light is primarily directed towards
an end 491 of housing 102. Preferably, indicator nolecules 116 are | ocated
on end 49%%0200¢/had70t hey will receive the radi ation em ttped/dseasiosnss ce 118.
A s di scussed above, indicator nolecules 116 will respond to the received
radi ati on, and the response will be a function of the concentration of the
anal yte being neasured in the region of the indicator nolecules 116.

Ph°t9§§££8£8&c329§ det erbS1bhgiEgaRARSeaxt 0063 nRakenyi ng2now to FIG 6 ,

I's a schematic, section view of an optical -based sensor 610,
accorﬁddgtnonaméyhenneﬁbodpﬁeﬁﬁooff@ﬁéern&éﬁﬁléﬁd/Sénsor 610 i ncl udes many

of the, s onmpone as_sensor e 6 is simlar to sensor
410 |ﬂh?ﬁ§§?%ﬁggg§n2%§ 6767 ﬁo?oéig fA&galEé ngEFt%30134a and source 118
are psgetrrabky Bhkkgned?2 ﬁuytberreMbhedln ganshe 4thBpdimesensor 610 filter

134a may be fixedly mounted on side 135 of E 32 detector 120a and source
118 nayone. fﬁ%éaﬁy Aedat ea4RTsPREtREPLEE TP £6P21348, and the

phot o I aorSeuhee 138 .assenbly may be | ocated
adjacgﬁ%ggﬁggnﬁgggd %F %ggs%ES 552 as illustrated in FIG 6 . [0052]
orﬁgng

Howevehoshie LAkl 82 ab SouEce 18pophotiadeteskar 120a and filter 134a
in se sor 610 is erent than the orientation in sensor 410. For

embodlments, houslng 102 may be filled with a material
to keep the cbmponents housed in housing‘102 from.

| being able to move around. For eﬁample, housing 102
may be filled with én optical epoxy either before or
after 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 other

epoxies may be used.

‘[0054] While various embodiments/variations of the
present invention have been described above, it should
be underétood that they have been presented‘by waonf
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.
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exanpl e, in sensor 610, side 135 of photodetector 120a faces in a direction
that is substantiallyperpendicular to the |ongitudinal axis of housing 102.
Addi ti onalvbypodgmnseensor 610, filter 134a and/ or phot odetregtuzrootA0asar e
directly fixed to board 170 such that base 412 nay be renoved. In the
enbodi nent shown, filter 134a and/or photodetector 120a are directly fixed
to end 413 of board 170. [0053] In one or nore of the above descri bed
enbodiyent s 5 housifgy 102. may be filled with a.material to keep the
conponents housed I n housing 102 from being able to nove around. For
exanpl e, housing 102 may be filled with an optical epoxy either before or
after board 170 and the conponents attached thereto are inserted into

housi ng 120.. EPQuTEK & dgtodaa If rasmHpaxydaheidmnaiagy of Billerica, MA®
and/ or thqg %P%ﬁggs may be used. [0054] While various enbodi nments
[vari S5 HE 619 1 e S8 REerfarsie IRferPidedtratsed hove, it shoul d
be undengdaod that they have been presented by way of exanple only, and not
limtation. Thus, the breadth and scope of the present invention should not
be IimtedGyraing hatelnghave-ddsor isvetfasmenpl ary enbodi ment's, but shoul'd

cqui val ont & WP TS et Reert W8 R R Eh P sl ng devi ce for
det ectliengstt ke panesient e Dreieoroady atird@aef & BRANEGEsing;
| a circuit boardhhoused within the housing;
a support member having a side that lies on a
plane that is substantially perpendicular to a plane
oni 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 board; and |
a‘photodetector connected to.thé 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 0.010 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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conprising: a housing having an outer surface; a plurality of indicator

nol ecul es | ocated on at | east a portion of the outer surface of the

housi ng; wobészubd7zoboard housed within the housing;, a swppastose®iiass havi ng
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 said side of the support nenber and positioned a di stance above the t-op

si de ofourke G Waty ipeArd;raand & RROIAdR! @eler GeRrNeGhed to the circuit
board for detecting a response of the indicator nolecules. 2 . The sensing
devi c &3 3 IHMSOUMTEr-ei n said circuit board has a groove in the top side
t hereof and said support nenber has an end inserted into said groove . 3 .
The sensing device of claiml1l , wherein the distance ranges between about
0.010 i nchés andhe. G dimchevide oFhelsdmnsidgwhesmiede, athecl aim 1 , furt her

conprising a.refl ector spaced apart fraomthe radi ati onsource and having a
refl e@?qio\yg & HOFat- 5 é’@@s&tlr?él%dinatai cO]'r?c?(F&rO@ebeSle.at'}%@ sensi ng devi ce of
cl ai M gi owh@eivk @ heh HRERHEHO s dus JROSId @ed rdF1adiacal i on beneath a

regi on 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 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 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

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.
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side of the reflector. 6 . The sensing device of claim5 , wherein the
phot odet ect or has phot osensitive side that faces in a direction

subst ant iwbl2yogpaspendi cul ar to the direction that the retrastiné@isssie of
the reflector faces. 7 . The sensing device of claim6 , wherein the

phot osensitive side of the photodetector is positioned below the top side
of the circuit board. 8 . The sensing device of claim7 , wherein the

circuit boand hagea kel righalevidengds Jrom tihe iR Side to a bottomside. 9
. The sensing device of claim8 , wherein the photodetector is attached to
t he bditsih sil@etar cee contagtt itsoatiprored The asengifisgedefi ce of claim4
wher ei.n sal 1L Cui r.d h a An the top side thereof and said
reflegggr%%gg%gﬁ gﬁ%*%%?é%ﬁe%ﬁﬁuﬁyééﬁg}%ﬂwﬁﬁﬁi?F.lsrhe sensi ng devi ce of
cl ai- melle ardroeild ya connstctelde dtor itdad  ed@nttaditcals adirgfpesed on a surface of the
support nenber and the radiation source is electrically connected to the
el ectrical contact. 12. The sensing device of claim11, wherein the first

el ectrical 100nt agk isenglieet Wetaldyy omneaked 1t,0 & Sea9Nd £l ectrical contact
di sposed on-the circuit board. 13. The sensing device of claim 12, further

conpr E4iFRG & leictedicnlt cand adits fos ed.eddirisralvivt IMamnewsed to
- a second electrical contact disposed on the circuit

board.

13. The sensing device of claim 12, further
comprising a cifcuit trace disposed.on or within the
support 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
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
léastla top side of the photodetector is

photosensitive;
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support nenber that functions to electrically connect the first electrical
contact with the second electrical contact. 14 . An electro-optical sensing
devi ce fowodedeabi7ng t he presence or concentration of apcanghyls®i114s3
conprising: a housing having an outer surface; a plurality of indicator

nol ecul es | ocated on at |east a portion of the outer surface of the
housing; a circuit board housed within the housing; a photodetector having

a top side aard laxchwotizomrg} de tarherieia drite phettadet ectaar, itheel ectrically
conne&é%d to g circuit on the circuit board. and at |east .a top side of the

phot o #& ¢S4 Riforss dRsitiineed Qiaterthtaviory sddeowisitde and a bott om

si de, phie eIt deRei ng positioned over the top side of the ‘
phot odet ector; and a radiation source positioned over the top side of the

filter. 152 Tesligdnsuy ssfunsieainnsi4,idned wereic diner itsicng ialebase having a top
side and.q batt ide, the bottom side being attached to an end of the
circuit E):ozaer ,llﬁétf'ei n the bottom side of the photodetector is nounted on
the top side of the base. 16. The sensor of claim 15, wherein the top side
of the base1 lies.in a plane that is substantially

5. The sensor of claim 14, further comprising. a
base having a top side and a bottom side, the bottom
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.

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 side of the

circuit board lies.

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 Cdmprising:

a first electrical contact disposed on the base;

and
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perpendi cular to a plane on which a top side of the circuit board lies. 17.
The sensor of claim 16, wherein the top side of the photodetector is
gener al | wpaoadisd7owi th the top side of the base. 18. TipeTagpasninbs cl ai m
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 conprising: a first electrical contact disposed on the base; -
anda seconc esecond caleconteaxl disposedliospdded basethaiease n t he
photoqﬁ&ggéog is electrically connected to the first electrical contact,
and the radiation source is electrically connected to the second el ectrical

contact. 20chdhshsengeteofot! B el mhesEip ddenddtsd wbectrical contact
is eIe%{ricaIIy connected to a third el ectrical contact disposed on the
ci reui thhoakesan e Fer serbrerrta%tr 2% contact is electrically connected

to a fourthgl eﬁécﬁi&@ioﬁo&g@f&edi§p@f@&9fb§igﬁ¥céc§rﬁ¥gét%§’g&g' 21. The

sensor of claim 20, further conprising a cir t trace posed on or o
wi t hi thehesdeeed thbgctohcal omentactel ectrically connect the first electrica
contact with the third electrical contact and the

20. The sensor of claim 19, wherein the first
electrical contact is electrically connected to a
third eléctrical cpntact disposed on the circuit board
and the second electrical contact is electrically
connected to a'fourth electrical gonﬁact disbosed on

the circuit board.

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

4contact.

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.
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second el ectrical contact with the fourth electrical contact. 22. The
sensor of claim 14, wherein the top side of the photodetector lies in a

pl ane thayoizocsubevantial |y parallel with a plane on whipch/s260ep1sissie of
the circuit board lies. 23. The sensor of claim 14, further conprising an
opaque base disposed between the source and the fi I ter.24. The sensor of -
claim 23, wherein the base conprises nol ybdenum 25. The sensor of claim
14, wherein the filter is fixed to the photodetector using an epoxy. 26.
The sensor 2of cl | m 25, wherein the epo is di sposed bet ween the bottom
side of the ¥iltel® afd e ?%pc "%\? @R . 27. The sensor of
cl ai mampmhedLind theidRig active index of the epoxy mat ches the refractive
index of the filter. 28. The sensor of claim 14, wherein the radiation
source is a light emtting diode.

25. The sensor of claim 14, whereln the fllter

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 emitting diode.
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