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&N (57) Abstract: An electro- -optical sensing device for detcctmg the presence and concentration of an analyte in a liquid or gaseous
mediam includes a pair of indicator elements positioned to receive radiation from a radiation source and transmit radiation to a pair

) of photosensitive elements. The indicator elements each contain indicator molecnles having an optical characteristic responsive to

- the presence of an analyte; however, one of the indicator elements is covered by an analyte-impermeable chamber that renders the
indicator element insensitive to the presence of the analyte in the medium outside the chamber so that it can be used as a reference to
cancel environmental and systemic varjables thar affect both indicator elements, The chamber preferably holds an analyte-containing
fluid in contact with the reference indicator element so that the indicator elements operate under nominaily identical conditions. The

;a indicator element used to measare the analyte in the external medium is preferably also covered, but in a manner that provides direct
contact between the analyte and the indicator element. :
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K\ 1 W[ﬁﬂ'ﬂl] kf[?\hé/ in%lr'eznlglén rwgt-éﬂo electr((l)-cS)pﬁcal sensing devices for detecting the presence or
concentration of an analyte in a liquid or gaseous medium. More particularly, the invention relates
‘o an electro-optical sensing device having a signal channel responsive to the presence of an analyte
- in a liquid or gaseous medium and a reference channel that is not responsive to the presence of the

_ analyte in the medium.

Discussion of the Background Art
[0002)  U.S. Patent No. 5,517,313, the disclosure of which is incorporated herein by reference,

describes an electro-optical sensing device that detects the presence and amount of an analyte using

- fluorescence of an indicator molecule. Broadly speaking, in the context of the field of the present
invention, indicator molecules are molecules having one or more optical characteristics affected by

+ the local presence of an analyte. In one embodiment of the device according to U.S. Patent No.

+ 5,517,313, a light source is located at least partially within a layer of material containing indicator
molecules that fluoresce when illuminated by the light source. Alternatively, the light source is
located at least partially within a wave guide layer such that light emitted by the source strikes and
causes the indicator molecules to fluoresce. A high-pass filter allows fluorescent light emitted by
the indicator molecules to reach a photosensitive element while filtering out scattered light from the
light source.

- [0003]  The fluorescence of the indicator molecules employed in the device described in U.S.
Patent No. 5,517,313 is modulated, i.e., attenuated or enhanced, by the local presence of an analyte.
For example, the orange-red fluorescence of the complex tris(4,7-diphenyl-1,10-

. phenanthroline)ruthenium(II) perchlorate is quenched by the local presence of oxygen. Therefore,

this complex can be used advantageously as the indicator molecule in an oxygen sensor. Indicator

‘molecules whose fluorescence properties are affected by various other analytes are known as well,
[0004]  In the sensing device described in U.S. Patent No. 5,517,313, the material containing the

- indicator molecules is permeable to the analyte. Thus, the analyte can diffise into the material from
the surrounding test medium, thereby affecting the fluorescence of the indicator molecules. The

light source, indicator molecule-containing material, high-pass filter; and photodetector are
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for detecting the presence and concentration of an anal ¥ §qioBegpkaui d or
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nol ecul es having an optical characteristic responsive to the presence of
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“the p fhe gxamp ﬁ fhg indicagpr mplechls Rugfiepium tris-biphenylphenanthroline, for

- example, the relationship between indicator fluorescence and oxygen concentratlon is described by

=1

the Stern-Volmer equation:
V1, = 1+Kgy [pO,]

where I/, is an intensity ratio, pO, is oxygen concentration, and K_, is the Stern-Volmer constant.
If the output from a sensor constructed using this type of indicator were recorded from within an
environment which isolated all variables except oxygen concentration, we should see a plot as
- shown in FIG. 1. One can employ the Stern-Volmer plot as shown to measure an intensity in the
- presence and absence of oxygen (the analyte) and then find the corresponding oxygen concentration
- from the x-axis using the plot as a calibration curve.
- [0007]  Inreality, however, Kgy is a function of temperature, and in most practical applications,
- the temperature of the test medium can be expected to change substantially, The temperawrecan™ ~ - -— =
also change very rapidly. To account for the temperature sensitivity of Ky, the Stern-Volmer
. relationship can be represented by a series of curves, as shown in FIG. 2, corresponding to different
temperatures,
- [0008]  Introduction of 2 SECONU vartudIS SUGLL Uy WHIPETATUre s makes measurement of fhe :

. first variable (i.e., analyte concentration) much more difficult. kis necessary to know the
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D scussion of the Back and Art [0002] U. S. Patent No. 5,517,313, the
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the context of the field of the present invention, indicator nolecules are
nol ecul es having one or nore optical characteristics affected by the |ocal
presence of an analyte. In one enbodi ment of the device according to U. S

Patent, No. 5,517, 3%3 a light source is located at |least partially within
a | ayelcOBFrafEs asciuaichyinorder i kngwiwidcheofithe StemoY ddmar plats thuse forifindingsbe when

i1 um m%@geﬂé&cédﬂmnﬁ&féﬁasﬁdﬁﬁ{eﬂﬁﬁy Wby, the light source is

| ocated at |east partially wthin a wave gui de |ayer such that |ight
eni tt e8] t han §WFI&%0f§m¢ﬁhkreeﬂm’dal vedalde’s sighal drifid |ant mﬂesmpzbdacﬂableshdno

fl | I I h h
i ndi corapealrbarR At iiabin, 88 ohink FORDE et sietee (Om oriy ou

scat t esuehl diift gkimplesaimiliusieated bygiiﬁotosmﬁdmen il B0 0&} offthe iddidar REGEMERA tAS- t he

_ i ndi c ecu ed..in the device described in U S. Patent No.
LB, 5176%‘%3? n@ ﬁf‘i“["@gp Jl‘?txgx‘da%"‘t orRrgtoskleashing, i a well descpbedidegradgion presence

~of  an vish yéctrs withla (RFRAIY FhotdchniRAIRRAS dnSRcir B

65RO EGicab | ex
tris(4,7-di phenyl- 1, 10- phenanthroli ne)rut heni un(l11) perc]i{%n’a tbgéﬁlps

© quenc HEIEHY Q%fe‘e ce5¢ é’fﬂ‘ﬁ r"@é,‘@FRE Ruienigma teie-hiphanylphepapthsolinet the phatedegtadatianan be

used - agb¢ae Ao QY eﬁzel‘b'flmgﬁﬁé’cﬂﬁl rBREGE Rk Qs il o @oxpafféﬁgﬁa epeﬁlrf}%neg

| ndi cat or nol ecu rescence propertres are a vari ous

“ot her - Hiewton eféthaﬂ‘éld@tN)mh&Blawwﬂubtme [O)medjudizad tiiecindieatsr losgs itkudwe descri bed

ol ccdERAER obBucnod ond I sl B B e 1 e angprperser o

t he -nmadueta ﬂiotd-omﬂmdnhes@aﬂimpuw owg ﬂie%&éwd’@ @émﬁ&atﬁrh Gélﬁhyenﬁfrirﬁﬁfeé?ﬁ&nﬁ e

fluor ée%aﬁ %he in a{g | ec The ht source, indicator
" molec eyl 3 cpaelet plfot i e mﬂ@ér Fill o voaia Homoyolmee -- 1
27 Octdamau&gﬂét YER13 Q909 B A AER @felsg asgmr%ug,{geﬁhat
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|solat§ the effects of analyte concentration from all other variables that
may i nflueite operation of the device. One way to do this is to neasure all

_ other [oo0] ueryet ﬁothb@é*a@:?ﬂ@&eﬁ%ﬂﬁﬂt:ﬁ@ﬂfé b AR BUHCRE B BRfLaARANE N L he
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: the calibration. . Light source drift can be caused by transient changes in the sensor power supply or
~ due to simple operational life degradation in the light source itself. Some means of correcting for
- this drift is necessary to making an accurate analyte measurement from sensor-supplied data.
--[0011} . From the above, it will be appreciated that, in order to design an electro-optical sensing
. -device for the purpose of measuring a single analyte, some means of correcting for kinetic,
- molecular stability, and system influences which would otherwise iﬁtcoduce error info the
measurement is required. These influential factors can become complex and are highly
interdependent. For example, an increase in temperature will also tend to increase the rate of

- degradation due to photo-oxidation. There are many more known and often unknown influential




{

Cdiffi P
- ECT) SR /ORGSR Bl AEFHRALE RS KTNSO LS

descri bing and predicting its behavior over tinme. [0006] In the exanple of
the indicator nol ecul e Rutheniumtris-bi phenyl phenari t 70D¢tnkgr 2009
exanpl e, the relationship between indicator fluorescence and oxygen

- concent r atwemhmesiescri bed by the Stern Vol nmer equatiOI}bTh{Sbglﬁﬂ+st [p_02]

where I/1ois an intensity ratio, pQ2 is oxygen concentration, and K,,, is
the Stern-Volnmer constant. |If the output froma. sensor constructed using
this type of indicator were recorded fromw thin an environment which

i.sol at gd al Vtﬁéi abl es except _oxygen concentration, we should see a plot as

shown JffoB thrseesxpmplesdgserihpds Fhe wput is 2 veny eamplsk and difficulitvwndestandasur e
an i nteAsd dHinteRlichdiBent RESHRR B BREUFAFER B4R agéur%?g)%? Paheégulfé%leﬁp ¥ flci@nd then

find the correspondi ng oxygen concéntration e X-axl§ using the plot
as a centicesgusingrdeyieeve. [ 00071 In reality, however, Ksv is a function of

t emper e, ' |Gl ,applkcations. . . the tenperature of the
t est n@glﬁdm C%%%ﬂ%d@égg%ﬁ g %drc HRge 8#:%03?%{1\’351? 105 15 9,60 BFFEE can
al so othampd thacis yespenpiseity all Faishies exvapt thopresches dfenmaniptedn heefREal i Vity of

KSv, the.Stern-\Mol ner  .relatiqnship, can be represented by a series of
cur veshvigntont e ofiipy: fromaic sofirence phanael maithen herpita sameck b ofirchpt et

[ 0008]vatiableo6ii it s@Bing chansISHP BhntAe by ABAE the b JPillcSARERY MH Wiitre makes
measur mar& of the fTirst variabl'e (i.e., analyte concentration) nuch nore
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Stern-Vol ner plots to use for correct oxygen concen

fr om dingedbisrcashresthaspay changesin diee, ouf00 €8ip is\ueentitelyl te anf change ih elie dnifuntiet i al

vari abl.e. | lgnal drift.  Drift is |less predictable than tenperature _
because esirrﬁﬁei xfgéa %4&?%%, and often, unknown, factors are causative.
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oxyge i : | L eac results j e coval ent _and.per manent
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out with the same base chemistry as the sensing or signal channel but is further processed to block
- -oxygen diffusjon, for example by coating the refefence channel with a material that is impermeable
to oxygen.
[0014]  This approach, however, may induce other differences between the channels that canmot
be canceled by taking the ratio of the outputs. For example, the output from the reference channel
may be increased or decreased due to reflectivity of the coating material. ‘If the gain stages for each
.channel are designed the same, one could be running at substantially higher levels than the other due
to differences in reflectivity. In addition, ambient light that might be present in the external
- environment at the same wavelength as the fluorescent emission would probably not be picked-up

* by the reference channel and, thus, would probably not be canceled.
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anplitude as a result of ongoing drift due to photo-oxidative degradation.
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- intensity. Further, because there is less oxygen in equilibrium with the reference channel on

- average in this example, the rate of photo-oxidation (beyond the previously described light scatter
- influence) will be reduced by the ratio of oxygen in the coating versus oxygen in air. Any chemical
- reaction with alteration of, or inclusion of, the chemical components of the coating material within
‘the indicator matrix upon initial application will alter the performance characieristics relative to the

signal channel.

[0018]  FIG. 4 illustrates an optical sensing device 10 of the same general type as described in
U.S, Patent No. 6,330,464 having an excitation source 12 in the form of an LED mounted on a
substrate 14 within a housing 16, a pair of indicator membranes 18A and 18B mounted over
openings 20A and 20B formed in the housing, and a pair of photosensitive elements 22A and 22B
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_cdnt.ajf”fni ng the sane indicator chem stry as the measuring channel, except

, t-hat/t he reference channel is coated with varnish to repgefbid2gosper meabl e
to oxygen. U S. Patent Application Serial No. 09/353,148, filed August 26,
1999 and epbighhoask:” Optical - Based Sensing Devices" (whichaip g-53S, S
Patent No.; 6,330,464 on Decenber 11, 2001), the discl OSUFEE%‘%?IV\}N chis

I’'ncor porated herein by reference, discloses another fluorescent oxygen

/sensing device having a reference channel that starts out with the sane
;

./ base chemi stry as the_sensing or signal channel but is further processed to
/bl ock °T9RpgHEts siics pithe BED. flbe indicatop membianesdaye thg sathebase flensstoehabavenel Wi t h

/o . S )

/- a mat ek #HdichRdakn hﬂgq:a??%;;,;ﬁe&% . 1 This roach, however,
may in_ducelcot her difTerences %%‘{&gle%qu&é’ﬁ%%%@é‘ﬂ?aﬁ%ﬁ:ﬂ?‘gﬁlﬁw be cancel ed
by t akimpgrmeable faoiygemin anlatteropittp fiirs. a Eferenexchaphed, the out put fromthe

i h . be i qr decreased dye to reflectivity of th
 cont: BRI AR i b S s e R e O SRR t e
- same, itingratingi$ighifeantly differgt AbpdaTEARS &igdd dndvehore HRNRISovehAle iRt her

due to .d%_f{er ences in reflectivity. In addition, anbient Iight that m ght
“ be pr&SEAL oS time furmgwhich the seasipg Aetedn expaseditn ambisnirinkay e esgnstana exiighe

11 uor Qpa@itra@Si S6laBe Wekiht B SRR naPBIREKEL AihngDiuh i ST £ ENCE

channel and, thus, woul d probably not be cance ober 5 WO
02109db% s feskedbubnisasasinedoucsipn that males iterprethitibh of the csulisaprpieam f r om t he

fact .t SUuh . ' rti f {he oating create.the dom nant
pr oper[?%] o'Thtl t Ee oﬁx&?ﬁe&ﬁ% 5&%%2%5‘%?13\%%?Iagtgoqsﬁgu%ﬂ%ﬁ?%%f?mﬁrdB’EJ'ég*H of the
- indi c dectiomtRer exdmpby, U Patext Mo 4861, 71 7end 5100309, tiy @6 dischiuRf of WRcgSeNnsi ng
channel .. Susceﬁ)hi bili t%fﬁt 0 dyst .and condensation, chenjcal conpatibility,
and wékr ICRBUFRT BECDby deipience describersygenseners el qyinediodifferent bmptgpidet i

al 50 dupAGEEehdrtAmPRCH BRI Gt attive URTtAL Wi enb b MERRES LAY face
t ur bul enc woul d be different in a réfereneggﬂg%’hanne t%at%hggg g‘gﬁé

v pl anid@enshed bierygemtnd e cugppirbesed indicator pring largelyamefeqied tyroxygend iH.8usi on
. ch |Gt | i f - . . 1.0xi dat i ld b
TS g i o WS BB AR

expect ed to bé dranmti c erent as
i-nf | udagssibésamroxyien senonin wigchasinglaindivsiof soletule Bimhdiated st deltalx waReltdpeh

i ndic lecul e. Thi uld.result in different. rates of
~ phot o%‘?%ﬁc |%§GGP %eeepgﬂﬁﬁs?y\g@'%mokﬁaﬁ IW?S‘H‘%%%WF Y LGS SPECL ¢ he
- ref er daviag tiediffedent sefHBATds tb oRQEL. 8ickMically) the leHiBioR Bhechd ihid fo¥s Of t he
analyte within the coating material wll establish the concentration as

seen’ BYPSHHYE 13 FPEPLH CEA anvferencets fatiothepoemissiondnigusifivsl [i% Prentd¥osgen, ,  the
- 1 nher gnfen 306 st 4 728y420f it BRir€ 8RL1bRGes TR IR Ich e AR in ogﬁgdﬂt\.‘in%ljlb Ffér@z?c oxygen
| evel maintained at the interface between the coatlng nater at Cana t he top
~ sur f afescgbe 2 rdiometrisy fusrescancrprygbn seasisgimethgd empleying eirefbichdetryoleaniathatds i N an
CaUn | MR ARGROAEY ) adHHER nhEPPholddB 086 PREERNA" Bt el 9e" 11
.- molecule. Additionally, Muller, B., et al.; ANALYST, Vol. 121, pp. 339-343 (March 1996), the

- entire disclosure of which is incorporated herein by reference, describes a fluorescence sensor for

e
bi ng

dissolved CO,, in which a blue LED light source is directed through a fiber optic coupler to an
- . indicator channel and to a separate reference photodetector which detects changes in the LED light
intensity.
[0021] = In addition, U.S. Patent No. 4,580,059, the entire disclosure of which is incorporated
~herein by reference, describes a fluorescent-based sensor containing a reference light measuring cell
for measuring changes in the intensity of the excitation light source -- see, e.g., column 10, lines 1,

-et seq. Furthermore, U.S. Patent No. 4,617,277, the entire disclosure of which is also incorporated
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housing,

then the reference channel will "see" a relatively anoxic environment. It
will therefore performas if it were in an anoxic envi pogdder 2045 t he

i ndi cator nol ecule were a Ru conplex as nentioned above, then the
fluorescence of the reference channel will be nmuch greater than the signal
channel at sensor baseline because of the inverse relationship between
oxygen quenching and fluorescence intensity Further, because there is

| ess oxyg |I|br mvmth e ce ch nnel average in this
exanpl e, gﬁgmr %%‘?ﬂcﬁh Rszipa qog??“(: 9%?:4&6‘95}% %rcéxhol%i%qf&?xﬂ]és@rl bed |i ght
- scatter wmdhtaqefeeéncweiehwh?reﬂ@&yﬁgﬂk R bBurlca td Qre@ére %fbcbﬂ‘t& he Coat' ng
versus oxygen in air. Any chem call reaction with alteration of

i ncl usi ondﬁﬁﬂnlﬂ‘héfh@hémeaalﬂllgcnlﬁmlénc@smplameob@a tngxmva:mblleablwmhdnga t he

i ndi cator matri x on initial C .er the perfor.nance

characteristics ;rg%tl v%m%nﬁfﬁg% ﬁﬁgﬂr ﬁﬁéﬁh& tlf%@i%ﬁm e(‘ilcelf‘“ﬁ}a? ustrat es

- an opti cafefeeii dhgnith® tia€ fespéhdefin EREntBATRhOGAY Bhadey BB MmASHH dghdin U. S.
- Patent No. 6,330,464 having an excitation source 12 in the formof an LED

mount ed of? Al enyirpsmentaland sysiEmis factarsragantdbe nesenge phan analyte abiintaesom

menbr anesy, pted over openings 20A and 20B formed in the
%%ﬁteﬁﬁg#ﬁgpﬂ% otosensitive el enments 22A and 22B 27 Cctober 2005

WO 02/ 090951 PCT/ uso2/ 13734 on opposite sides of the LED. The indicator

nmenbranes have the same basg/MIAR¥ION THEIWSMENTION he indi cator menmbrane

shown on the right in FIG 4 is coated with a material 24 that is '

i nper meabl e to o¥yasprdancearithe figgtpspecioofithe meaentmx@nmm@hamsmxemec[ 8019]

chown i n Pt GltaPiendit Uihict AXhelc R bR phbact TR A ealhelit”, h°

si gnal anig anehiiendeictiantighid odgaseoaimediua) dadudipes hoe opfndidamie elffiehtd Whi ch
t he sensi n% device is exposed tq anbient air having a constant oxygen

concent r BRQSEipneq fo ]i?ﬁ‘ﬂ"%%x%téﬂ?fl Fagigiion ﬁ'@n’f aradiption sewree andjiedranamid r ef er ence
channel QUL PULBradRtBRTq éﬂ ?1‘ Igl}g)ltds@ﬁm ERLLEdThO H‘PB%QE ]ef% e%%éeéri? function

- that makes |nterpretat|o res s conpl ex. ion to the
f or egoi ng:;ontahmmdlcatoe notlévatesravingda opﬁca] s:hairgctanstefregpenslee ttuthe peesaveloft e

det ecti on. [-Y‘ glng U.S.. Pat ni!l 4,861,727 and 5,190, 729,  the
entire di¥ABYH FingApclesing %t&npi?f“%ﬁee et ansh serpnd phetpssagitive descr i be
OXygen Sed&Réts the Yirdl dnd WeoRl fdedatitteldnddtd 2Rk %ereﬂ%ﬁﬁﬁ%{‘gfd&%{o?r

chemistries that emt at two different wavel’engths, a terbi um based
i ndi cat orelgyeenids expoegdcth @d ebierioxgffbe device ﬂnrmgh@plaamdmaéecb forméed tirarghbei ng

I I h
a8 otur AP ERERR P BERR lsios e PILETi MRine e Aol et SR acr 1 bes an

oxygen sgn&ehcd of atin@RtAinS Iﬂéﬂl&nleﬁt&xﬁﬂﬁt@ﬁlc e ies Uliréift shiflsendtifdcabr @
certain wavel ength -and the fluorescence em tted by the nolecule is

 measur ed RPNt iSfpt axpased tnthe exiesen ofifhe gedes and ip a0t tegponsive ¢i the eresance

Sensi I Videl §8 ahfly @ 8 nedfhfi Ehlehifld e dbliGe. H0RH0 Ind BEEL RN 18 1 ess

elements is covered by an analyte-impermeable chamber that renders the indicator
element insensitive to the presence of the analyte in the external environment so that it
can be used as a reference to cancel environmental and systemic variables that affect
both indicator elements. The chamber preferably holds an analyte-containing fluid in
contact with the reference indicator element so that the indicator elements operate under
nominally identical conditions. The indicator element used to measure the analyte in the
external medium is preferably also covered, but in a manner that provides direct contact
between the analyte and the indicator element.

The reference can be used to compensate or correct for: changes or drift in the

component operation intrinsic to the make-up of the sensing device; environment




sensitive to oxygen is used as a reference to ratio the two em ssion

intensities. US. Patent Nos. .5,462,880 and 5, 728, 42227 Dagbentaose

di scl osures of which are also incorporated herein by reference, describe a

radi ometric fluorescence oxygen sensing nmethod enploying a reference

nol ecule that is substantially unaffected by oxygen and has a

phot odeconposition rate simlar to the indicator nolecule. Additionally,

Mul ler, B., et al. A%LY T, Vol. 121, pp. 339-343 (March 1996), the entire

di scl osur $ongfteRsicigmal to the ssen gF eembiartans thejeqle fef exgple. deatelierens a

fl uoresce L S5k j e h; j source is

directed ﬁ&oﬁg?}!&gfﬁ‘%?s%%ti o cgﬁ%ﬁgﬁa{ﬂgwgﬁ%lgﬂ??g%dg& ?E%\%g@mand to a

~ separ at e thafgsr egieeoithotaliktios stacevhacges défbetvtgshe hafigamniaon deasitifby 6ff ght
intensity 021] In additio U S. Patent No. 4,580,059, the entire

~di scl osur%leg)goéﬂ%néﬁwfagﬁepﬁé‘t?r gﬁf’%‘fréﬂon ﬁi‘etﬁ%?rﬁhwrﬁ%‘ﬁ%‘?%%c ,anﬁﬁss]&xﬂ%es a

f1 uor esceniiifios adnEBG Aty SAAE RldalE efericfLERN GEolhbOBlaniRAS e grenel | for

measuring changes in the intensity of the excitation Iight source - see,

e.g., col¢ampensed 1o empensate encosteef. for enyitohmential variables (. Ravenmblédo. 4, 617, 277,

h [ ' f..whi ' l. [ d ' f ,
tosor! bed SHEREABP A Tord B bl dEnBR A PR Bt R W e &

r ef er enceopticelnahiatactesibli@air appdretioptic A TharaGemstks of theandiefi6F mBREuIhOt ocel | to
det erm ne when a neasuring el ement needs replacenent due to irreversible

col or chafigepectirrepidhe arpsencs onconsertrationtaighemnelyter an el ectro-opti cal

sensing devi ce Wil dhRaal ENARENSERARNS Al EPRONIR BFERERLIEL Y, L e

sane nanner as the neasurin nne envi ronmnen em c

factors esocdqtirotdpeicpirsessng devide iacludinglayhdiaidn doukRrtB&tentii radiBgo frgtr nal

envi ronnent.. SU RY OF. THE. | NVENTI 8\| In accordance with a first aspect of
the presdtid SErRAdmMOPIRENsitiysclementsfonligared (o Feceiyr sdiation e ioutmt ansi ng devi ce
for detecliidiged Benflif & i f i anbi ent
fluid (i.e, i e gg‘%gglﬂggetﬁ’gg‘?ﬁ%‘fﬁ%ﬁ}& 1&3‘%261%21?49t¥§?31f1h§?§t§t or

el enent s regaved wilatien fiom the exdiaten ergict ahd wriranantitahdiatior todhe first agd at i on

source and t ransm.t resultant radiation to a pair of photosensitive

el enent s.Se‘i‘H’% Hﬁwgis‘é%ﬁltbvre_eszné f?pgﬁﬁ’ﬁfi’gﬁﬁ? F3fox ﬁﬁ?ﬁ%ﬁ §IChfoPEEUN®s havi ng
an opt i cghdiehtof mele@hles with ah SpRAN ShatBetbstich&pBhESERT e PleseB oA Y€ a
housi ng encl osing the radiation source, the first and second photosensitive

el enent s 2aAlte; prd an analyterirdperarcalbld chambarabvering at heast asportion ofithe sedomds ai d

first ingj is exposed to. an exterior. of the device through at
oot ondBENE! cleRLBTE A 1d Sfe R B PimB Y fistLinSenstivg o) B wirvshctac of
el enent  @f thidwhalyoetsi d1gedidmcxieindl €5 HRMUBYI¢E wihereth sad BEE IRl chiingd@dl Yte in a
nmedi um external to the device, wherein said second indicator elenment is

not expod@futdroyaunicationvith §id extermalayediem and said sepond indigatorsdioment s t he
Pr €SENCE not in fluid communication with said external medium, and wherein said hermetically-
sealed chamber contains an analyte-containing fluid in contact with said second indicator
element; whereby the ratio of output signals from the first and second photosensitive
elements can be used to measure the presence and concentration of the analyte in the
external medium.
| The chamber of the sensing device can be filled with an analyte-containing
fluid. The fluid can be a liquid (e.g., water) or a gas (e.g., air). The analyte-containing
fluid can be of the same type as the external medium or of a different type. If the analyte
is a gas, the partial pressure of the analyte in the chamber fluid is preferably within the
range of expected partial pressures of the analyte in the surrounding medium.

An example of a suitable indicator molecule is tris(4,7-diphenyl-1,10-

phenanthroline)ruthenium(II) perchlorate.
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of the analyte in the nmediumexternal to the device. However, one of the
indicator elenents is covered by an anal yt e-i nper neabl g7 ckamsberodshat
renders the indicator elenent insensitive to the presence of the anal yte
in the external environnent so that it can be used as a reference to
cancel environnental and system c variables that affect both indicator
el enents. The chanber preferably holds an anal yte-containing fluid in

contact with the.tef.er.ence .i ndi,cator .el ement hat fhe indi,cator elenments
operate under n eﬁSYlﬁ/calndgﬁﬁi%%%‘O‘@W?'i"g%i&rﬁ@? e&%‘ﬁ?‘d@%@ﬁent used
t 0 neasur eleinegtsANalfiydt and Becohi@ phérsiensifiat clRhiAndshdrAfMHbakbucal AR cover ed,

but in a manner that provides direct contact between the analyte and the
i ndi cat or aAlEgERpermpaklecayecan be moynted onthehpusingdo dplnrsaitenstr partipn eft f or :

changes o j ' : . e longdntrinsic to the ke-up of
t he sensi ﬂlg %gbej%%lje({a‘{éeﬁr}% tpg gér?éﬁ? %gf}ca@‘teg%% rn(B'ZHl oAt %ﬂgeég%tg‘?nal to the
sensor; ohowtppiheateandindibaoesémetrand anqoiver cahibe nidntddediCeposiaisiie ofsed to

conpensat e or c,orre%t for internal variables induced by, anpng ot her
things: atieRgeyns fheefingdheghagbes hgrebetwesmahbesovar favinrlge g RRIgEBL or mance or
sensitivi . %;HHE (R RS . Weln he i ndi cat or
nol ecul es%ﬁgrﬁfgﬁ%%gﬁ? t r%sef?% ib{é%%iecgﬁh?rans%oggﬁ%la{l%‘gfg&%t%@tﬁt I cat or '

el ement s, preferably foroiel of mexdmnesalytdysermeditde @rst eover am Heo bis agduhied ocanpensat e
“or correc or .enviraonnental. variables. (e.g., variables influenced by
factors extePHaPe Py r§kipdieator §EBW“5§‘_( ‘ﬁé\%rgﬁﬁr@)‘?"_"%@ pduder B eect the
optical chahadhRfdiRbhaPodroRBP AL onfRidiEMon BRAIRS U fist dfiRalhdicher

i ndi cator nol ecule ifrespective of the presence or concentration of the
anal yt e. ¢lementcod denaxéernilirhediurg e Eustchnd spepat] opéningrecaprbedemed indlent i on, there

1S provided . an ctro-0ptical, sensi devi ce . i ncl udi a radi.ation source
t hat eni '(tjléoq]lS W ‘gﬂ] nga; érﬁ lflg’tcatoéﬁlﬁn?gti%ﬁgh%ﬁfﬂ WSTPFWQ% ci—ff’l‘@ﬁ?eéng:onf i gured

t o recei vi@otifted ah bpbsRO SideddfHE figdd opstiRE hd 8R! se&dndNAdicAtDr £165PANSE Mer et o;

first and second indicator elements positioned to receive radiation from

t he radi aebie-aparmeatls secpnd coven aing maaiegtanoppogite sidesfof thetseeord  second

phot osensi t | I Y e d ndicator ,el enent s C

cont ai ni n%}ehliﬁgé(?ggﬂéggéﬁh?rﬁgeﬁﬁ?g@r%e&g%htIg’StﬂlrEg{a 88%C§Pg8?‘éerrf’ g eipé‘%?rgglﬁonsi ve
to the prabsac@lefsimilar iacalfiduesticanditiathe2Redpyibe of thedoreabl e chanber covering
at least a portion of the second  indicator elenent so as to render the
second i ndi cat or IPICEPRaprCe il drind; agpect of the proseridpyraiongherepeprakided ee in a
medi um e g ' L sajdaf -l ndi pent is in
i d conmamndtordsichlf AFMeRRe ARLELR P Ehifathl Shg b GRLMnBLETTT ot or

el enent ipoviding anreldctrotogtica maaninddvi@rconiaiting afickt end & sevahd imlddaton,  and

. ) X Y- ‘ ip te. S
_ }/\/lnﬁlr gl In nse %ﬁffng%%ac Fcbﬁ%@ﬁ nég:gtls)ﬁgm %ﬁ%géggg grtl gll)t?csal c narf?c?gr&s%c?esgggsti\% ning

to the presence of an analyte and positioned to receive excitation radiation from a

radiation source and to transmit resultant radiation to a pair of photosensitive elements,
and wherein said first indicator element is covered by a cover having at least one bore
therethrough and said second indicator element is covered by an analyte-impermeable,
hermetically-sealed chamber that renders the second indicator element insensitive to the
presence of the analyte in the medium external to the device; introducing a medium to
contact said first indicator element through the bore in said cover; activating said
radiation source to emit radiation to said first and second indicator elements, and
optically detecting an optical response of said first and second indicator elements; and
evaluating said response to determine the presence or concentration of at least one

analyte of interest in the sample, wherein said response detected from said second




el enment; whereby the ratio of output signals fromthe first and second
phot osensitive elenents can be used to neasure the preggrehanzDos
concentration of the analyte in the external nmedium The chanber of the
~sensing device can be filled with an analyte-containing fluid. The fluid
can be aliquid (e.g., water) or a gas (e.g., air). The anal yte-contai ning
fluid can be of the sane type as the external nediumor of a different

type. If th Lyte . i th tial . f the analyte in th
Chanber AP Beiiris Sy Y tete e CyagEbiSy Tk Lt bebsana e cosur os

. of the angbotddendiRatbPelegighfsoundi ng medi um An exanpl e of a suitable

indicator nolecule is tris(4,7-diphenyl-1,10- phenanthroline)rutheniun(ll)
perchl orate. 8 2SonmeebibeadvatmeThethd euiser invention olverdbe arivroutinplyderount i ng

the first. indicator .elements .the.fits nd,second

“phot osensi 't %gag ccehgrréeicﬁf g&agﬁ%f)qlﬁ%lapggf %{PF%B 50 Egl.dtx%fﬁor e};ﬁ%ef"& &8 er neabl e

cover Cannmfmﬂﬁgedn@pke%ﬁﬂioh@f&bﬂgmﬁrﬁtidﬁfﬂdﬂﬁli@% cdi@esdatign.por tion of the

chanmber coveri ngg& he second indicator elenent, an opening is fornmed in
h

the housing, thEebeypand pbprehients, deatrenendasyantagescsiidre rhe nounted on
it I f ! fl.ne. the. . . Th
opposi t e aﬁp%gﬁaegebagagﬁgleg@g@ﬁngaesdc% B84y %%E@Qagﬂg%h&ﬁe%@gﬁédme“ e

cover can Xten € openi ng. € cover can be
formed ofdrammgsui table material but is preferably fornmed of netal. An

anal yt e- pereabl e first_cover can_al so be mounted on the housing over the

first indicator el ementBRIEF RESCREGION,@FTHEDPRANYENGEan incl ude a bore

formed therethropghes 101 HhOvdHES dtihd; ﬁ@;@fm, ' fdqr st
optical indicator elenent abﬁﬁ t#e{hgiterna ﬁ@ﬁ%ﬂgﬁl{ﬁgﬁﬁég‘ﬁg@gond
openi ngs desmnipbien bdtheruvention hed tHedulowigg figutds, whieh fate gived ndivapbbr el enent
and the first, an erneabl e cover being nounted on opposite sides of

| yt e-
the first*gpRiiR ,ngta{]r?fﬂﬁ?tf'f@l’?é Brtiehidi cat or el ement and t he

anal yt e-i nper meghlge1 $€£ 8fagh FRLEEHNEMB S IRNLAE: RIPREAS bh/esh f the
second opening to defi%ggt he ché%r t her ebet ween. #ﬁ% fi restg)gyf%ﬁsecond

covers arengenirationapidylight intensipiemattédbysa fudrascentnoxygen inginatrinndeanle h t he
exception of th ore, In ordanc i third aspect .of resent
i nvention, ther g:lg‘si bsr%%aaﬁafuﬁ[ramtﬁlg\é\hl?%{r&%&eé?%eégtf”ﬁdpna{ﬁe §%&F'y§’§“ f interest

in a nmedirelatiorshipd met hod conprising: providing an el ectro-optical sensing
devi ce cont ai ni 3:% a first and a second indicator elenments each containing
i ndi cat or nol ecdites3 Ko giaph HRiskpingthe cembingd eests of tempespopende to the

B o aP K o e R Mo om 1o a pait of
phot osensi tive @l@neixtssectional side view of a related electro-optical sensing device
having an optical reference channel coated to prevent diffusion of an analyte
therethrough;
FIG. 5 is a graph demonstrating the effects of temperature and
photodegradation over time for the signal and reference channels of the electro-optical
sensing device shown in FIG. 4;

FIG. 6 is a perspective view, partly cutaway, showing an embodiment of an

electro-optical sensing device according to the present invention;
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and wherein said first indicator elenment is covered by a cover having at

l east one bore therethrough and said second indicator ehember2gyscovered
by an anal yte-i nperneable, hernetically-sealed chanber that renders the
second i ndygai@esg! ement insensitive to the presence ofchhgeARaLyte in the
medi um external to the device; introducing a mediumto contact said first

I ndi cator el enment through the bore in said cover; activating said

radi ation source to emt radiation to said first and second indicator

el enents, and ?tlcally detecting an optical response of said first and
second®P3Mi c FGr 7 islacnetivnel siderview, éakeh thaqugh dine @i7dn FEG (fo simevingfudthéreietilne t he

presen&%ﬁélec%%%ﬂ%g@sin@%e?&e | east one analyte of interest in the

ereln*sail Shse “det ected from sai d second 27 Cctober 2005
i nd| calds0lel anens 1S|a%ramnﬂiénmﬁstaunmeEmf&@nmeland/ﬁidtcﬂag@&aﬂoh®beraf fect
both said_fi rst cond I ndj c el enment S0 t he advant ages of
he. prRRCiE e Sieofng R coptbels PR lepro-PRER L isesing Srsice shosth AENGR ey,
enhan(:@dmechanl cal protection of the indicator elenments, ease of
manuf acturi ng, and prevention of contam nation including condensation. The
- above and ot her objects, features and advantages will be further

-appreciated basggram; ﬁlﬁ@)ﬁs@kﬁlﬁé}gbg\%) #}@lgﬂ ©n with the
attached drawi ngs. BRI EF DES W%&WXSF@ ese and ot her

obj ect[804] t IﬂP@ alwhefupnmi senising dvecealifar@nding toohe plesentimbeaition ds illdemeadiipt i on of

and noto SR TSRS e Py Ry« P Syl et e T

St ern- MQAraiﬁﬂ a pﬁrbt@stehﬁﬁﬁd%l@néiﬁwﬂg A rER AR Thar RNV EME MHicH0r A8Herti100% and ensi ty

emttq%a a fl oresglg)nB indicator nmolecule, FIG 2 is a graph
i 11 ust ‘P??@‘Wﬁ eReRtOf RSO L6 Providing excitatien mdiptionfer bath Bkshi p.

FI G 3idnfl d9érahcd dnbiis ahb Hﬂxc&ﬂ&?e]&ﬁgﬁ?% 1®9 &lif195h S mélﬁdy%s @éu&é&& and

phot odegradati on on the Stern-Vol ner rel ationship over 4 1is a
sect i dur orsneabronegenisining indicatprwoletwisstheving pud erathors eptmal@adletmstss thaavi ng an

Cher oy LECRE SRR 160 PRShed ARERE, AEHEM kbR T o PR e ot e o

- and . phaielde grmdat oan exteror dfitrrictios andiethn gpdnsivs ¢ the lRilgnaenehdanel s of

the elegtro-gptical., sensin in FI 4,
S -auglyte mgng external env1eronmen or mech lsh e indicator membrane’ 103B of the reference

- channel is covered and is thus not responsive to the local presence of an analyte in the external

environment. Since the membranes are similar in all other respects, a ratio of the outputs from the
- -signal and reference channels will cancel-out changes common to both channels, such as changes in
operation infrinsic to the sensing device and/or environment changes external to the sensing device,
leaving only those changes in the signal channel output due to presence of the analyte. The
- foregoing aspects of the sensing device are similar to those used in the dual channel electro-optical
sensing devices described in the aforementioned U.S. Patent No. 6,330,464. In accordance with the
present invention, however, the sensing device 100 is configured to define a hermetically sealed
- chamber 108, preferably holding an analyte-containing fluid 110 in direct contact with the indicator
- - membrane 103B of the reference channel. If the fluid 110 in the chamber 108 contains the same
type of analyte contained in the external environment, such an arrangement ensures that the
response over time of the reference channel to changes in the radiation source, the temperature of
the external environment, and photo-oxidation of the membrane are essentially the same as or

similar to the response of the signal channel thereto, At the same time, the hermetic seal isolates the
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FIG '6 is a perspective view, partly cutaway, show ng an enbodi nent of an
el ectro-optical sensing device according to the present 27 oégpbi 2005 27
Cct ober 2005 WO 02/ 090951 PCT/ US02/ 13734 [0039] FIG 7 is a sectional side

view, takegpohisgssgh line 7-7 in FIG 6, showi ng further, 2hS734Of the
el ectro-optical sensing device; and [0040] FIG 8 is a g?g/gﬁdzge-%nstrati ng

the effects of tenperature and phot odegradati on over tine for the signal
and reference channels of the el ectro-optical sensing device shown in FIGS.
6 and 7. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [ 0041] An

el ect reEEPes ehanned E98) dhgnges in theconogtat coefithmepalyte intike qxtepsd mtviionmentsoon i s

illust | 6 ' ' 00 erally.ingcludes.a _
si gnalt}ﬁ%tﬁgﬁﬁde e\l}\ﬁ %ﬂs ?@%ﬂ?é%&g%ﬂ%ﬁ%ﬁ@&%&@% pHo o'égﬁgﬁet]i 295 enent
104A, the sigiad pwhcferanioa chrahel witiphts anddsoribed above. el ement 102B and a

phot o htiye,el. nt ,104B,. and.a .radi ati on source 106 provi di ng

exci t ﬁllfh? ra thtlﬁ‘%? aed Fmg% e”?h es‘%’?;g'iﬁ%‘im opat é*aﬁ?“é?]?;féh%??éﬁﬂ%fl‘?’.mqhe

i ndi cao erechapotited kW dhimiike phdidne G lealif C1246 @ naig HRARORT BF prol Rk OF

menbr ane cont gi ni ng?l ndi cat or nol ecul es havi ng one or nore opti cal

*char adPBFS SEPRY thap andierdion the devies- e divstrated Packisedadivicea devieasubsialeyt e.  The
i ndi catin @8 AR AQ3AuRt phdiel ol Bbard, AR orli XPORGHL Qg exterior of

the device and is thus responsive to t cal presence o nalyte in
t he e@PResifardgen of the svhstretecand pdusing 116heouinted iop tecubstetehetween 123Bw06f t he

refer ' LS.t hus_no esponsi ve t.o the | ocal

pres egéc%ggolfnca néﬂlg%da+@?°gg¥%£?ﬁee5%§x SATEGS E’gﬁ?ﬁ ?’frc?ﬁ ha e PRE®Henbr anes

~.ar e sicomparenismwaabé eledttienly canpeed ®, thasubstdte fafexibgle Qﬁh@éﬂnﬁn&ﬂﬁﬁ%&ilﬁﬁe si.gnal
and ref grence channels w || anﬁgl - out CB%?.%%Z) commn to baoth channel s,

such AUIHPARGEECmuCtyEPuDs F pHEple, N 84 o AlesticleElepfeniy

envi r ona&Hls, changes external to the sensing device, |eaving only those

changes in the signal channel output due to presence of the analyte. The
“foreqgd?M3] asHeusing b6 ipplades genemilydestingnlaniop vealltil B and tvo sideowdls 1804l anch t he

dual gh - i i i i bed | he _
afore ?rebﬁﬁf.' ? N lélﬁh%ggwgﬁnt ﬁm:pﬁ%{%%gg& i g% \é t'ﬁpﬁ&%lg g%c(r'\t{é’ gh%dgewr}ttﬁe Yeiewally osent

i nvent 2@k anchi20Beze configared érmmbwy onl e Wposarfi@Mfissbstaafl i g Sdo inQintted ile@opa
her met j seal ed ch [ refergbly holdin n_anal yt e- cont ai ni ng
i dg”fﬁgllﬁuvﬁ%@%’s $%°#£é§%?ﬁ%%%wgﬂ’é@?gﬁ@@%§@V t he

- 1 ef er eneeiatdhagslefor ubd inttheenivirbhrabnl dintefest iR isGhaBiasl 13884 6P tMtRSlyl Mg same
.type f.anal%%e contai,ned in the external environnment, such an”arrangenent

* ensur BEstoRmeig] materigtio Jmprove fesuracy ppmgintainiag the fe walland sehstrate fin vestiedlizinges i n
wthe 1 gtloat, bARISMIEE. THRril SRG R bibEerdhe hOBRePIE BAIAE afRE IUEAle aNd
phot o-oxi dati on of the nenbrane are essentiall’y the sane as or simlar to
. t'he r e9pyRytpeferabhecostainal waybgwideahaterfed sechas, fist examplesBpnay tTectmpolagies her neti ¢
seal ggak @Jh?cﬁ-]}apgodd o]p?mal characteristics, although other suitable materials can be used. The . -

- complete optical path (i.e., between the radiation source, the indicator membranes, and the

- photosensitive elements) is preferably refractive index matched so that maximum light capture with

minimal internal reflection losses occur.
[0044] - First and second openings 122A and 122B are formed through the top wall 118 of the
~ . -housing 116 at spaced locations to communicate with the indicator membranes 103A and 103B.

The openings 122A and 122B are preferably arranged symmetrically on the top wall 118 so that the
indicator membranes 103A. and 103B are subjected to similar conditions. In the illustrated

- embodiment, for example, the openings 122A and 122B are both arranged along a longitudinal axis

.of the housing 116 equidistant from opposite edges of the top wall 118. The openings 122A and -
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27 Cctober 2005 WO 02/ 090951 PCT/ US02/ 13734 reference channel from changes
in the concentration of the analyte in the external envbyepmeei2qg that
environnmental factors other than anal yte concentration can be cancel ed out
by using tRgesapdsa of the signal and reference channel S

descri bed above. 10042] In the illustrated enbodi nent, fﬁgbg‘#g?\?? and

ref erence channels of the sensing device 100 are incorporated in a
chip-l1ike package with | eads 112 extending therefromfor providing power,
signals, etc., to and/or fromthe device. The illustrated package incl udes

a devi PeBamhomarag identicpl ¢irpulan bolpothah anf somemdattsmalier than the indicatdr elements t  boar d,
two r i 838ls, ' i .0f . the substrate, and
=" houer2 A% 162 hokter e RSl D8 ot AR BB B Pl it SoritoBHE 1 1
pr ef erdifferentitiypadiofelaments.ne substrate 114 is formed of an alumna ceramc..

Di t I | 1) eCtl to th bstrate, f
excapl W4 ORIy A AP 251 SO B dispos R BHE fe bABBA LG SUBBHY such as.
for exgepings 12281 SMBANER Bstmbd aithépasmlli 10K tHek@€ ! TIRthdicatdfed @hdn@ 19242094 3]

Housi n | ngltﬁges a_general ly rectangul ar togb\gg!%!m 118 and two side

wal | s éﬂé oy o this Gmbadipednslydesvrmsaiensupsiatesto B, easpresively, thite t op
wal | . RotdnnecieRer Bhn b SpiiiEWat A snd 38R P%rgpg?rﬁﬁécﬁh&ﬁ ik {hgléﬁlfsgra%g 8 n})ﬁ nt

on a top surface of substrate 114 so as to ma e top wa
ver t i ¢gh by afixad wdnrieteroerisorace of thedowsingst 16 arand Heopeingsi tn forikthecmetictealf or ned -

of an | Is r L n envi.rognrent. of interest .but is
pr ef e?/ﬁé% y %%%bg%%f'ﬁ Cgpalrmglege |e§%§ﬁ§2¢‘ f‘%‘f QﬁBpﬁngéFﬁq%&Ed?&?Pg?rﬂoq?m{eéi@ﬁ?g to
-+ I npr owme acowreanpyicdl pharadtatstitsthatgrd difcted by e lldcabyrekenedasian ahadyte."THLr ti cal | y
_ spaced, ,.paral Ilel | anes T&e entfl re region R bgtween t he housing 116 and
© The s bR TROISCRIC s preferably part o pireTbregs of atiry b AeLI (A5 Tartied p gt
- mat er ipakicaWEl e AEPOEN arfdPOSH id ACARRLOG R0 ] | stgwod
opticell}la char aé%gsrjciust F%f% al t?ﬁough ofnkll%r sui%@%@ﬁat gsrl}zaz\%@ngg%f%e'r%és)ed. The
- conpl ereubspie subiirajesd A5 4 pndel 05Bises prelrablytfermredif fheisame wwterieland with.the satiecat or

menbr @ﬁlesﬁﬁ)qhﬁtrﬂﬁe i@@&&f’eﬁegxgb?ﬂtsl U B SR

mat ched so that nmaxi num t capture wt I'nterna flection
| 0ssesmbodigent, {i@0detibriEersgbstiated asdonred obaeoytically tid2reant thattAZBuel & f or med

t hrough .t top wall, 118 of the -housing 116.at spaced |ocations, t |

“ conmun Eogilgat\%ﬁgfaﬁs g ‘Hﬁ‘f‘ﬁf&?eolf‘a%%ﬁm? G’Q}Ymaeﬁﬂppf Eam*ﬁﬁ%“ﬂﬁghgeg‘bs 122A
- and 122 Broadstls, [0 Wbidhithy/indicitangedady inobitiadd of eRRappbe THRR: Wakfiald 4t SO t hat

t he ir}ﬁghcator menpranes 103A_and 103B are subjected to simlar conditions.

I n t hdSGPIapeS A el KnoWR{SES: fgn dcliopachst sl Talloring of SplaGel Films forOptisald 122B are

%ﬁga&ﬁb})%ﬁ.%%l&e#ﬁ%act I ve index

Dot N BEAMIASIDBLONG Guslold Adéflh Do a Xyl ChOGUAYoRGINE 1l fljgbgnt from |

opposite edges of the to .~ The” openi ngs "12 t ober

~:2005 pp- 45-50; Lev, O.."Organically Modified Sol-Gel Sensors", Analytical Chemistry, Vol. 67, No. 1,
Jan. 1, 1995; MacCraith ef al., "Development of ;':1 LED-based Fibre Optic Oxygen Sensor Using a
. Sol-Gel-Derived Coating", SPIE, Vol. 2293, pp. 110-120 ("94); Shahriari et al., "Ormosil Thin
- Films for Chemical Sensing Platforms", SPIE, Vol. 3105, pp. 50-51 ('97); Krihak et al., "Fiber Optic
- Oxygen Sensors Based on the Sol-Gel Coating Technique", SPIE, Vol. 2836, pp. 105-115 (96), the
- entire disclosures of which are each incorporated herein by reference). These types of materials can
. be applied to the appropriate indicator element substrate by a number of techniques that are well
- known in the art, such as dipping, swabbing, squeegeeing, silk screening, pad printing, vapor
- deposition, ink-jet printing, etc. In an alternative embodiment, one or both of the indicator elements
~can be formed without a dedicated substrate, for example by mounting an indicator membrane

directly on a cover, an encapsulant, or some other part of the device. -
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WD 02/ 090951 PCT/ US02/ 13734 122B are shown as identical circular holes that
are sonmewhat snmaller than the indicator elenments 102A andhcilddheBzogzowever ,

t he shape and/or size of the openings can be varied to acconmopdate

di fferent {yResosd; €l enents. [0045] Indicator elenents %%@S@zﬁg, 02B are

di sposed wthin the housing 116 adjacent the openings 22B forned
in the top wall 118 thereof. The indicator elenments 102A and 102B shown in
t hi s enbodi ment include rectangul ar substrates 105A and 105B, respectively,
that are sonmewhat Iarcﬂer t han the openings 122A and 122B so that

peri ph048] poh prefuesd dndieatas Hsﬂﬁwleﬁ'@%tse@mmgms trfsf4, %diphenyl-2y10i nt eri or

et | ohsd o) PR T bR ANAE by AR e Rl b PR o i ot or

ol ec uPatent Nav$,.617.3 18n &t Jslcomlﬂaie:i)that:thé mebrafet hﬁzludeavhﬂﬁjt oftdtieraf f ect ed by
the lo [ese of .an ana r nmol ecul es. are preferably
“part or?lgéenﬁs ?%SFQﬁg‘hb‘}mF&%‘?m dz}gg%f%&q ﬁ?@&ﬁgﬁn%?%ﬁﬁd%ﬁwm Brtion of a

r especifevemcaubstrate 105A and 105B in alignment with openings 122A and
122B. n@ % rLgr ape, substrates 10SA and 105B are preferably fornmed of the
same ndPeHi alThgmighonsoure 1 Adsmounted exthe substsae 1 Hbat an ppproprisicdacaion &t enent s

.. exhi b'6xc§é1!ﬁbluﬂ'ica{o?ﬁfo!f%hle95@%%5f émdicgtoiigle ?xftmﬁ& dnd 1 %EEO?BI’]%]{%J t he

menbrane substrates are forne an optically transparent na erfal such as
‘bor osijomeeanalifybgieer g chinmelsghtradiation swtcad%lsquembiy daaied cquidiyta@ifromuppor t

mat r nto Ihe ndi cat or |l ecule is

T BB IRE R RShten  BRS S, b0l Bl St B AR 1

(S See, @@I—Em%ﬂgﬁia@ﬂm)&dpr%ferr&rﬁl'ﬂlﬂ wagﬁeﬁgih atﬂz\e ﬁlaiaF&i édlai&%{h 157 th@?&dr&ﬁ%/ -
. en3| n S an equs ase na i ca em s , Vo ,
5 ‘%X’g&g’é@l’ %gﬁldl%%’f “ﬂ@@mﬂeye + oy . [ thpase pf g nethgnivge

o SensorIﬁ 1 wﬁn@f dok o Craith et
al. Doe?/cel o] %ntﬂbogﬁg&%gm{% tgfr: %ﬁl&li}?% u}oefgeﬂi%é%ls%%&%g?rnlgﬁ%

SoI . Ga9letrhapds, fop exasenle #d'GOHIsPW@ﬂe%Iradlmwurp@mﬁlli@myme(tmw)locaﬂdahr| ari et

: "HkR e Pl S 3105,
'pp 50 51 1§Mef)ﬂﬂﬂo%}rnsﬁbiéﬁ§mgﬂ{ lm%ﬁdgglrm %@%%y"%@ﬁ%‘ﬁ%%@&g on the

- Sol - Gdhe @d@hmmuﬁemwlquﬂibm%&tedyaﬁ lon@&3dequate. exdibiod irvi@dio thehe entire
di scl qgur of I ncorporated herein by reference). These
"types%‘#a]ea%flé?ffrﬁl% E‘%‘?‘Peﬁﬂgmagrﬁ’b % ed to the appropriate indicator el enent
subst r{OMB] by Piotossiikieive €lbmée T0AAGAE S 041D e ntfulteWsh khe dé@i‘é%hbkii‘até P t, such
as di %B swabbi ng, squeegeeing, silk screening I‘?grl nting, vapor

*7 deposi e sideof;tag Tadiation Sopgse 1@@’&18311%31%93111%%%@%@ oehtdf2A aghe or
- hot h. qfpos h@sfﬁe&f—i)'efj/at Sics FHEREGSdes Atk 2F0d e%lggﬁj: 6)?41 b %b -R- d&ﬁc‘i};il &agﬁ‘fjanced ‘

substrate or exanpl e by nounting an in rane rec

- cover Phaignissdeqaue praferabli provides astlivarhotpsensitivé elementdeud e proferibly ﬂ11;2cih110ct 0 ber

;2005 \ﬁBug%é %QQ Bl ll):)g&ls Hﬁoc%/n&i%ave epoxy. Optical filters 124A and 124B are preferably

+ provided for each of the photosensitive elements. In an exemplary embodiment, each optical filter
-is formed using a high-pass filter epoxy, such as LP-595 filter resin available from CVI Laser
- »Cotporation, with, for example, a 600nm cutoff corresponding to the ruthenium molecule
+.- fluorescent emission. In another exemplary embodiment, each optical filter is fabricated from
. -commercially available filter sheet stock. The optical filters preferably separate fluorescent
emission from the indicator membranes from the excitation energy of the radiation source. In an
alternative embodiment, each optical filter can be formed using a bandpass filter that rejects
- wavelengths outside a predetermined range. Bandpass filters are commercially available from

-numerous vendors and allow the device to operate in environments with ambient light.
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~ channel2

[[00461 A preferred indicator nolecule for sensing oxygen is

tds(4, 7-di phenyl -1, 10- phenant hroline) ruthenium (I1) pe7chideat@snol ecul e,
di scussed on colum 1, lines 16-19, of U S. Patent No. 5,6517,313. It is
cont enpl atypg o3 h3ds:t he nmenbranes can include a variety Ogcg@gﬁhsmamt erials
as set forth in the aforenentioned U S. Patent No. 6,330, , I ncorporated
herein by reference. [0047] The radiation source 106 is nounted on the
substrate 114 at an appropriate location to excite the indicator nolecul es
on each of the indicator elenments 102A and 102B. To maintain comonality
bet wee M cAzawes|126B isreountadi axei therefawence ehahpd openipg EX28 ialspaged mixibe ¢b

equi di : ' i o el ts, 1 and .102B.
Soit ab it e SRR oah bt ARl Rl SCe b 166 R Selfiet B i rasce
( LEDZj‘ plsanpel dfoar c:keﬂges'ﬁ:lnﬂle\mmeht{mﬁgh gf thé arlidiyte fnlaﬁé as;c’td':rﬁdil cﬁ':?ﬁ'rdnhﬁdt \lk:)metéﬁg;rgigul rce
i's dependent. upon,the type i ndi, c r ecul e e oyed. For exa e, in
e CoBEPEE Rt el iR ke o AL oty ecibes SV Ament chausst BHERAGR. ¢ hat
- the r atleatisiiy @06 (. ABhberhtuhbs wdll dsRBart2ed B PPbratibrdslifrindté Rl 1R segﬁﬂgﬁeviéeor
~exanpl e at _460nm \While_ the radiation source 106 is shown centrally |ocated
“bet mee??-&-ﬁ’é‘%ﬁ%%ré%@ﬁﬁ ppd fuctuatiensdn the pewaysource). fodm ilvstrated emberdiinen; Ge
el A napt L | AWV I t ed,
el ementegordi3e ShRe L9986 tdidb A0 AR PSS E%?]ggl%% F& %ﬁg‘%é eofaing s

| ong as_adequate excitation is provided referenc
ZBeﬂrﬁgrﬂaﬂﬂ'é@lar floge 310BPeriendggmadidliyvetedré fromt an upPetAr topind 0fRe plug. nount ed

on th ' t 11 ' id t i at | 106
"1 gendS Bt SRnLRE 1 Hle s PRBAG U R RE 15 sl Rt R el y.
- g.h i :coﬂnepihcl?ﬁss(ﬁftﬁlﬁdﬁmsiﬁgl?:hll aﬁ duol ﬂﬁt@%ﬁp&@mﬁﬁﬁneﬂ%r:tu%&@a B&’_co??é’ftﬁé gﬁgAd;/anced
: ot oni c c., are_prerera ovi ged as the lorosensitive elenents,

- and ar%‘ldflk%ﬁn@afﬁwe#%ﬁe-cﬁe H"’Mﬁﬂ“ﬁﬂlm ﬂ‘ﬁeﬂgﬁﬁglrapdéﬁlf@%@ frewribeitepiof e
- €POXY. thOphiga2kB bfited %%&&%ﬂd}%ﬂs&’&&ﬂcefd&ia%% 5 36t alPi ¥ etk Qirriggch of

t he photosensitive elements. In an exenplary e di ment’,” each opti cal
© il t erof thehqusingd 46 aernplgtely amgugd thsirsurhferenes ofghospening 1228 ssthifand@ndticl t er
resin | f . | P f e e, .a 600nm
it of £ ~anen 88 il 8 bl pr A EhterdRh RERA Lol e BRI BRGSO, 1
- anot hesnverempit anty therthadbare he refeambe dphnad abvet il 26Bcani te fémkd iof atyasitislom

conmmerci al.l vai l.abl.e filter sheet .stock.. The opiical fi|lters preferably
| '-separ‘a’%%t%‘f‘?%ﬁé??éﬂ? 1y fpmed p @%X%WW%WP%W#M@&% eI m t he

- eXci t agantictieftg s@thathe 110 i BicRinitRR wiDskpeSencé fonipBranidé RLPAkIniGy &/REdI Ment
_ each optical filter can be forned using a bandpass filter that rejects
' wavel eyt Hsthe griesnalenyironmcat b pan aiebe edvaptagems dersha maieripl fehaye Aigh
. comer ehadshity aad I ‘ QUG e | _
operate | ﬁ%vi%ﬁn%nc{%g&\%gt ﬁndg%g%ent f?,‘:%)%?ﬁ%ﬁ;d%%ﬁt %%h&%%g;@%%@?v%ﬂ

© 02/ 0905P1aspEiyisen/ and R4l It is also contemplated that insulating and semi-insulating materials

~such as plastics and ceramics can be used. When the external environment includes background

- radiation coinciding with the wavelength of interest, it may be desirable for the cover to be formed
of a fransparent material so that such background radiation can be canceled. The cover 1268 can be
- affixed to the housing 116 using any technique capable of producing an hermetic seal, but is
-preferably bonded using an adbesive suitable for the particular housing and cover materials.
[0050] It will be appreciated that the presence of the sealed chamber 108 above the reference
- indicator element 102B can result in the channels being unbalanced due to the enhanced thermal
 insulation provided by the fluid-filled gap and the additional light reflected by the cover 126B. To
- compensate for these effects, the sensing device 100 is shown with an optional signal channel cover

~ - 126A mounted over the signal channel opening 122A. The signal channel cover 1264 is identical -

- 14 -




[[00491 A cover 126B is nounted over the reference channel opening 122B in

- spaced relation to the indicator elenent 102B to defi ne7 bB&ber 2005
herneti cal | y-seal ed chanber 108 that isolates the reference channel from
changes i Ryhhgedepcentration of the analyte in the exteEeﬁb‘ﬁq¥+ronnent
while ensuring that. the reference channel responds |i ﬁe S1 gnal
channel to other environnent changes external to the sensing deV|ce (e.g.,
- tenperature) as well as changes in operations intrinsic to the sensing

device (e.g., phot ode?r adation and fluctuations in the power source). |athe
i | | ust Fabhesefernpredhimme covemléwBMme@hambd:ﬁmmmmacmmeS a

! oul 3 Tl S SRR P14 sl P AT PR R Bdpap oo B S o

t he pl dglstratﬁtembrshmsﬂﬂhe cavei;lng lirenﬂéﬁed mm@szs&m%as%@ 8@ thyough ﬂhd"le openi ng
. 122B -an ro 1 cKne (0] i he S n 118
Soop TR, R ot e Sethartel Gk Bl SR RPRe Shenmtnt oo (Gt e

i ndi Cahkm“ut ﬁe%tmfme)pe axﬁd)rt@mhlﬁi’c thd RACEntSEHE tBxiaNStbRStidsdd kiRl rbtérentld War d

fromt p of _the plug 128B defines a |ower annular contact surface

adapt e elcfemfééﬁB ﬁé!ﬂglirb(’@dﬁ@ is et will brappieiated thet sy mndereimpl et el y
ar oundcpiddgel§ bf K385 BEEIRGBmR if PR SRR a%&gleﬂ%%ﬁﬁ SQtelfifbel e nle%cﬁfcf on%o bér al can

be formed that will "prevent mgration of analyte-contdinin ui ds r’omthe
- ext er ngroovesmayrberfpmmrad acresothe prswilah eortast surﬁh@mroeﬁmnmwemm\minﬂmbs cwpenings? 6B

can beg | rLaI .S efe of an
“anal yt eJ@%rgl&hngg]b? & I%Vid‘%l %d%ﬂ atbogobSRY Fbr?'éﬁ%caé%r? g‘i m that the
- fluid ﬂgnaﬂlohambleunﬂiﬂtemtekﬂalmvmnmeﬂ.ce terrperature changes simlar to the
S fluid | 5ihe ernal env ron ] so he advant ageous for the
mat er i qu %&l € fhegfns V‘@Ef Q/iaf@e B2 Ygriety of ways by ekilled 1 for the

. -cover inaaltuded oRuhis arsao.ﬁ@é ohd & E:%Mﬁethﬂ@éﬁhﬁm%@de@c%s%@ﬁﬁrﬂ@summ and
steel. It is also contenplated I nsul atlr]}%é sem -insul ating

mat er i Afses fallss. Je ﬁlf%ﬁsﬂlb%fa'@rid‘l é@ﬂwﬁuetgmmn togesdart is\nieserablyiof e tper nal
| h
ST o Y BT B e

i nt e cover to
\ t rans pmnémts Ecaits md:lu@ng cdnaionaussiucbasmlrﬁamjﬁhadamimammmmnm formmpdehed. The .
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ove e rererence

~appreci Lﬁg éﬁ%g }r resence of  the sealed chanber 108 )
" indica WA, 1%,53?}{ Flectrpnic Yipterisle Thesireet componemys eanribandiecse due to
- the enhaRese Qfﬁeh.é‘srsﬁlto cbrﬂﬁfé!e%é c@t@m@&ﬂiﬁb&%ﬂs b%l]i&ct}lgaht){o%gdefs subipgh ggp and the

~ addi tional 'ght reflected by the cover conpensate for these '
“ef fect @{amplfep@rbm L2602 Fem¥glyanced Bh@wmcw[nch cambegpsed ath¢ pleitependitiehannel
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- PCTI-US@@/chRdiidve epoxy. Filters 124A and 124B can be formed using optical filter material, such as,

- for example, LP-595 from CVI Laser Corporation or commercially available sheet stock. The filters
+ 124A and 124B can be formed separately and bonded to the photosensitive elements 104A and
- 104B, or the filters can be formed directly on the photosensitive elements. As mentioned above, the
- radiation source 106 is preferably mounted on the substrate 114 between the photosensitive
elements 104A and 104B in symmetrical relation to the indicator elements 102A and 102B.
--[0052] - The indicator elements 102A and 102B and covers 126A and 126B can be attached to the
- housing 116 in any suitable manner but are preferably bonded using adhesives suitable for the

respective materials. A preferred method of fabricating the housing assembly includes bonding the
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" bonde

to the reference channel cover 126B described above but is nodified to
permt direct contact between the signal channel indicgtociokergest 102A
and fluid in the external environment. In the illustrated enbodi nent, the
cover 126Ayh gadofsrder ed porous by formng a bore 132 thr gg,{}s&zﬁ%34cover The
bore 132 is preferably nuch smaller than the size of the openi ng 122A

(e.g., less than about 50% of the opening area) to mmc the reflectance
and t her mal properties of the reference channel cover 126B. Wile a single
bore 132 is shown, it will be appreciated that any nunber of channels or
bor es’ Hslcatas elegents d024 andd)2Bitg araintarioanumiabe afdhehousiag 1 6 sveh ihaethy indddatdr n

ddi t t t t
ur 1 o LRldeled Hilned AN RIS 1S LRILRRE AR R%8ink MpRHe Soach@or g 1o
pr ovi depdnings 22/ and 19284 iterhobshyeeibohdiag thadomst I6ASING TRER toldhditedibr t he

si gnal _chann nd. t he external 051] Wil e the sensjng
“devi ce ﬁ@egﬁtﬁ E%HS%B)P’PI ‘f‘é‘%fn*nﬁs gpfs%ﬁ%@n&ea’fep Yrodpg of pihewvisgsenlingdhs n ¢ he
‘art  bafefeeR chvtr S268 EGkAorticd in ANEVRSRAT Aivind BbHAEsQH g ile device
shown in FIGS. 6 and 7 is as follows. The CII‘CUI'[ su%s rate. 114 can be

- cust onfHERBRERR Eish meeswamepisare fods|tgken Aberngtizely, the cgambeaca;nrherﬂled svithi ¢ or
fiberghaRsiat tlsnﬁ{"elﬁﬂ'ﬁopﬁgg Q&t@lhﬁletge rl(?ﬂ ll}{tﬁercg d g%eg& W E et
vendors Crcuits inc Tal

I ng conponen S 'S as anp I fi17ers, ®rs and
i nduct partial pagssiye of the praliytoin the thembebiuid Estvaﬂﬁﬂthe rangaa@expenmdqmﬁampﬁbsmn ner,

| such age onponents dire tJ nt o, t substrat, for exarrple
using ;g:ot%é"(mn’e nr{ﬂe %—Fag IR gr PLEFEPS ! g@ﬁ’&ﬁbﬁoflﬁm@tﬁo‘%ﬂcg% agair- AR EBOND
84. frﬂﬂed&bfembe cﬂanﬁbmh nbensea eﬁamelyab 8etect BRsdlvd Gy denCRENORRB LR gE 8 L hen be

W re bopded, if .neces: ary, onplete the circuit connections. Silicon
phot o- R PEEssutesdp a figui F‘E?ﬂm%‘??& waterprbloody.  150- 20- 002 from Advanced

.- Phot onjgps3y | h ¥ d 104B, -
o ar[e r]ef glshg oﬁﬁﬂ% Pﬁddﬁ%ga@a‘éhéd'!%tﬁg's‘%?ﬁ?e'ﬁﬂd coﬁslre i us%ﬁé&%@ﬁ%‘

chip nounted onto the substrat bonds
and caprgiseably/eond &?etoﬁslng@n edhesina AndpticaliBtranspartrd eﬁaapsrwrc W34 a:ag bept i cal

| filter, I Laser oration
~or commerci zqi[}t? ?/ a ?Weegﬁ%e oﬁﬁ?@ﬂfmﬁf ﬁul?%age lgzpto FOUAS SNV ?@ﬂ can be
. for necbrdepgcthﬁrehﬂl ﬂaﬂ chvbrrided ahd 12688 pﬂ?ﬁe@ﬁﬁmnienmredem%ﬁhé&%@ﬂ ar
10. 4B, thefllt s directl ont hot osensitive
el errenqlg ORIZ AR 1 %’Hﬁ@ccgﬁda@hve?ﬁgm%ﬁﬁwﬁf‘?l %‘g‘ﬂgbﬁ G also Belar ap| y -
mount edaiatid dpetis dhgdnicat 6f oplidal REhP&R AL kg aemtn%%maﬁieg hBthe &6&%5@11: ¢l 04A and
104B qu symmetrical relation to the indicator elenents 102A and 102B.

[ 0052]'9R&1S. ndi cat or el enents 102A and 102B and covers 126A and 126E can be

_att. aqgﬁﬁSJ JO tfﬂ?exeﬁ?ﬁ?g} BRralibf o{(‘ {ﬁegﬂ fﬁﬁtfcmle&%w% IW%ho%g? Efég %r ab %

usi ng adhesrves ‘suitab res rve erred
" et hods ef follaiys.i Thet sersing dewich d&&:smgsmmd md)hxyenvnmimnieer hediah I&Qutdiést fo 15 27 -

| Cot obe 09995, BCFAUS0RL 13434 i cator el 102A and 1028
1o an PR s S e i ISP A EH IR or

-environment is air. within a respiratory circuit and the analyte is oxygen. When a measurement is

- desired, power is.supplied to the radiation source 106 to cause the source to emit radiation in the -
- sensing device. .In the illustrated embodiment, power is drawn from an external source via the leads
112, Tt will be appreciated, bowever, that power can be provided from an internal power source
-such as a battery or from an external source via an induction circuit formed in the sensing device as
described in the aforementioned U.S. Patent No. 6,330,464, incorporated herein by reference.
-.[0055] - The radiation emitted by the radiation source 106 propagates within the sensing device
(as shown generally by arrows in FIG. 7) and reaches both the signal membrane 103A and the

.. reference membrane 103B. Indicator molecules contained by these respective membranes ate
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.'_ for the circuitry. If the housin

ol ecul es contai ned by the nmenbranes face outwardly of the housing through
the respective openings 122A and 122B in the housi ng apgdokemnet nmst he
covers 126A and 126B to an exterior surface. of the housing over t he
openi ngs. Whei@eakl Y. the step of bonding or otherw se gepliifdsihe
reference cover 126B is performed in an environment having propertles
appropriate for the environnment in which neasurenents are to be taken.

Al ternatively, the chanber can be filled with a fluid that is different
fromthe external nmedium (so long as, in the case of a gaseous anal yte,

the FaEFGddY thy edigtionands intp, mdiateyight bagk infnsthe bevsing devita (pelalscsshamohi n t he
{
range ﬁage@ﬁpﬁfm exanp{?af‘ﬁe']@hh HRRAY AR in@ tcgr%u?dmi Vi34 fhd 1*6313?@%8&[{1%%4 1 ed

ound that a device W tR an ate
r ef er dheeaticheaidsierr eulmcwébmﬁwdocai mrescncmﬂay allabytdeF(ﬂ‘@{alﬂplB,SDﬂS\kﬂMﬂIﬁghﬂ over a.

w de r arti re [ r or bI ood.
L0053 RS~ P o S B8 ESAGEslar Rnpenft] P TRt B Ty -
conve rlzterdhfnazite iapaehedbit the socalrpm%mre aPbyyged nﬂeﬁeﬁmé@a&va&hmm cmméﬁ lve. An

_optic Tglans arent en&r?gﬁ Znt 134 can be injected into the space R :
bet we r‘?stﬂh © HTE Vel 6, D1yt suiteble eanpentgitien planalyte i difssiegitrdle  and,

t oget Reth thé tdferbdd8 nfe@ibeme 1635 Anaps tﬂ@s@%lal &{aﬂa(él f!;eexﬁ&\éa E@mgpaélﬁgl protection

formed of a relatively flexible
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106 t G StuaR i8S G Ahese ORGT BEPBh ﬁln)elarlx@ﬁﬁ@mgha@mele :1n the

il UStﬁ@ﬁEd ﬁrﬂi&ﬁ& H@ﬁﬁders%\ﬁﬁat 'ﬁg% Q%%’%\A%ésggﬂs%ﬂgt)éttﬁé Btve §8—Hﬁ:g%e‘y i@ the

| eads 't w Il be appreciat ver ower can Be provided
f r om aptuiliy measutes ﬁb@ma@ﬁﬁsme of the suedyte,dke Tmhbsaolt o) rvghmhrls idely wardestobér nal .

“ _sourc | r med t ns n vi ce s de cri bed |

TR hepale IAHE LA L barhef AR Bt Rl ont Y i tRago 2R 7
referdasixed,dsﬁ@%bwﬂ'tbehchbsatlon emtted by the radiation source 106 _
propa si,ng device (as shown _general | y arrows in FIG

7 an%ﬁﬁc%@bﬁ?‘h%@ eg‘H Fatprsiamertsd 024 3pd Livh prapagater %@?Uéhél@w ane

103B. gk I n re - 16
2 B B s At R U0 07 36048 GRRTL VAN e © - 1O

Coin tud¥A padil 24Bers eogfigunditaaliontthe ighe ewitied by thededicater lz(ud@:UhBB soreadhothn
-gener gi})(g)fsem{u délt%ﬁ\?ﬁs dl Oliﬂeanh lgﬁiﬁ wf]ﬁgﬂl‘?erﬁg 099/ scat{]e ed hnﬁjt ﬁ“ i Ye rggigggnas%grsce 103A

and 1
L -+ (and, depending upon circumstances; ambient light that may interfere with the signal).

.- Photosensitive elements 104A and 104B generate electrical outputs in response to the light received
from the indicator elements 102A and-102B, respectively. These outputs can be transmitted directly
- to an external device via the leads 112 for processing and/or processed internally using circuits
- formed in the sensing device 100 before transmission. An output proportional only to analyte
' concentration in the external enﬁronment can be obtained by taking the ratio of the signal and
. reference channel outputs since factors other than analyte concentration will tend to affect both the

- signal and reference channels in equal measure and, thus, be canceled.
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(i.e.;, attenuated or enhanced) by the |ocal presence of an anal yte. For
exanple, it is known that the orange-red fluorescence of (chibeczomsl ex
.tris(4, 7-di phenyl -1, 10- phenant hroline) ruthenium(ll) perchlorate is
quenched byolhgebgical presence of oxygen. As nentioned appNRe.qkfg seal ed
chanmber 108 in the sensing device holds a fluid 110 with a suirtable
concentration of analyte in direct contact wth the reference nenbrane
103B whereas the signal channel is exposed to the external environnment or
medi um_Thus, nodul ation of the light radiated fromthe signal nenbrane
'103A M8l o HIE- 8 sovsrciyakiest defz efsigngband mferdnee chapuehoutplits foralssristngpiesisent i n

the ex i ' . | kght radiated fromthe
ref er e%@;&%o rar%ge%gﬁfdghou g%%%‘e%g%%en ii)e(r%reﬂilu%E w%ltgg%t Fl‘g?te?tﬂf‘?(?? uedh as

“t enper edar the sguivotoaditinniiesiribad alsuvel irf donadctian ivith shei sonsidpadepiowed asSshdtaen Si nce

.t he s 126A and 126B.nount ed. over each of the ni ngs 122A and 122B
¢ hetTt o R S, e YeleR B st prasion] pulputs A e B e 100 BsseotshiRer
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under st.ood thgt!_in t he case ,of gaseous anal yte, the above sensing device

act ual FY2¥sdadietling gheent ghangesin gralyie congentrationin thnentsrpal medivan. pRiasticosanof
whi ch 1 B e 16 SHOVIRY 1 RS propbeDM By W aRRNSRAR, devi ce neasures parti al
te t0 concentrati

pressure, this i's readily conver! on, if desired, using
“known [08ni dtis sontproplstzd that g senking dedeactfOdlustried imIHiIGSa6 end Btaarbent s 102A and

102B ; -hr h t sensjng._.devigce to a.correspondi .
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. upon CdstaBEYNBA- diordabany (R )aRhsrhi Lipd:er ' bl Dok -
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- resporiglermgbsopree spghgs e belder prisen extentel sdvecei virdleadst inducsionroe sorse aB@A and 102B,
respeghiyglidn. These outputs can be transmtted directly to an external
device via the leads 112 for processing and/or processed internally using
- ci-r cui[0860] f orTire donfigutation sehwiangenbay ofithe d:pDubfebinres of thadevites@h alko bAN out put

| proporti.onal only.tg analyte cancentration in the external environnment can
" be obt‘;gfl%dgzéoﬁﬁxat“@?’%bﬁfpﬁ %%Pi%‘aﬁwgligﬂ@?g?fﬁ}ﬂgéﬁﬂ&?@“ﬁéﬁh@%e channel
.- out putrectiglRg of Bfve@h$ otk @ififR@bnA TAL Yhedings BaLtH HdhddRnyWhdre hapg to af fect

bot h thge, slimg%nal and, reference. channels in equal neasure and, thus, be

cancelfgHeIne but §1¢ preforably sppmetrisailarppeesploteds thepediptonopmeg ipepswe 0581 FI G 8
shows Bmkdéablity s&%e%@sigﬁmahcﬂﬁ?érerég%ahgé@%@%y BRGNS daf
I'GS. an dving are

a
sensing device 100 as shown in FIGS a erence Chanber
il | edesfanghlapasishowheirtelan oxlsye snynatber cenfiguratider Thdiedissimemenbrdidsicanke

descri ' n jon M th. t sensi ng,devi ce 10 shown in FIG
4. As c(%g%d eg\é‘gnésﬁigl[e ? ﬁ%oﬁl%%deorneor%% P %‘ﬁsaor}gli‘eg‘ﬁeﬁce éﬁcgr?ﬁ é?e CEUEHut' e SERATAS £ or
- devi cenchitfancesipong id wsed it can be a plate-like member as shown, a waveguide material filling the

space between the internal components of the device, or have any other suitable configuration. In

- -addition, the indicator elements can be disposed above or below the top wall of the housing, within
- .an opening formed in the top wall of the housing, or in pockets formed in the encapsulant. Also, a
 batfle or partition can be positioned between the indicator elements to inhibit "cross-talk" of light
- radiated from the signal and reference channel membranes. Such a baffle would preferably be
impcﬁ/ious to radiation that could affect the photosensitive elements.
[0061] - The housing can have any configuration to support the various components of the device.

- For example, the housing can include one or more walls that extend from the substrate to support
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|i ke manner over time to environnental and system c changes so that the
ratio of the outputs Cwll always be a flat |ine absem OcfoBagERSI N
anal yte concentration in the external nmedium The ratio can thus be used
.to provid ut proportional only to analyte changg
contenpla?gg%?ﬂg%ﬁthe sensing device 100 illustrated in Eréggéé}and 7 can
be nodified in a variety of ways. For exanple, the size and/or shape of
t he packaging can be nodified to suit various applications. The packagi ng
can inc¢luyde | eads as shown or any other nmeans for establishing connections
wi th eddisatnselegeyisdrsparedelatiomig thephotasensitive alemants.oPrefamiblye wspacsdetveet i ons
.establ i A e
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config a ment of.th
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can be [@062F ul & hileshesizevNfluoréseat ddiHatod inole@lleRMBeaditY oRfdaR is RO AL PN

The opeﬁ n be ed an where in the housjng but are preferably
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hou5|ng g ockets forned
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indicagor eI nents in spaced relation to the photosensitive el enent s.
Pref er F’S’zbe l3’I§pace between the excitation source, indicator el ements,

- -and  phpinesie nsprefeydle boRRRY Sfekehed éﬂahﬁéﬂaﬂmamgﬁm @ﬂﬁﬁﬂ%l@d@ta cob@iGifhedl @

wavegul de material. |If an encapsul ant_is uséd, the encapsulant can serve as
‘the ho%F Agorresponsingmening feme iy the sensiag deviredonsng. sThesigneldhantebcarseisof

..walls. 1[3 pa%? St %\th tﬁer}‘éfel'bﬁ@el Glhnrlel UREPEE S bd S g%ﬂicgmlyrg%f Tont d%mgig S 1%§ga sure.

oxygen I'S above
- -asadequate commonality is achieved. The signal channel can also be operated without a cover if

- desired. The reference and signal channel covers can include planar members that sit flush against a
-surface of the housing, convex members that define a space adjacent a surface of the housing, plugs
. that fit within openings in the housing, or any combination of the foregoing. The covers can also be
- formed as an integral part of the housing.
[0064] - In another embodiment, the device can be provided with multiple radiation sources (e.g.,
LEDs) disposed within the same housing or in different housings mounted on the same substrate. In
~. yet another embodiment, the device can be modified so as to include a plurality of signal

. - membranes (e.g., to measure the same or different analytes) and/or a plurality of reference
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shoul'd be understood that other types of indicator nolecules and

conbi nations thereof can be used depending on the partpe@ctihepr@syt e of
interest. For exanple, |ight-absorbing indicator nolecules, such as those
descri bed yw§ ghhogesy Pat ent No. 5,512, 246, the disclosure %TWQ?E‘&EHES
i ncorporated herein by reference, can be used to neasure pol yhydroxyl
conpounds such as sugars, including glucose. In another exanple, indicator
nol ecul es, such as those described in U S. Patent No. 6, 344,360, U. S.
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19 2 'P% &¥ %38?%%%“%6%/‘@@% §§$WE@%%Q‘“¥?§ Hb?"&‘ﬂ%%a%()%s. thereok 5 npasure
t he same referesbieichanButtis efeiab il fllRE QR alrhéBim cdribsfiding 1O he e¥BithBnbdifm but g
enbodi negé@ﬁhovﬂvg herei n has, onl(%*two channels (i.e., a signal channel and a

auy typstof sredivmy Jior prample, testsihavechawaihat aeansing Heviesi withod

channgk Mabdnk I %‘1‘%&? Lty .of this
devi ce ?%(ﬁ@nggegﬁi e oxylgﬂggedl“g@lel S 53%%'&%%}.‘%31 e%‘ggeg%%%gga r eslipl)%'?léltugry gases
has siegvirdumeaitn send¢ easts; iimiay be desimble teoreatp vgcutunén thevhawbeean be utilized in

Con gD Ykl et et b ol B AN S 0 S, Wil g e UPt ake

and r of ato
-~ ‘possible to detect the presence and concentration of an analyte by measuring fluorescence decay
time with the device.

-.[0068] ~ While the invention has been described in detail above, the invention is not intended to
‘be limited to the specific embodiments as described. It is evident that those skilled in the art may
- now make numerous uses and modifications of and departures from the specific embodiments

described herein without departing from the inventive concepts.
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t he neasurenent of critical nedical paraneters such as netabolic rate
(calorie expenditure), indirect cardi ac output based onatlridbeekomri ncipl e
(first described in theory by Adol ph Fick in 1870), pulnonary function,
and onset of shock. Many of these nedical diagnostic determ nations

require the neasurenent of the partial pressure respiratory gases at the

- very end of an exhalation (known as end-tidal p02 or end tidal pCQ2
levels). Wiile the illustrated exanple is preferably used for the

measur ene@laimo$: oxygen, the sensing device can easily be nodified to neasure
ot her anal ytes, for exanple by use of different indicator nenbranes.

[0066] It will be appreciated that the sensing device of the present

i nvention can belused i nAﬁl&}ectre-m)‘pﬁéaQ@&%nif deaiderfar dlﬂ!@:éi(ﬁg @seﬂg@bﬂ’etrﬁsdff hat
Jevice can be enpl oyed in medi uns

- can be sensed.. For exanple, the sensing de

made up o”f“a.f%‘i’%“cﬁmfa lﬁﬁli’ngmgﬁeftj CRRPUMBZor conbi nations thereof. The
reference chanbes bSadhiiBioaRlcndichli@dattididh; @ medi um corresponding to the
external nediumbut can be filled wth any type of medium For exanple,

tests have shownb-t Bdirstand@mserand nhetdsensitivietdherpents ecalfigraddd ezceivee chanber
filled W th ai § ncentration in a liquid
Itdﬁlaﬁﬁ)l% mﬁéﬁ(ﬂ%&@ aﬂ%?e%u{q[%l ﬂg@aﬁ E%Fe&ﬁ&ﬁég a‘%reccg q

envi ronment. ases, | SirablTé™to create a vacuumin the
chanber. [0067] &hilfiesttahé asessidigdickeu demébms pisdionedes edciclve dadiftvner@s
measuri ng, i ntensit i ssible to.detect the, presence and

it is also.
concent r aPF BiHAhPR 3R0r ﬁﬁ‘?‘i/'ioetrwmﬁég‘gﬁﬁ“?%@ spid fgstdsheandbetasensitivee with t he
devi ce. [A&Adis, WhilllfstlaR@ stana iidieodemEREEcH IRl MELiniR R hRlidcutROVe, the

invention is not intended to be [imted to the specific enbodi nents as
descri bedith i prtical shgwasteristaresporsive i khd presenrmof ancanabite;ray  now make
numer ous uses angy ARG Id i ; r £ C
enbodi nents descri be§ éﬁglr%gl?]%%vﬁlt% ’gﬁ?g%ﬂ%ﬁ?ﬁ%@%@nﬁ%ﬁ@%ﬁ%ﬁﬁ%
concept s.clements andth©Obitsd bad s@00bindicatorslententsfand| ect r 0- opt i cal sensi ng

device for deteciing the presence gf an. anal in nedi.ym ., sai d sensing
devi ce conpri si n‘%lzlergp S%l%riﬁatil %lc%ﬂr %813?@«%3 FW%% B(HSGX?WQF ﬂﬁrﬁe‘”ﬁf’ a first
and a sedodglpdeas ensbdre fermeldehngls a eovdr niiuhed Jdver thedritMedicstadi ati on and
output an.electrical signal .in response thereto; c. a first and a second
i ndi cat orrleRHEn e Hogsing; Bddyresponssieds ¢ @ressrretiaganalytsin ampedivdi at i on
sour ce ansltetul id MBYBVike,':@di ation to said first and second photosensitive
- elements, said first and second_ indicator elenments each containing
i ndi cator nol ecurhesein gpid seeprdapdipatern elethentavnatrekpesed to tepatmiovef the t he
presence sf; - A i i . i.at §. spur the first
pr esence ﬁgﬁgﬁg?cgfsag%ﬁet porRiV He e GhO e if AR ON RRMLF E b
cVvICeE. .

2. The sensing device of claim 1, comprising an analyte-
impermeable chamber covering said second indicator element so as to render said second
indicator element insensitive to the presence of the analyte in the medium external to the

device.

3. The sensing device of claim 2, wherein said analyte-impermeable

chamber is a hermetically sealed chamber.

4, The sensing device of claim 2, wherein said chamber contains a

fluid in contact with said second indicator element.
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el ements and the first and second indicator elenents; and wherein said
first indicator elenent is exposed to an exterior of the7drwibee20dshr ough at
| east one bore forned through a cover nmounted over the first indicator

el ement on the housing, and is responsive to a presence of an analyte in a
medi um external to the device, and wherein said second indicator elenent
is not exposed to the exterior of the device and is not responsive to the
presence of the analyte in the nmediumexternal to the device. 2. The
sensi ng devi ce of- cl ai m The senningidsiieg oficlaiam4) whereinisajddiuid sstinenalytarber
covering eI 1 ndi | nG . s s to render said second
_..indicat%?ﬁ%P%ggﬁggwﬁ%gﬁgf%ﬁ@gﬁ?§&§ é”ﬁ@%@%ﬁ%%“ "the analyte in the

medi um external to the device. 3. The sensing device of claim2, wherein
~ said anal yte-inperneable chanber is a hernetically sealed chanber. 4. The
“sensi ng devi ce of. cl ai m 2he sineingidavisapficlainafpehereinstidianslyte-cdntainidg i n
cont act m@tg.sgkd.aecond indicator elenent. - 21 27 Cctober 2005 5. The
sensing d a2 88ME ai m 4, wherein said fluid is an anal yt e- cont ai ni ng
fluid in contact with said second indicator elenment. 6. The sensing device
of claimb5, wherein said analyte-containing fluid is aliquid. 7. The
sensi ng devi ce of- cl ai m Bhe winsingidavisaoticlainab.ywiesrciostidianalyt-cohkainidgi s a gas.
8. The sq&§i%g device of claim5, wherein an analyte in said anal yte-

cont ai ni ng gl § &% s the sane type of analyte to be detected in the external
medium 9. The sensing device of claim5, wherein an analyte in said
anal yte- containing fluid is a different type of analyte than the analyte
to be detected i% the ekhavensingdedeaof cldig 5, Wersiens angyen saé aodlytet ai m 1,

wherein sai d.i.ndi,cat.or, nol ecul e . has, an,optj cal .characteristic responsive
to the prcé)gfegﬁg%g QP%C}S%%GWH# e Gifﬁzg%ﬂ?ﬂ ibﬁgleﬁ’ék?fjé%t rextamngl e wher ei n sai d
dindicator nolecule is tris(4,7-diphenyl-1,10-phenanthroline)rutheniun(ll)

perchlorate. 12. The sensing device of claim 11, further conprising an
anal yt e- 9. The sensing device of claim 5, wherein an analyte in said analyte-

containing fluid is a different type of analyte than the analyte to be detected in the

external medium.

10. - The sensing device of claim 1, wherein said indicator molecule

has an optical characteristic responsive to the presence of oxygen.

11. ‘The sensing device of claim 10, wherein said indicator molecule is

tris{4,7-diphenyl-1,10-phenanthroline)ruthenium(Il) perchlorate.

12. The sensing device of claim 11, further comprising an analyte-
impermeable cover mounted on the housing which defines at least a portion of the

chamber covering the second indicator element.

13. The sensing device of claim 12, wherein said housing has a first
opening, and further wherein said analyte-impermeable cover and said second indicator
element are mounted on opposite sides of said first opening to define the chamber

therebetween.

- 22 -




i nper neabl e cover nounted on the housing which defines at |east a portion
of the chanber covering the second indicator elenment. 2%30cidber 3®3Si NQ
device of claim 12, wherein said housing has a first opening, and further
wherein said anal yte-i nperneabl e cover and said second indicator elenent
are nmounted on opposite sides of said first opening to define the chanber
t herebetween. - 22 27 Cctober 2005 14. The sensing device of claiml13,
wherein said anal yte i nperneable cover conprises a plug having a flange
ext endi ng out war d4f r om t Hae sapingfdevive oftlagm 13 abkkreiblsaidgaaldef infpergeadleont act
surface for contacting an upper surface of the housing around said second
openi ng afYVes SPRPHEFS 4 Pheg havineca Bange exigngdingwatwardifignuthe top off thenhigysaid
contai nin upds.-fro he_external meduiminto the c er. 15. The
Consing. ddghdaddiping QPRI E R oo BERY bt uirbee SERTS ol Bvad ©; <
-formed of sdd s&ioall opdfing HUSfoRRIAS A HEYd 81 Bfpr&lefit ﬂ%ﬁion"g}% sai d housing
has a second opening, and further wherein said analyte-perneabl e cover and
sai d fi rscontadingdtunds frah dreaxtersal ensdnimtiretd tlenchappesi t e si des of said second
~opening. 17. The sensing device of claim15, wherein said anal yte perneabl e
cover and said anal yte-inperneabl e cover are substantially simlar in
configuration w t he i of t bore. .18.. The sensi ng devi ce of
claim1, wherei ntlg’ai d fi ?is%‘f?gﬁ%%llggcﬁg '6F ogﬁglr%if,w eﬁﬂngﬂﬁan?elﬁeét

phot osensiniper@esIeBdves B fBrdédia mehpnnel , and wherein said second

i ndi cator el ement and said second photosensitive el enent conprise a

ref erence channel. 19. The sensing device of claim 18, wherein said signal
channel and saig reference channel, are incorpaorated into a chip-like
structure with | &&ds ext eRisHENg dRuce et gwm b whern saif pugnglkasicce of cl ai m

11, wher g ' n[}%u -:{c}ﬂi ' wall,. .side walls. depending from
sai'd top -%/\e/g??(fb%al ’ %li e \%/gr{%érﬁgl\s/sﬁlﬂgmé@?et %%mS%bd‘éSWW‘i ﬁa’g%éé%ﬂmﬂ?ﬁt%d on a
top_surfaaan_aita@eﬁlubﬁ_baaﬁegmitagid&pomicmeebﬂu@@hfhgtOp wall in vertically
spaced relation to said substrate. - 23 27 Octobér 2005 21. The sensing

device of claim 20, wherein a region between said
' 17. The sensing device of claim 15, wherein said analyte permeable
cover and said analyte-impermeable cover are substantially similar in configuration with

the exception of the bore.

18. The sensing device of claim 1, wherein said first indicator element
and said first photosensitive comprise a signal channel, and wherein said second

indicator element and said second photosensitive element comprise a reference channel.

19. The sensing device of claim 18, wherein said signal channel and
said reference channel are incorporated into a chip-like structure with leads extending

therefrom.

20. The sensing device of claim 11, wherein said housing comprises a
top wall, side walls depending from said top wall, said side walls having bottom edges
which are mounted on a top surface of a substrate so as to maintain said top wall in

vertically spaced relation to said substrate.

_2.3._




housi ng and said substrate contains a waveguide material. 22. The sensing
device of claim1l, wherein said radiation source is a byghtotRPRH3S NY

di ode. 23. The sensing device of claim 12, wherein said anal yte-

i mpermeabl e cover is fornmed of a material having good thernmal conductivity
so that an interior of the chanmber will experience tenperature changes
simlar to tenperature changes in the external nmedium 24. The sensing
~device of claim 12, wherein said anal yte- inperneable cover is fornmed of a
transparent natellal. 25ThIbassenkiitg oflehine 80,0fhartiaianegion biteeen smidai d gas
is air. 26. The sensing device.of claim18, wherein power to the sensing
devi ce i_sﬁ%‘isé%@r%ﬁmsaﬁst@% s %B’GY‘?%“‘{%HP%%% said | eads. 27. The sensing
device of claim1l, wherein power to the sensing device is provided from an
i nternal power source. 28. The sensing device of claim27, wherein said

i nternal power 83urce i Shasdmaingeieyice 29claifiné, wharainngiddadintbem @hr@ligam 1,

~wherein pﬁ&ftr t.tg. tgﬁd%ensi ng device is provided froman external source
t hrough a FHUEESH i rcuit formed in the sensi ng device. 30. The sensing

device of claim 1, wherein said indicator nolecule has an optical
characteristic responsive to the presence of glucose. - 24 27 Cctober 2005
31. An el ectro-op3ical séthssamginddeviceof daindé2,edtereigsdiianglyesence of an

analyte in _a mediu sai,d sensi ng devi.ce. co i.sing: a. a radiation source
Tha e ¢ SRafEas By B O o e LS nEgHR BROTSSend A Se it <
- confi gur eftéridr bEGRIcHAnbérafll RkpEikn@E nPLkRYE AihgRl Qﬁﬁraf &?ﬂem?lm%ﬂﬁ%. I'n
response thereto; c. a first and a second indicator elenents positioned to
recei ve ¢haogestip the éxtemalmieslivradi ati on source and to transnit radiation to

said first and second photosensitive elenents, said first and second
i ndi cator el ements each containing indicator nolecules with an optical

characteristic responsi Vend @ntiig de¥ieSeNaSnPl2, dherdi @iy hiyend d. a
“hernetically seal ed chanber covering said secong I ndil cat or
: impermeable cover is formed of a transparent material.

25. The sensing device of claim 7, wherein said gas is air.

26. The sensing device of claim 18, wherein power to the sensing

device is drawn from an external source through said leads.

27. The sensing device of claim 1, wherein power to the sensing

device is provided from an internal power source.

28. The sensing device of claim 27, wherein said internal power

source is a battery,

29, The sensing device of claim 1, wherein power to the sensing
device is provided from an external source through an induction circuit formed in the

sensing device.

30. The sensing device of claim 1, wherein said indicator molecule

has an optical characteristic responsive to the presence of glucose.
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el ement so as to render said second indicator elenment insensitive to the
presence of the analyte in a nmediumexternal to the degy¢richaheng n said
first indicator element is in fluid communication with said external

medi um and said second indicator element is not in fluid comrunication with
said external nedium and wherein said hernetically-seal ed chanber contains
an anal yte-containing fluid in contact with said second indicator el enent.
32. The sensing device of claim 31, further conprising a housing, wherein
said first and s8tond i neincd¢ctmo-gitientesenhsing daiick for detectigdhs peedde of an
photosen5|t|ve el enments, and _said radiation source are nounted in said
housi ng. E‘Sﬁﬁ?ﬁbag’@ﬁ’é%émééﬁ%% dviea @MASING: f urt her conprising an anal yt e-
i nper neabl e covef mount eg t he defl nes at |east a portion

0
of the chanmber Covering tﬁhdlatm 8“5’6%55(11%8]\5\{3 1%%rent. 34. The sensing

device of claim g1, furthgrsGATRELEAPhARs@RANERmAR TRAbLE] unt ed
on the housing over the fi rsst |n§| cat %r esemer‘{ -m 7E%c%t g(%\eér%lg‘ggS 35.

The sensi ridiatieniandodputcinadleatanl sighalriairespeasedhantat yt e- perrreabl e cover
i ncl udes a bore forned tﬁ%ﬁﬁtet hr ough to rovide fluid comunication between
the first indic&tor el ettt 2843 s¢ond dieatorglements pesitiped torreseisensi ng

O 08 ot rafl RO TSI SR ahd i o Ml G300 (CLETRA (RS0 0 117!

phOtOSGﬂSItIVG conprise a sig anne

i ndi cat Orplﬁitﬁﬁﬂﬂﬁv@él&néﬂk Chaﬁﬁ@@%d@ééﬁrﬂﬁﬁ&i%htbf é’l@m@ﬁl@@%htco%%ﬁ% S€ a
reference channel. 37. A nethod for detecting an anal yte of erest in a

medi um sladtstatonmomles@n@rarmmgal charapteovticiiengpnaiveed detpresenpd dfeal  sensi ng
devi ce co%m ng a first and a second indicator elenments each containing
i ndi cat or es havi ng an optical characteristic responsive to the

DS et on soure an ¢ 5o ARRLILPER b AG UGBl B RnfRpe o Trom

a radi ation source and to ?ransnlt resu 1 on

phot osensdlérhsie séhefmrhder salNEcoMigh@icitop deBeht 1ﬁ§efns1't1ﬁ}é bRk %fes@ﬁc%ra%me i's
- covered by a cover having at |east one bore therethrough and said second

i ndi cat oranglyégnara mediumoxiareal t@ﬂlemvwn,al yt e-i nper meabl e,
herneti cal | y-seal gd cha gjg‘ﬁff a ders thﬁ second i .ndj cator el enent
i nsensitive to tKecreisauddystn ’I‘cattoﬁ eﬁ‘ﬁﬁi?t“é MY corunvicRtiomalreihal to t he

?ﬁ\r“ Cg Rextdrft i h B8 SaiSHoHA i Ref R Ui dnt 3AI il BlcohdiS kAL withement

said external medium, and

wherein said hermetically-sealed chamber contains an analyte-containing fluid

in contact with said second indicator element.

32. The sensing device of claim 31, further comprising a housing,
wherein said first and second indicator elements, said first and second photosensitive

elements, and said radiation source are mounted in said housing,
33. The sensing device of claim 31, further comprising an analyte-
impermeable cover mounted on the housing which defines at least a portion of the

- chamber covering the second indicator element.

34. The sensing device of claim 31, further comprising an analyte-

permeable cover mounted on the housing over the first indicator element.
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t he bore

in said cover; C. activating said radiation source to emt

radiation to said first and second indicator el enents, 2amsiefe cadd v
detecting an optical response of said first and second indicator elements;
and d. evaluating said response to determ ne the presence or concentration
of at |east one analyte of interest in the sanple, wherein said response

det ect ed

cancel variables that affect both said first and second i ndicator

el enents.

fromsaid second indicator elenent is used as a reference to

35. The sensing device of claim 34, wherein said analyte-permeable
cover includes a bore formed therethrough to provide fluid communication between the

first indicator element and the external medium.

36. The sensing device of claim 31, wherein said first indicator
element and said first photosensitive comprise a signal channel, and wherein said second

indicator element and said second photosensitive element comprise a reference channel.

37. A method for detecting an analyte of interest in a medium, said

method comprising:
a. providing an electro-optical sensing device containing a first and a second
indicator elements each containing indicator molecules having an optical characteristic

responsive to the presence of an analyte and positioned to receive excitation radiation from -

“a radiation source and to transmit resultant radiation to a pair of photosensitive elements,

and wherein said first indicator element is covered by a cover having at least one bore
therethrough and said second indicator element is covered by an analyte-impermeable,
hermetically-sealed chamber that renders the second indicator element insensitive to the
presence of the analyte in the medium external to the device;

b. introducing a medium to contact said first indicator element through
the bore in said cover;

C. activating said radiation source to emit radiation to said first and
éecond indicator elements, andoptically detecting an optical response of said first and
second indicator elements; and |

d. evaluating said response to determine the presence or concentration
of at least one analyte of interest in the sample, wherein said response detected from said
second indicator element is used as a reference to cancel variables that affect both said first

and second indicator elements.
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