Opti cal - Based Sensing Devices BACKGROUND OF THE

I NVENTION fool] 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 nmedium More
particularly, the invention relates to (but is not

in all cases nec t ed to opt i cal - based
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which permit the device to be implanted in humans for

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

10041 U.S. Pat. No. 5,517,313, the disclosure of
which 1is incorporated herein by refereﬁce, describes a
fluorescerice-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 pf
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



nol ecul es or, alternatively, at |east partially
wthin a wave guide |ayer such that radiation
(light) emtted by the source strikes and causes the
i ndi cator nol ecules to fluoresce. A high-pass filter
allows fluorescent Iight emtted by the indicator

mol ecul es to reach the photosensitive el enent
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advant ageously as the indicator nDIecuIe in an

oxyg8R“Sensor. |ndicator .nolecul es whose
fl uorescence prgﬁertles are affected_ _hy various

ot B8P hnal yti@s ALRORSRRFASE Aefhe odbietoyr tréerBles

l n&hﬁﬁﬁ&ﬁ.ﬁd R esll g@svivkd clescahiseibihighi., paict hybhe
| evel of absorptlon being affected by the presence

or®cohtehtd dti BRdstatRA, dndl-yt ettapertad ok rahnncsde,

f oby e NlRa1UpBesBdte ofNan 5n51§t@46805'¥%a Ei@loﬁﬂée'
of which is incorporated by reference,

di %@Wﬁ&%%ﬁ@?ﬁ%%ﬁséh%ﬁ@feﬂ% trré§|dén§es are
at &qudiontpﬁeﬁmromrn%s %ﬁ@ﬁex@{urp@%h)b@%%ﬁibrate

conpounds such as sugars. It is believe however
t he¥ Siehedghy - E%%c%?ﬁ%kgpresence of oxygen.

Therefore; this complex can be used advantageously as
the indicator molecule in an oxygen sensor. Indicator
-molecules whose fluorescence properties are affected

by various other analytes are known as well.

[0061] 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 ;eference, which discloses compositions whose
spectrél responses are attenuated by the local
presence of polyhydrokyl compounds such as sugars. It
is believed, however, that such light—absoébiﬁg

indicator molecules have not been used before in a



i ndi cat or nol ecul es have not been used before in a 2
sensor construct |ike 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
nol ecul es i s perneable to the analyte. Thus, the -
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the concentration of the analyte in the surrounding
medium. l -
{008] The sensing device describeﬁ 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
environment-—the human body. Moreover,:further
refinements 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



di scl osures of which are incorporated herein by
reference, each describe a fluorescence-based sensi ng
devi ce conprising indicator nolecules and a 3

phot osensitive elenent that is designed for use in
the human body. SUWMMARY OF THE | NVENTI ON [ 0010] In
one aspect, the present invention provides an
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hgg nSﬁxﬁbter surface; a'plurality of indicator
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circuit boarxrd 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

detectlng a response of the indicator molecules.

[O011] Advantageously, to facilitate attachmant of
the support member to the circuit béatd, the circuit
board may have a groove in the top side thereof and
the support meﬁber nay have an end inserted into the

groove.

-{0012] _The sensing device may further include a
reflector tﬁat 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 betwsen the-radiation

source and the reflective side of the reflector.



source and that has a reflective side that faces the
radi ati on source. The photodetector nay be positioned
in a location beneath a region between the radiation
source and the reflective side of the reflector. 4
[[0013] In another enbodi ment, the sensing device
includes: a housing having an outer surface; a
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-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 pgrpendicular to a plane
on which a top side of the circuit 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 the;ein, and
an end of the circuit board may’bé inserted into the

groove.

{00151 in other configurations, the top side of the
photodetector lies in a plane that is substantially



attachnent of the base to the circuit board, the
bott om si de of the base nay 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 5 parallel with a plane on which a top

Si gtar0f1 @i £ 1014 PighebQar fnldes, t%g:d ﬁlgnglfl Y
opaque base may “be di sposed betwe e radia |on
s Ot R AN Boe ié 1ifgs|-t eAddihiomalsle ey beaqadebas®May

maley RAeREELg E)Me n! BRADOYE AN, YNEGL! 83% eSSa”d
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skilled in the pertinent art to nmake and use the
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specification, help illustrate various embodlments of

the present invention and, together with the
description, further sefve 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 emnbodiment

of the invention.

0019} FIG. 2 is a schematic, section view of a
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
enbodi rent of the invention. [0019] FIG 2 is a
schematic, section view of a fluorescence-based
sensor according to another enbodi nent of the
invention. 6 [0020] FIG 3 is a perspective, top

- Vi a i+ cu t._board accor.ding to an embodi nent
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acgﬂ{,gzil,%%é‘o anot her enbodi nent of the invention.

[ 00227 5is a schematic, section view of an
assg ac di pg:to enbodi nent of the invention.
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pETAILED 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 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, buf 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 exteriér
surface of the sensor housing 112, with fiuorescent
indicator molecules 116 distributed throughout the
layer 114 (layer 114 can cover.éll or part of the

surfacg of housing 112).



limted to, acrylic polynmers such as

pol ynet hyl net hacryl ate (PMVA). .[00257 Sensor 110 may
further include a matrix |ayer 114 coated on at

| east part of the exterior surface of the sensor
housi ng. 112, wth fluorescent indicator nolecul es
116 distributed throughout the Ilayer 114 (layer 114

can cover all 'or part of the surface of housing
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that is lndlcatlve of the level of fluorescence of the
indicator molecules. Two photodetectors 120a and 120b
are shown in FIG. .1 to illustrate that sensor 110 may
have more than one photodetector. Source 118 may be
implemented using, for example, LED model number EU-
U328B from Nichia Corporation (www.nichié.com)- Cther
"LEDs may be used depending on the specific indicator

" molecules applied to -sensor 110 and the s;pecifié

analytes of interested to be detected.

[ocz7] The indicator molecules 116 hay 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 biocompatible polymer matrix
that is prepared according to methods known in the art

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



U32SB from Ni chia Corporation (ww. nichia.com. O her
LEDs nmay be used dependi ng on the specific indicator
nol ecul es applied to sensor 110 and the specific

anal ytes of interested to be detected. [0027] The

i ndi cator nol ecul es 116 may be coated on t-he surface
of the sensor body or they may be contained within
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may generate a magnetic field to -induce a current
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‘néﬁakd)qdﬂgti¥ew§ianQ£$11n the art. For example, the
external power source may generate a magnetic field to
dinduce a current in inductive element 142 (e.g., a
:coppef coil 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 circuit
elements, an integratéd circuit (e.g., an apblication :

“‘spacific integrated circuit {ASIC}, .and/or other
electronic componentsi. The external power source and

data -.reader may be the same device.

foGz9} Iin 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.



Additionally, circuitry 166 may use inductive el enment
142 to conmuni cate information to an-external data
reader. Circuitry 166 nmay include discrete circuit

el ements, an integrated circuit (e.g_, an application
specific integrated circuit (ASIC)., and/or other

el ectroni c conponents). The external power source
and- data reader may be the sane device. [00297 In an
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pat hs between the vari ous’ conponents of sensor 110.
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fluorescent light emitted by fluorescent indicator
ﬁolecules 116 to pass through to strike photosensitivé
side 135 of the photodetecté: 120a. This
significantly reduces "noise" in the photodetector
signal that is attributable to incident radiatioﬁ from

' the source 118.

{00321 According to one aspect of the invention, an
application for which the sensor 110 was developed —-
. although-by no means the onlylapplication for which it
is suitable -- is measuring various bioclogical
analytés iq 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 iayer 114 and the indicatox

moiecules 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 devel oped -- al though by no neans the,
only application for which it 1is suitable -- is
measuring various biol ogical analytes in the hunman
bodnalfFoe ehanpn@orseBstd Hd saiBYobgetisad Jy MBasure
glg gse, Q%%%fn’ toxi ns,. pharmaceutical s or other

dr HHETS NP hoTrEsOTafd bP Hae | isetktapartechidia waslivse

t hei hanmpnibatie. bIBBdSPECLH | Sub&@ARBSEE | 0N HfeHhe

magri x-layer 114 and the indicator: _nol ecules 116 may
va §e€%ﬁ%'néc’8ﬁvi§ﬁe P dirapr 18l dnal fy meesgat

sesisould stdcd 1heatsedxpOsdas et +andi g cwhsr 8oiRBn1es
., In

sensor isx%ﬁy%e used to detect the anal yte I.e
t he° b ¥od fi- subtitandods Predaessd thatettdeabl y,
hovetviasal Makrbetbayefiddbs ithePl 888N tor H3AWkd1es

facilitat e§g§5£re QE the indicator nolecules to
t h& dhal Y18, TAVRD, °F t 110 1556rRPR o9 t Hidtoneseenspt i cal

¢ hiafdictatfoirs hbEec@ied hard ndireateiontbeaules (e. g.,
t he Ie¥§%?ot fluorescence of fluorescent indicator

NOTBENTESF BRR 0 F Urid i I ienanakye dt MaLEBntbe t he

s paeiifdat oanabyé@ulds WL Rxphgeqal Ndi cat or nol ecul es
are exposed.. [0033] To facilitate use in-situ in the

hupeassgody, To t feciiousitRg ukb2ihSsFef 8l aBEYniRLeg.d
a_snoot h, ., oblong or rounded shape. Advantageously,
iF 2 QOPRARY 112 "is preferably formed in a smooth,
oblong or rounded shape. Advantageously, it has the
approximate size and shgpe of a bean or a
pharmaceutical gelétin capsule, i.e., it is on the
order of approximately 500 ﬁicions-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 surfaées
throughout. This.configuration permits the sensor 110
‘po be implanted into the human body, i.e., dermally or
into ﬁnderlying tissues (including inte 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

i1



approxi mate size and shape of a bean or a

phar maceutical gelatin capsule, i.e., it is on the
order of approxinmately 500 nmicrons to approximtely
0.85 inches in length L and on the order of
appr oxi mately 300 microns to approxi mately 0.3 |nches
in dianeter D, with generally snooth, -rounded
surfaces throughout. Thi.s configuration permts the

Seps-afezli@d d e drTRL a9 NHO1t Bghuuran

dermally or into underlying tissues ?lncludlng
|nFBCB?@ans or blood vessels) without the sensor

't§§% ing with .essential bodily functions or
%3excé§kﬁ¢@ 68Pﬂd36¥“d§§68ﬁfé@tfﬂ{0634F0uncgone

en‘bD&iIIEFHJSava%e@r QfienrebdRroth 9frof fﬁ&é@?%”& I's
0.5 inches to 0.85 inches and preferred

d| h’é‘f"é’rt iRCaFFhAde . Mars sereifieably in wbhes.
[Oé}aﬁidldbdth%hampdb&?fﬁe shewsi fi ElBroly S0UE6E 118
71 0

el evated with respect to a top side 17

cFTSRRAT Holdr d vh3gh MREigpecte ekevate isourhe 118
erdmsid ildeS RO 40§ OLY (éq_el;%glbg‘li}} XGthle@y: Qoéf‘l%gg{]%

menber, 174, which functions to el'evate source
Al €IS CEY 108 nkratst di7dcepi Ehat yassiest Bource 118

t QueQiiR@Hlr ¥o08chRas 1870 80t hale Houer,
delivered_to source 118. Theedlstance ( E Ween

sEEe1 188 annd sFie 171 generally x;vamg@sbb‘ewmm @nd
amnd 530. Qﬁ@héQCheﬁrefafﬁyigabkﬂe &JE%(HdétQQﬁerééQes

an bet ween 0. 010 0.020 inch

n@ﬁ%gge§7 .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 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 electrlcally
connects to a corresponding electrical contact 157
thgt may be dlsposedlln groove 180 through an
electrical interconnect 159 (e.g., a circuit trace or
other transmission line). Contact 157 may be -
electrically connected to circmit 166 or other circuit

on circuit board 170. BAccordingly, in some

12 .



may be a circuit board. Crcuit board 170 may have a
groove 180 for receiving a proximl end 173 of nenber
174. This feature is further illustrated in FIG 3,

which is a perspective, top view of board 170. [0036]
I n some enbodi nents, support menber 174 may .include
an el ectrical contact 158 (e.g., a conductive pad -or

ot BehodEN: nelyc C dlsposed n
a surface lgﬁére egg gg %%E%fﬁ%gﬁﬁgh % ected Tg 4+ %
soéﬁ@etqrsﬂn$held@ntact 158 electrlcally connects to
a corresponding electrical contact 157 that may be

di §B832H i n Agr SowEnEBOShdwrodghFER. &) extzéLlalctor 176
b2y 00NAGachRR (8: foard 1000 GUI hnl £AG O ze  NET

transm ssion line). e ectrlcally
cobfeteethivo @eﬁéaptoqwéimsoahmcbadcm tbozomi ai70CcHbt

bogy £k JJ%ad%CFBE@wQ' 77 qu:- %ﬁegzgor d:ﬂsrlr%%tn?—;-gally

there is an electrical path from circul
sdﬂ?ﬁ&?ﬂﬁmyulpgog¢]SI@&flﬁﬂ:had Shoem soufdeGllB,. a

fGﬁéé%éfﬁbléngaHBy Pe é&é %Q drégﬁggffC’ﬁﬁgagﬁgd gp end

t her eof . erab
bowurcer(18e Fhateiaani@@e fﬁ@cel bh7 1@Ey dfaveetl ect or

176, 4 : : [ de. 171 d f
st o IR B PSR E A, S E e 13 me P o
erfansédusypedsbormex ik leforvexmapteiaf.ace 177 nay

have a reflective coating disposed. thereon or face
" 17AP0P8Y be Rebpsringined trophatoeddteidnee 1dateri al .

[ ¥38baBeLELs E0% AP0 ROSL AT S LS E0be 10w a

- 'region of side 171 located betweén source 118 and
refleétor 176. For example, in some embodlments,
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 embodiﬁents where
the photodetectors 120 are mounted to bottom side 175
of board 170, a héle for each photodetector 120 is
preferably created through board 176. This is
1llustrated in FIG. 3. As shown in FIG. 3, two holes
301z and 301b have been created in board 170, thereby
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_pqsitibned such that light

entering the hole is likely to strike a photosensitive

i3



phot odetectors 120 are preferably di sposed bel ow a
.region of side 171 | ocated between source 118 and
reflector 176. For exanple, in sone enbodi nents,
phot odet ectors 120 are nounted to a bottom side 175
of board 170 at- a |l ocation that is below a region
between source 118 and reflector_ 176. In enbodi nents
where the photodetectors 120 are npunted to bottom

si §29¢78% Bie Bertaderecter He%e R8r SBA®H PhdtlGuetlect or
12Qnhi s t@aﬁflej@blaxssr @ﬁhﬁﬁé}ﬁrsouga baaitk 1040 ambhkesti S

illustrated ili . F shown in FIG 3, two hol es
Soiég}éﬁds@ﬂfﬁ-qﬁfaPQOB%‘éﬁt%‘?@é& éd% n board 170, thereby
providing a _passageway, for

LT S T R R T B e

I niglbsad @ARE 1S BEYy:e er eatedrbyss fy &?é%mlhght'
drilling, |aser nachlnlqgland the |ike. Preferably,
eath™ p?fg]tlb&éiaéé‘t 8r PA9EPS e"tf%s L0 OB PTG FrRwough

| i ghé coieyionai hheriDtdy i194l.i kehy¥ bOt&di idiRied and all
photosen3|t|ve 13 side of the photodetector 120, as

ShoWiPT PiFtae Photafipteqiaimiglemar s i Hichad thhe

angLitk Qflg%@bbgsﬁklﬁ%} Hosst rioki £g Eﬂ@&z%ietcﬁgdl@&siﬁ@he )
[0039] As further | ustrated in , ‘each _haole .
i BN P ?@bﬁﬁ?tb%leﬁn%¥Q%kénF|PP%FOQ%QP%R9%I%&P

light can only reach a photodetector 120 hy passing

th t héPcBRP SRR i PPEFO9REeCH e &fh

si¢ieans @erdu&édgssgénalh%o@&@bpsﬁaﬁﬁ@ afes tha0 1qgutbe
covered with Dblack_li1ght blocking epo y 190 to
f e oF ARSATPRR PRASWHEAEPT RB1 et ed dhit® and

Stﬁﬂ&ﬂdﬂéte@ﬂ@&°ﬁ@b§Cié"uéEHJto produce a reference
signal. In this embodiment, a fluorescent slement 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 wavélength- In this embodiment, filter
134é‘and filter 134b filter differenE ngelengths of
light. For example, filter 134a may filtek

- wavelengths below 400nm and filter 134b may filter

wavelengths below 500nm.

{004i} Raferring-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,

14



[ 00407 In one enbodi nent, photodetector 120a is used
to produce a signal corresponding to the |ight
emtted or adsorbed by indicator nolecules 116 and
phot odet ector 120b is used to produce a reference
signal. In this enmbodinment, a fluorescent elenment 154
may be positioned on top of filter 134b. Preferably,

f'M@ff&?%’s”‘coﬁ*@g@é‘& ééﬂemﬂ E‘L@ﬁeéf%a@ntd avﬁrsﬂgt% ni ned
wave omter

engt h. El enent may de fr i um or
otwiekcH |aewrescehd E$ éﬁmd t hélt1 ﬁh%ﬁ)r@é@@é@matltt hand

er
AR PR B e o R R s 0
Iu@ﬂﬂe néﬁieekaan%G fnaﬁmgpt934%@3nﬁﬁﬁia Féflectlve
enghh | defilt ;
st enamenge, B ERNRAORiL, Rdbadiiyl, od Yo
2, ptRit@dezertbust 28a eemadnsentoseR I sosordi hyBi o

to%;@eggggg%% a Uay %%ltbﬁ@méww%ﬁ shown in

is simlar to sensor 110. A .
pritrerogediebLor e-'h%@:) Feichdithar 134 Imayt owiltde plhaces

5B B RE BB 2 e L7 s e

sm—@@silsohsdf$o<e€d1aﬁ At mesabrpodi et ofahtllteupport
ngg%%; 174 is replaced with .a refl ector 2009. Li ke
ector 176, reflector 209 has.a reflective face

#Otogzt faﬁg %91%%é3 ??qahiqpaHEYSoﬁQ t hat

tector rerral ns oser tO source 118
plmb@d&meut@r ilrzma:at@,r mﬂ-eghlﬁ dcles maiyt he positioned

P Iehest PLAAPRRRT 1 hbGte 134.dTRN. 95! Chhplipces

region is between source 118 and reflector 176.

{0043]  Referring now to FIG. 4, FIG. 4 is a
échematic, section view of an opticalubased sensor
'410, accordiﬁg to another embodiment of the invention.
Sensor 416 includes many of the same components as
‘senscr 110. However, the pos_itiorfing 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 base 412 is mounted to
an end‘413 of circuit board 170. A top side 414 and
bottom side 416 of base 412 each may lie in a 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

15



with filter 134b. Fluorescent elenent 154 may al so be
re-positioned so that it remains on top of filter
134b. [00427, As. shown in FIGS. 1 and 2, in sone
enbodi nents, indicator nolecules 116 may be
positioned only in a region that is above a region
193, which region is between source 118 and )
reflector 176. [00437 Referring nowto FIG 4, FIG 4
islao schmmtd @18s€etilitatieswioking lbptd ddlZ- baskdard
3Zﬁ - 410, according to another enbodi nent of the-
tion Sensor 410 includes many of the sane

Ho e [ ng
COTRRRENt  FhorSEEREe i GookugY ke e AP hl O0L0,
sensde @Mﬁ)qﬁsba$ﬁfﬂé2entPndﬁ§wabhE:p9@¢t¢Qﬁﬂaﬂ§0rn120a
sensor Q0 [ e
G A R R T i S
S|dE didcaiutediotrt R0z i des416 of phase YWEHL dach may

o1 S B Foebifin iy Y Sh2 pY=RE AT Bk e s
SIdE Bdfrdraythades angrizemes 418thhesaia dilrmictiobetves

g 1%62 43 ard 15 170. G oove 418 facilitates
i XPhgPase 412 to board 170.' [0045] . Phot odet ector’

b 1 | 4
P&? erabl. 5’3”3#2% g% ec Sgl%rfggggblfi %g{f)n%zegiegﬁ)g%gse
41&@@ }t:-lﬁatofpbbbbséa*séctﬁqm 1gibdes¢3Bhabfmgsiot ddenett or
LR S cRaR) BRe iRt 198NRLAL! YRR paRdT oul ar
7

thfough fllter 134a. Filter 134a may be fixedly

mounted to photodetector 120a. Fdi-example, a .

refractive index (RI)} matching epoxy 501 (see FIG. 5)
"may be used to fix filter 134a to photodetector 120a.

[0047] In some embédimenfs,‘base 412 may include at
least two electrical contacts disposed thereon {(e.g.,

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

- contact 472 are disposed on side 414 of base 412. A
'Wire 473 (or otﬁer electrical connector) preferably
ele&tﬁically'connects phoéodetector 120a to electrical
'contact 471 and a wire 474 {or other electrical
connector} pieferably electrically connects source 118
to electrical contact 472. Contact 471 electrically
_connects 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 board 170 lies and faces in the sane direction as
.top side 414. [0046] Filter 134a is preferably.

di sposed above side 135 of photodetector 120a so
that nost, if not all, light that strikes side 135
must first pass through filter 134a. Filter 134a may
be fixedly nounted to photodetector 120a.

For - exanpl e,

a. refractive inde RI) tchin po ‘
b R AR R g S I L LN
ph@i"@d@E@Hx;&bé_}Zﬁﬁspcl):E&ﬂ%H tha leﬁaeoﬁrmmiidrannsm@tase
412 may i ncl ude, at east. _two ectrical_co cts
i Ehoniar g SBRC(EUPOE OB o HeThAGYS Hor ldnpre be
aSe 3O dd1 1F Gonfecied fHo stirehect 16€adr eadeactidddit
and a secqnd elegtrical contact_472 are di sposed on

Si OR FTFOE BReRdsAd- ARGROFEIRIRY( of" RIS

el gahdd GRInteONBast 04)2 prefarabl ¥ petetdd icmlahy
connect s, phot odet ector 1203 tg glectrical ﬁ%ntagi
ATaLSHEIE AN PREATATEDCIRAEE &PBCEY | 3MFCL dlfeEROF G
prefsranecebectpogal |y connects source 118.- to

el ectrical contact 472. Contact 471 electrically

- CppoEt S t Refeepin@SRANAoNGIGONEACKIGTS \HuathBr
el ectrical interconnect 476. Sinjlar cont 472
el Bty EBR n@ﬁa&weﬁcaﬁ E?aﬁg%%%yﬁ?gct&&n?%?f 477
16rviweran 3aheshdli S@hrddti@BCONAECENGWB. irlCaNIGACt 8 40D,
477 are_preferabug di sposed on tthinqggf %o%[9t170
t it SAUESENdéPt B3 PG G8vE B9B. StUntHth $14F5 Ay 7
mysRe eleekaisglyy fowmeahednt PIG] reuidd 566 or
other circuit on circuit bgard 119. Accor ingl¥, in
Sdﬁgﬁodetector 120a, filter 134a and source 118 afe
aligﬁed. That is, as shown in FIG. 5, both filter
134a and soﬁrce 118 are each disposed in an area that
is over at least a portion of photosensitive side 135

of photodetector 120a.

t6049] Preférably, a non—transpareﬁt, 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 opaque structure.
Epoxy 555 may be uséd,to fix source 118 to base 431
and base 431 to filter 134a.

[00501 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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enbodi nents, base 412 provides a portion of an
electrical path fromcircuit 166 to source 118 and/ or
phot odet ect or 120a. [0048]- Referring nowto FIG 5,
FIG 5 further illustrates the arrangenent of

phot odetector 120a, filter 134a and source 118. As
shown in FIGS. 4 and 5, source 118 is nounted on a
top side 467-of filter 134a. Accordingly, as shown

i nareG frormed d8, 46photoddicant an 1263, 4 idnded.138arand
souyr ¢ 8 -ar al] LS, ‘kn FIG 5, -
bot’g%gﬁa]\&%’erﬁ1 ;eltgfagggggg%%%%%ﬂ%' a‘?tze Zia}%g%dilgposed in
anpaivarihatdirestedetowardeast eadpd?l iwh hgfasing 102.

phgggfggééy Ve fa&@gt&ﬁuoﬁcuﬁﬁgt PHet Ll a5 1208 on end
[0 rerdrably, -a -non-t ransparent, non- :
t r 493l s dritatbdbey48lll srafiesiyes ble beadvedrioroemi 6t4d 8

and _filt 3 Opagye 1 ti revent

| i‘gﬁ{”}‘ Sfilnctitaath Al RS oA abUREL L) ﬁé?g Pde 467
of mblédigkes]l 348, wBahs erdfdonmhyrobbha yutalwgddadadiation,
no] um_t r P structure.
Eools B TekBRpa Eleld e B b OE o RO | e 431
ancobasg ré83ionoofi therankddde P08y |mirimedabhythén -
this_enbodi nent our.ce . i gur =
“or't et ed °§'0%F‘ﬁa%n§r:b§ t?00 Jﬂgoﬁee CP%%?H %'r ar@%ttg ? g%lecmr

t hE28d rderheics st Cthasmedpadd.n a direction 17 away from

side 467, as shown in FIGS. 4 and 5. For exanple, in
t hEOGHIHodi mBrteshinm, navhdd Fght ¢s FifF-i Mariisl ¢

disr.ceﬁ:etmea itc(,)v‘%égéigﬂ x?f%qq %%1 agf oBQf'éé.ln—%a]s%%l' sensox;
GiO, according to another embodiment of the inveﬁtion.
Sensor 610 inclﬁdes.many of the same components as
'sensor 1190. Also,.senéor 610 is similar o sensor 410
in that, in sensor'Glo; photodetector 120a, filter
134a and source 118 are pﬁeferably aligned. Eurtﬁér,
.like in sensor 410, in sensor 610 filter 134a may be
fixedly mounted on side 135 of photodeteétor 120a and
source,li8 may be fixedly mounted on side 467 of '

" filter 134a, and the photodetector 120a,»fiiter 134§,:
source 118 assembly may be located adjacent‘an end 491

of housing 102, as illustrated in FIG. 6.

[0052] However, the oriéntation 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 photodetectqr 120a .

faces in a direction that is substantially
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Preferably, indicator nolecules 116 are | ocated on
end 491 so that they will receive the radiation
emtted fromsource 118. As discussed above,

i ndicator nolecules 116 will respond to the received
radi ation, and the response will be a function of
the -concentration of the analyte being neasured in

the - region of the indicator nolecules-116
PhoeseRAdicder toohhdelenaisvdisal edpen S hpyesay 102-

Refga i 1\, 1Y, thFsths&‘r d1l0G £61¢8r a34C Eﬁﬁ%kc

secti.on view of an optlcal-based sensor

acplvehdrf acsoandefer aeaisbigietEhY BH¥ehed #@éﬁ?l%ﬁo
Sensa éi'aoc i AﬁL;UQ@ﬁ AP b rehBe@ AMer£ AHRORABbLAI B8Nt

sensor so, sensor 610 is sinilar to sensor 410
|n8h¢wn ﬂuib§éné§ﬂa6§@dﬁ§h§P§§@@%%?%W”12@Qa BEPt er

34200 SQYLCE %és oAl e efrepably Bld.gned. Further,

€ in sensor 41 I'n sensor 610 filter 134a may be

f' (58 mourtednan,si 86-d 3% ehePhvspdelactared20a and
source 118 nmay be flxedl¥ mount ed on si de_467 of

f |¢mle?d11®43§5rah§uﬁhé9 FFat Bet b1 abaith Pt BRUEEMR

SO G S Y R&ideacah efowsirac gtk aRomnd
48&16 %é{%%&%l %SH?EMe as ill Sst rated i r@f:l G 6. C’[ b052]

Haveshrer atmq:et@rm@ﬁea@mﬁl%f §otirggampke, housing' 102
d?}gy%eé 9G59041798n 2R dgdilan 1842y | iSRASDLrBI0 bE
|

_ erent than the orientation 1 n sensor 410, For
exaﬁq:me boards a8 orng 10he GPORIRtHfaHstsdetBersEo
393% GReliniAtd ﬁS?éix?g” 1bat E@osm{stmuzamx;s
perpen Icular to the longitudinal axis of housing
102rom Epoxy Technology of Billerica, MA and/or other

epoxies may be used.

100547 While various embodiments/variations of the
present 1nvent10n have been described above, it should
. be understood that they have been presented by way of
| example only, and not limitation. Thus, the breadth
aﬁd scope of the present invention should not be
- Iimited 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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Additionally, in sensor 610, filter 134a and/or

phot odet ector 120a are 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. [00531 In
one or nore of the above described enbodinents,
housing 102 may be filled with a nmaterial to keep

t he conmponents housed in housing 102 from being able
to nove around. For exanple, housing 102 may be
filled with an optical epoxy either before or after
board 170 and the conponents attached thereto are
gizgest ed i nto housing 120. EPO TEK 301-2 Epoxy from
Epoxy Technol ogy of Billerica, MA and/or other
epoxi es may be used. -[0054] While various

enbodi merrrs/ ¥padtabi-onsi @f1 t hens e seRrti cknvRit | R have,
Qﬁenrdgﬁﬁglbedcgbogg it should be under st ood t hat
ey REVE DEen B EEeREEd°By° 6F 2 BeanmFPERP B RS T and
not $|hnu&uuMMEvﬂhmsn bh@ebﬁﬁﬁdﬁhe,and scope of the
pres tlon sh mted

Phe SBoVEAE Rt D et Erasr by P aHsar RS Buie east
as ﬁeatdorbendehe nted:eanlsyrmcacnorcdan@@asmgt h the
fol Nt Ak ARLOPL SOul VAL AL, 00 GAMS L

An el ectro-optical sensin i ce for ée?ectlng t he
pr esenéeror E&@T@éﬁt?@t@l@ncmnm@naﬂoytt@e comprisi hgard

f@rh&%@%dﬁlnea¥'f@bdﬁ%sgu5§rtﬁgj n@gsaTé% nggééiééé of
i ndi cator nol ecul’'es | ocated on at [east

a second photodetector connected to the circuit board
for detecting the response of a reference fluorescent
element; and

a radiation source positioned a distance above the

. photosensitive sides of the first and second

rhotodetectors.

2. The sensing device of claim 1, further comprising
first and second optical filters covering the
photosensitive sides of the first and second

photodetectors, respectively.

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

bottom side of the circuit board.
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a portion of the outer surface of the housing; a
circuit board housed within the housing; a first
phot odet ect or connected to the circuit board for
detecting a response of the indicator nolecules; a
second phot odet ector connected to the circuit board
for detecting the response of a reference fluorescent
el enent; and a radiation source positioned a distance
above the photosensitive sides of the first and
second photodetectors. 2. The sensing device of
claim1, further conprising first and second optica
filters el th ot nsitive sides of th
firs 'anggée%%n ngpﬁ%?%%%f%i?%?%% %egﬁgg %%g?§.n§?
CRheo sensitnge deivdese 06f tiet diims2, anfheregiondt Pleotcclerceat ¢rs

a LISt \( | ndi ng
a?%e%@? r?UE%?ﬁﬁﬁgﬁ i%E&?ﬂgﬂggﬁgggéﬁﬁ&gécond optica
filters are respectively di sposed, and under which
the 4irstpands.secendqphorodeiectars,are regpecth vely,
attached to the bottomside of the circuit board. 20
r&LeNPRE S SHSICAGSERVE cRIBTeREl diSmPsLhhErsl Pt et the
sBhet@sepsitdversidas ghqt haubbesteang: secodseterninad
phot odetectors are covered with black |ight-Dblocking
"8BBXSL95: The sensing device of claim3, wherein the
reference fluorescent elenment is positioned on top of
t he seCﬁFd optical filter ?nd fJuoresce% at_a

er mhe £

pr edet A PelSENGER, OF ctaims 4o wherein the

reference flucrescent element is terbium.

7. The sensing device o¢f any one of claims 2 to 6,
wherein the first and second optical filters <filter

different wavelengths of light.

8. The sensing device of any one of claims 1 to 7,
wherein the radiation source is attached to a side of a
supporf member that lies on a plane that is substantially
perpendicular to a plane on which a top side of the circuit

board lies.

g, The sensing device of claim 8, wherein the
circuit board has a groove in the top side thereof and the

support member has an end inserted into the groove,
10. The sensing device o©of any one of claims 1 to 9,

wherein the distance ranges between about 0.010 inches and

0.030 inches.
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6. The sensing device of clains 4 or 5, wherein the
reference fluorescent elenent is terbium 7. The
sensing device of any one of clainms 2 to 6, wherein
the first and second optical filters filter
different wavel engths of |light. 8 The, sensing
device of any one of clains 1 to 7, wherein the
radi ati on source is attached to a side of a support
menber that lies on a plane that is substantially
perpendi cul ar to a plane on which a top side of the
circuit board lies. 9. The sensing device of claim
8, wher eirct Q@nsﬁ%(‘d‘ékﬁcbo@f dcm%l a,0EQPVee A ra:oﬁnﬁeléprp;
side thereof and t sueport nenber has an end
& NSErieEdOrnt®erRe GPe6Ve. IR TR SeRstHPidesRuEEeofand
nARYnONE @fr16kaivB 1ab 0cihe Adber etk the: di $anterce.
ranges between about 0.010 inches and 0.030 inches.
21 11. The sensing device of claim1, further
conp:rzi Simge aefefdeckorlcspacesiapant , f vomdiRethe first
di ati on source and having a reflective side._that
cesseccoﬁlg Rt tEERORT SUUY c8T° 1 PO HhE L& hsiig HevPERTHT"
b@haath.lh wheireel Nbéheschi r she ardisetend source and the
ghgégggkpct rs_ggsrpos% ned in a location beneath
Batween The  fadiati'on source and the
reflectlve S|de of the reflector 13. The sensing
devi ejn t 0sensi [
of the flrst %%%&%gcg%%Eb ot%get%g g}sﬁgfa€%1¥%l§ 6
raPrestnsanigabsidat icdl [thepéipehdifclls@cond piwrodetectors
sbLeati og thakeths, rebbecliv 806 ofpdaect el eehorene

f aces.
direction that the reflective side of the reflector faces.

=

14. The sensing device of c¢laim 13, wherein the
photosensitive sides of the first and second photodetectors

are positioned below the top side of the circuit board.

15. The sensing device of any one of claims 11 to 14,
whereiln said circuit board has & groove in the top side
thereof and said reflector has an end inserted into said

greoove.

16. The sensing device of c¢laim 8, wherein a first
electrical contact is disposed on a surface of the suppert
member and the radiation source is electrically connected

to the electrical contact.
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14. The sensing device of claim 13, wherein the

phot osensitive sides of the first and second
phot odet ectors are positioned below the top side of
the circuit board. 15. The sensing device of any one
of claims 11 to 14, wherein said circuit board has a
groove in the top side thereof and said reflector

has an end inserted into said groove. 16. The
sensing device of claim8, wherein a first

el ectrical contact is disposed on a surface of the
support nenber and the radiation source is

el eci7.i cahky seRNALIREG cb 0ot he: BlneQlel | Gak-£ONtAGt £1 22+
i?. The sensing device of claim 16, wherein the first
SeFEttT9%cal © dcttS sSERCEFREAY | FORBIMSS kP t & gecond
eSecoritalekestsdcali spoBEaCin dihsposes:ianbhescircuit
board. 18. The sensing device of claim17, further
conprising a circuit trace disposed on or within the
suppidr.t meabersensangf untviioas tar el etdid calify canpegdr
cé{ﬂg]éztsfrz_:nggglt aelccg:r?écgllcit%lal E%é)cpet a%tis\;/)\doggdt I'})en Sggonvgithin the
support member that functions to electrically connect the

first electrical contact with the second electrical

contact.



