27. Cctober 2005 W ONO2/ 090951 PCT/ US02/ 13734 ELECTRO- OPTI CAL SENSI NG DEVI CE
W TH REFERENCE CHANNEL BACKCGROUND OF THE | NVENTI ON Fi el 97 gictdbae2003vent i on
[0001] The i-nvention relates to electro-optical sensing devices for

det'ecti ng wbegssience or concentration of an anal yte ipprayshis@sisd Or
~gaseous nedium More particularly, the invention relates to an

el ectro-optical sensing device having a signal channel responsive to the

¢ presence of BOEETRIOOPTICALXEN qu#ﬁ m@k rence
channel that is not responsive to t e presence 6}21?15 n the
medi um Di scussion of the Patent No. 5,517, 313,
pRESS RERSY RGPy

t he di scl osure of which is |ncorporated ef erence, describes an
el ectro-optical sensing device that detects the presence and anount of an

anal yt E_ﬂliw_ﬁ_@mml;escence of an indi cat or nol ecul e. Broadly speaking, in

t he cowﬂg L {r the f| eI (ii E‘B res I nvention, indicator nolecules are

mol ecu av lﬁ felqieyia etsps 8 %WP%@F@?@WE@@MGWOH he | ocal

_ presene@lcaitraﬁﬁnaf@idﬁh@temﬂ 4 of Qis'ﬁ‘éﬂiunPfMBllg .
Patent No. = 5,517, 313, a Ilﬁght sg%?ce is | ocat eg) M‘east?ecﬁ%%‘ﬁﬁl%}%wth in

a | ayelo Byelseipwptical seusing QP‘ﬁ?fhl{jlWlﬁ@lS@@]mhanmtﬂewmlmtotﬂmpres‘ehmfmemmen

L um pad cpé(%a%é the L] source

| ocat ed alfcf‘ll1 eas pgr%n?%@%%%ﬁereﬂe c%?%%% Jtre onsweg%{l?eﬂﬁ?ncra Pg‘%‘?

em t t egpalyge ifbe medimpe strikes and causes the | nd| cator nolecules to

fluoresce. A high-pass filter allows fluorescent light emtted by the

I ndi cappl, Jnl e I to rgach a phot osensitive elenent while filtering out
scattemﬁ%ﬁﬁ%ﬁ%ﬂght source. [0003] The fluorescence of the

i ndi caf0002]no| ©SuUP&ent NEP5.SYES I, theldiBloNRY bERNIEILR GhdoRRAkt
5,517, %1%3 IS rmdul at ed, i.e., atetenSat ed or enhar?ced & e%lﬁbyfeg%% gpresence
‘of an 4957RPP an eleqten-ontical ppmsing deﬁ@e&ahdp@@t&th@rﬁsem@@@mw offn amyte:mmg ex
tri s 4inforecaiie By | rate
quencheddrby t he &o%amt%%glgﬁggaﬁ%o%gy% {ehrgg %%E%topdl ﬁegdc@(ﬁr%ﬁ’rg?n an be
used amvmﬁlpege@g@myndecuadsem mdeoddsdaving bmzoru Ingore optival chxngiefstie AFted by

I ndi c | uor esc erties gre affected by varlous
ot her a%lgg c?/]trge%ssggcreeo? BOCE'@ A‘l’? the qeyitrrccerrme o Ude Prieat Niescr i bed
in U. ssma31emh@hso&ce5&1’ocafe3at I&&e Biviiltin £ R§4rif tlabial O t0f

nol ecul es able to the ana?yte Thus, the anal yte cant’g use into
t he na’Pg‘F?”é‘fStﬁ resce when illuminated by the light source. Altematlvely, 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




t.he surrounding test nedium thereby affecting the fluorescence of the

indi cator nolecules. The |ight source, indicator nolecs g.LBRIRRI NY
material, high-pass filter, and photodetector are -- 1 27 Cctober 2005 WO
02/ 090951 &ﬁ?§/13734 conflgured such that fluoresce mtted by
t he indicgﬁgﬁb ecul es inpacts the photodetector suchgkﬁg%&2%7glectrlcal
signal is generated that is indicative of the concentration of the analyte
in the surroundi ng medium 10005] In order to make accurate neasurenents
based on a single variable, such as analyte concentration, the design of

t he sepaifigyredaydbabat rﬂygtesqestiim emittad bl m@m fmoﬂmaley trapacis tiseplibtodéteator f rom

all ot nece on of vice, One way to
o t i Stk o BOLAE LRl 1 Pl i RERHCRGE S Ponipnriaion St Sbchiine

t r ansdsmmugdingangdiamsunm ng t he reI atl onship is well defined and

predic ensat e for these factqors mathematically. Inportantly, this
met hod{@géﬁl r n%r AR ACErat et RRgtshaged; o) SiRgl Yasipblg.Sueheas apalyte

speci f eqobhtiation fidk @sids Toﬁthb %sﬁ%ﬁ@ﬁé@:ﬁhﬁ f’slolafg)cﬁ@ Effec&%? %dlﬂb 9&10@1&9&&8{1 lnlc ting

its behaor qver tlrre 006] I n the exanple of the indlcator
Rut herflLpther yegatle Mﬁh@?&@qmﬁim?@mﬂ%’ﬂ% &namaﬂodqihsw‘@lmmsmnaﬂlp

bet weegind I 8 t S .des

he. S e S B R R SRR AP RO ol
ratio, m%hﬂﬂh@d&xygmnﬂmdmﬁuthaﬁmmmnmﬂmtmmmﬂy|Hmmﬁmu&imﬁmxﬂﬂhﬁaﬁmgpﬂstant
If th m nsSOkr CO ruc usi.n e of indjcator were
recorgmg&%ggir%ew %‘egﬁﬁw TR f?éﬁ?c Lrms gﬁﬁ& ma&‘ﬁ?llnéqﬂebs except
_ oxygerﬂasmmmﬁqiécﬁnmgmbmmkdv@a&ea plot as shown in FIG 1. One can
~enpl omhgénSt er n- Vol {)@Pf&gqt .as shovvn to measure an intensity in the

prese d Bphesran cahéwlteewa%bmhewlmhen@thrnhne for
- COr I esixamgie e RAMBALh %Ba%éﬂlﬁ&tca uof sﬁm c%n&éﬁlr& mé‘&es%%dfb s a
calibration curve. 071 In rea ty, omever v I's a func

t enpertae Stea- ahmrpquah@ts,t practical applications, the tenmperature of the
test medi um can be expected to change substanti aI ly. The tenperature can
al so change very rapidly. To account for the tenperature sensitivity of
KSv, the Stern-Vol mer rel ationdfijp1eRy [po,]represented by a series of
curves, as shown in FIG 2, corresponding to different tenperatures.

[ 00081 Introduction of a second va:rranne 5uvu nmss nperauure nmus nakes

e as UL, 6f ad iBRnsity 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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first:variable (i.e., analyte concentration) nuch nore difficult. It is

necessary to know the -- 2 27 October 2005 WO. 02/ 0909512 P0Tob&0AnE3734

tenperature accurately in order to know which of the Stern-Volnmer plots to
use for fiwdigggodbsye correct oxygen concentration from aRAGH{8S I ntensity
val ue. [0009] An exanple of another influential variable is signal drift.
Drift is |less predictable than tenperature because a nultitude of known,
and often, unknown, factors are causative. One of many such drift exanples

is illustrated béﬁ%ho_t o-oxi dation in the case of the indicator Ruthenium
tris- SPBREIYT 3ReERicht Boster focknoprvich ofthesSiemoYolmer plpt ée we firddhigtte i s a

wel | et 419 rfk@At kit om WhistlnGidhSy AR @ (1yPi cal |y phot ocheri cal)
na a

reaction occurs between the indicator a i ent oxygen. (In the case of

t he i nE#08¥t or Amereaments efinothprdniieptid rvptigiteis aigntlrdaift. Aeift is hes phditiabieglizadat i on

OCCUr S, Walel! e Thi s radati on.reaction results jn the
'cOv;I étﬁ'?lﬂgrﬁ{gi&plzéfgn%ﬁgﬁlﬂ&%% @%?%Ir?n%? ﬁ%’n Eglﬂ‘?la’i“t%?tfﬁs af?l)‘iagﬁ?%ﬂ'ealrjé)’%et Jer e.

Once osucklildfexarbples is iblisatdsy phosescxkidatiol OME casp of the inMaReRaMskiakLEs] Sti CS
If a variable drift conponent

d i LLi vty he intended apalyte, |
© Gue t OpRTBLebtnding, PhaS ataioR ket -dishineries el dresteeddempenismr o

. dependwhith veiisaled aiﬂ@i&ﬁlg ﬁlg}tdih&iajc&)' rdaltfon’d3Sut betivsenth SRR | Ylpidk the

type shown in FIG 3. Fl shows what a Stern-Vohner calibration plot

" | ooks PR [fribe cqsgof theindicatns Buihenigm tis-biphenylpharansseline, the photodsigragationy gen

COoNCendceats dRdho HipaR diilnb efmecfe?%ﬂ&tﬁm r@%ﬁoﬁ: ?,'1% ﬁ:\e%ﬁ?alle%nks éi](r%l(eﬁea . fesult of

ongoing drift due to “~photo-oxidative degradati possible to

"know viereHor of thi indisiater molegulasstruftore. fOnee pxidized igandicaarioenitkatwan wi t hout

R e e R s e e

f rom vdue itwjioto-exidationtis apetinpdsed ovep el pievidiis ieepetdb@e Géljéh&%_i VfablelsGm fOUr Ce
| ndi cator, a

 directly ” " the fl det ected f th
o E1 e it 2RSS P R o ere e Slarn PG R 1 shove sibet aStom-Y plmen duced
~as er ralbridplof 106ks ke uhddh #leliffiendd dFiohlySRI4E Q&iagfeEtEléaS?igg ggyr%ﬁused by

transi ent changes in the sensor power su du e operational

hé | ] pply or
i fe doBcaBgMoehanging F@nexegm-ag@mﬁmgmﬁmde Saresulfed nsgodg drift dweabi ng f or
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i'n -or dencetmatipasiigoutknosileige obhorhipeaturs atithagnodiev dgraifionteRperiyéddase of

measur'en a single anal yte, some neans of correcting for kinetic,
nol ecdlaF &¥abi I | ty, and systeminfluences which would ot herwi se introduce

. error [00eop -t Yot another example of error that may be introduced is from variable excitation light

levels. Since the excitation light source directly "pumps" the fluorescence detected from the
- indicator, any fluctuation or degradation in the source light will directly be introduced as error into -
.« thecalibration. : 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
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measurenent is required. These influential factors can becone conpl ex and
are highly interdependent. For exanple, an increase i 2%h@cpeerd0ife wl |
also tend to increase the rate of degradation due to photo-oxidation.

- There are wohyospsie known and often unknown influential pgrgi§efiataber 2005

WO 02/ 090951 PCTI US02/ 13734 factors than the three exanples described. The
result is a very conplex and difficult to understand series of

i nt erdependent variables that directly affect the accuracy of a neasurenent
by an glectro- optical sensing device. lpOlZ] One net hod of correcting for
the 1S thn 1% ?ﬁqx%epp%ﬁiqsggaeésﬁ%wslé is s ey cowpley apdedifficuli deundetstandel t hat
I's 1 espassbifictde idba! l,n the
external env[roﬁﬁgﬁf&%$%§ggﬁfgﬁ%ﬁfggﬁ%?ﬁgﬁégégggﬁg%&?h%%ﬁgﬁﬁﬁ%%&Fﬁén be
used t@pticalpensing dexicef f ect of such variables on the sensing channel, for

exanpl t gkl | e nskn ref.erence .channel outputs.
e RO | S lethotfof il dhad e A AR S Al B L S o e
envi r ovaened that ishéspousivteitoalt riablds exepi the presaesTitheuel telih (R es@rmiahat , i f the

ratio is.plotte t he result ul d be flat .line, This ensures that an
‘change™ If‘ﬁ%nt'oﬁlﬁ‘ep?ﬂtp”rtgrf’ ‘?";‘?%D eéﬁﬂ"*‘a@?"?’%‘ﬂ@b&ﬁﬁed&ﬂ&ﬁﬁ%‘ theefifgcbofvelunt o?‘/

anal ytveriabled Hiethe ¥énSing @han@ElY fof XM by GRAZ Sk rRRVEFHR! seft Rl SSfeRhicd!SI N a
reference channel in this manner "during analyte detection are ?movvn in the
F@P”@ia%'l‘té, Inithexpbsenge ahanybangs iwthe ameent of pealydein theextireal leovitoneent, whi ch

having a reference channel contalning the same I'ndicator chems as the

‘measurlingg Thisgnsmets thas roegangdiatthe duput sftieiedeentierin ey ciasgedaalicehotint 6f

varni . der it .l pperneabl e to oxygen. U S. Patent Application Serial
No. 3’371%%3&% T a? %W%g% 26,, 1999 and entitled "Optical -Based Sensing

~Devi cq8013] whiSehertlsesaaplesst usg aRefb@nte dNaunebinIB0 nfier QividgemeRREdetebAon #001)
~the disclosure of _which js incorporated herein b

‘anot hdPOPR En‘bTh_é atte fitr gRpglenU Schatsh &I"_d%»ﬂ%%ﬁﬁhﬁ'?ieﬁ@g displesusy efivlickeisannel t hat
- start Sncopdtiratéd hddeih B§ re?é’r@ﬁ‘cepﬁtrq‘ib@%zﬁ Hh&%c\ént%gﬁepﬁgllﬁg{]@v?% a%fe?eh&? e Spannel

reference, discloses

but is further processed to bloc oxygen rexanp y coating

‘the r epelpaingshe spmeriadicaiprchensisin asthe gieasuhiag chiasnél razespirtmbihe reférenc)chgmel

[ 0014 ' i.nduce o di fferences b en the
” bhan’né sy;ﬂtte?\{avt?i Bﬁ%‘%ﬁ%&o r%@&?%%{ gfég%%l:?ym ? ?@eﬂ‘gbggat’?lgtpfpé’hwof‘ %8“% %uts. For
- exanplo8/388 48, diliedoigubr 2601 999emnd efititted Opticah Based [SensiiRyD el MWhRAS S Dis

ecr €458 okt No 26,551 463 oh Decdnlbe? 11,2051 B2 el sire o which is incorporsied-berein by 20°°
: - . reference, discloses another fluorescent oxygen sensing device having a reference channel that starts
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.




channel are designed the sane, one could be running at substantially higher
tevel s than the other due to differences in reflectiVvidyOctbheraddsti on,
anbient light that m ght be present in the external environnment at the sane

wavel engt Ry@gasdobsd1 f | uor escent em ssion woul d probably negrh6:Rkked-up by
the reference channel and, thus, would probably not be cancel ed.

- October 2005 WD 021090951 PCT/ US02/ 13734 [0015] Yet another difference may
stemfromthe fact that surface chem cal properties of the coating create
t he daom nant _properties of the reference channel whereas the chem cal

properPId  ofYet anpther differeacomarsiems fiom the factthatisintace chemical iphapettisspitant

pr operdohs Sdard ' U L Qi ust .and .
condensat_tﬁli%_on, tctﬁgﬁq ca t?%r?%%’?%ﬁ]ﬁe; a%%gﬁheﬁ%suﬁgc%e@lg{%@%s o

cr eat dhoindisatortinfttral onmekix cra@théflorhinant prapetios ebtheshsidg thaatelrechani cal

m cr o- - i.nfl yences .driven by.surface t.urbu] ence uld be different
ina re’%e gﬁ!:l tgﬁg#ﬁ%(fc %{'{Sathoélsdk?\g”é%y“%mﬁlqkl eﬂﬂ"gﬁ’& bexpectedgr eover
speci feraateadtlssm differemoesor di f fusi on characteristics may be different. The rate

of ph - oxi dati.on woul be expected to be dramatically different as the
li ght ?@@é? t e?ti lﬁgls%f’xpﬁﬁ%ﬁg%'i %c%PJH?%l gusredhermginfiusaces deixen bygurfase thibulsnesi fy t he

excit g i Wotall I . S bbb di f ferent
Fhoulbd différe@in b Berkd icRAO thaTBhEGh golgnl%afeé %@%&s&&f Wb ﬁ{"Q’P

rates of photo-bleaching thereby renoving Key 't soug romuse of
t he r &pest et aliffusion@barggten sigomanbe differenth dhe rateofphotosnddabion iwbyldof t he

analy MY ' ales L., establish the congcentration as
'seen tt]))get %{éggﬁfé{%ﬁ%@ﬁ%nne: LF%#%%F%@%%QQSH% ArYEEe Y% gen, ,  the
i nher spatingahaybntensify taf extifrdion diak on therimdientdraholéonte. Tisaanlddebdlt iBiffdient OXygen

| evel i N t. the .interface between t coat i mat erial and the top
surf al® Sp‘?r}tpgﬁtg%?e@f’alé‘P%ﬁ’f@b%ng.a E?H\%Shﬁ’“ﬁ i m%loggﬁe!r?f’?vn‘fcéélﬁw in an
~equi | i[@017pm GaRGRRY, #d iﬁ]ﬁbréﬂﬂﬁ&luﬁiﬁ@ﬁ;fﬂﬁ%ﬁal&t@%ﬁﬁﬂﬁ@%a’ﬁﬂ% hRefw@xygen in
air, then the reference channel wll "see" a relatively anoxic

envi r 63ARsh theconcgpirptioniga pesp by ehegefereaperharncl.{ For iexammle, df the analytesoxdyeen,

envi r gRITER: ; el 8 I as_nentiaoped

' abo_\/e?m:t hene%ku%ul%%o#g{sigg%%éﬁaﬁg}gp glfg\eé?gﬁltlzge %ﬁgﬁﬁgﬁhe\%}l%@nﬁ%éﬁﬂ reater

- than itefase Yetereercthea rrmtihg miteriglomd die tpseficaef thoefitee dianhdle AssuvehEis

relatj P . bet ween oxygen quenchin fluorescence  intensity. Further,
becau g(gei{}?]‘ﬁé’%gsuﬁg 1 aé]segu@/?ﬁﬁg i 3‘?“8“%%3{1 %}“gﬂ Fﬁﬁ%ﬁlhea fj cpnpentiatipR Pé‘i’?@’gﬂ}:%n el on
aver agenitie eRiehceokanivl &ill ts6€ J laivdf aliRichvieotntbal, II0Wil %R pdrdem AL Fvi ously

described | iagrht scatter influence) will be reduced bé@t he ratio of oxygen
Sin thE EsR aRgneEs etyronReie H theindicator mpleculeywere a Ru coppleaes owntigned al t er at i on

of , OBbdvBCth&tSth® AutbsceddRSF ﬁﬁ%fe&ﬁée FATRPRENSmRh g}'elﬁ%r ﬁﬁﬁ‘rtﬂe@%ngpéh%ﬂeﬂt wi-thin

- sensor baseline because of the inverse relationship between oxygen quenching and fluorescence

|}

- 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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.the indicator matrix upon initial application will alter the perfornmance
, ehar/a{i:fterix,_i‘st ics relative to the signal channel. [0018]2F0Gobd; 2dokustrates
an gptical; sensing device 10 of the sane general type as described in US.
Pat'ent No. y809@49s464 having an excitation source 12 in %?%m&@h%?f an LED
mounted o a substrate 14 within a housing 16, a pair of indicator
menbr anes 18A and 18B nounted over openings 20A and 20B fornmed in the
/housing, and a pair of photosensitive elements 22A and 22B 27 Cct ober 2005

./ WD 02/ 090951 PCT/ US02/ 13734 on opposite sides of the LED. The indicator

~ channdl®"8

/ ~_menbr fePPREFSiden ef hakEDb dbe indireror siemprantrdwee the same base Clretiisteyt, howeverbr ane

shown ; | ' ' ] terial .24 that is
i mper ntgg ﬁdteég‘%o?)h%%%agﬁ S]%:Orl‘l"gianrll1 4%% ﬁ%@p%ﬁ]?’gﬂgoéro%eg “E@faé?%“r%%g%%ﬁﬁ el . [0019]
FI G Smpsmagable poxygen cnudbmpids formesafetencd dimngel. sensi ng devi ce of the type

'_shown' I G illustrating.significantly different responses for the
si g'nal[bglndj r et ér%ﬁ@@racpﬁi‘é) ﬁ%ﬁ%t’%?mgﬁor Wcﬁ@?%@’PﬁﬁEQWFé@r‘f ng whi ch

- the sdfisstagngidyiifentls dERANS REpdnesEBthednaR hid 1BRYEnBIcBNAR SR e QeMEEN
concentr.a%_l n. It,c%ﬁhseen that the ratio of the signal and reference
9%&1@% chithe pepping feviee s exngeesitp ambient air hawing peprstant pxytmnct i on

fhat roResiaile1ARb8 AR helf JraR il £0TRLEHce SRRl A48 HAD L0 the

foregoing, there are other nethods of using a reference Lgllfjrl ng ana
det ectling§s desied, bubapdnereasingduncrign that makes intekp@8tip 8f7tha naulfs, cbBPIeX29, t he

entir o3 C| | Lare 1N orated her.ein reference describe
“oxyge ﬁoghg(}% o) (rié E&e&rr%ng% iﬂ)fllgg}lo%g%m% !t%;%z}rg ?}){h@]l- %%‘E‘%‘%rﬂ?aﬂ!‘g B 5?3%‘8“16 HH?’&%%“S}WB
~cheni gletectim. tHoaexapmpid, UeS. Patent Nos 4,86 5707 and $2196,709, hise enfird Béchisthi®s bowRich
i ndi cat or bein uenched b gxygen and a europi um based indicator being
| ar goyF IFGIPTEEt BICRY Susiset, St orp Ao PP e i oide
i sc! Gassdndibaropiohéiistis Bt RIRC AP H RIS DULhEL BB ERicatolB36E | DES an
e a

oxygen sensor in which a single indicator nolecule Is irradiated at

cer t ajHeRcavEPRoRErn andrapurapiun-bassd indicator belagraraclydmasfedtédbymalyean BSi s

.. Measurpge,ONE s ,6949593 thd ﬂtﬁ@&s&&%&?&'ﬁ%&@? %&J ﬁcorg&w:e&] g%r%é%?gl e{ﬁﬁﬁgeg Rt i s | ess

sensitivities to oxygen. Speci € em Ssi on
sensi tdescoibesoanoxygrarsensor inseltclessingle fientenmeletule isdtradiated & alcsRait WaSbih

i nt kI - 'S Pat. . ..9 462, 880 d 5,728,422, th ti
h?sgp%%plggmg%sc% ‘f’eca §$éeby2&‘§8m}eﬁ@8 F%B?aa‘frsﬁg%é%‘?%‘ nf "é‘f‘%ﬁti‘éﬁgé’g‘?tf; (rjgscri be a

- radi otmeving tvd differeaiserbeti@ty 86/ es Sy ifidalle the @ehi kiR |sPatkA Whithiflesy ence

nol ecule.that is substantially unaffected by oxygen and has a

' phot od¥EBIYH S PPEEHS Patdes Sirepiente tp eptiortke tragmissioprntensitiesc Ui Patenidiasi onal |y,
140 i s o s S M i o S BB,
| uor destbreradivmetyic flugrescence oxygen sensing method employing a reference molecule that is

substantially unaffected by -oxygen and has a photodecomposition rate similar to the indicator
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
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

-~ 6 -




* there is provi

di ssolved C02, in which a blue LED |ight source is directed through a fiber
optic coupler to an indicator channel and to a separ at @7 (RI®EISES

phot odet ect or whi ch 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 neasuring cell for measuring changes in the

intensity.of. the excitation |i ource - see, e.g., colum 10, lines 1,
et seq.. BEfFW_é’rr 1ce eécnqﬁéla‘ggft’s ne ?’GW,SW}' ‘i:‘\qrﬁgrb@ﬁ_tnpqn@xglies@ osure of
~which is ghaf d BRKERECRIRA £11B&E GER ﬁ?din_ra%@;rc@i&goﬁmfél@ﬁ&r &R, absorb

ance- based sensor for carbon nonoxide, in wh a reference el enent
reflects fetegiming phen a npasirg danat nefds replaenphbdwdelifretemsibldepler changewhen a

measuri ng el enent, needs_.repl ac t e to.irreversi bl e col or change. There
remai ns a need iﬁh?rﬁéﬂg?lps Eg?ed;n%g‘? g@fqr&p&bq%gapﬁgaiﬁggshrgg CYERRth a

r ef er enceretdtanieahaiuitd that RBPEHYEn tReMfFIGNhE He/mhdiRr 4IK8 MRRNAI: danddle
measuring channel to all environnental and system c factors except the

 presence Bralkgnviiaamental s systemicdaetorsrexcemdhemesmeapf enariahon abinteresSEMVARY OF

THE | NVE : e wth a first aspect of the present invention,
%E%ehe&éggﬁ%ngfeggt ro-optical sensing device for detecting the

presence and concentration of an analyte in an anbient fluid (i.e., liquid

or gaseous nedi um includi FPMMERY GF THEANOALOTICR  ements  positioned to
receive excitation radiation froma radi ati on source and to transmt -

resul tant radi at Jroaecerdapeeysith a §rst psnseioafdhe present inicatiem there Bpgovided mat or
element s S85H-pRRAE 8ol DEERP TR EFYL LR 08 AR BRI Gl Mg 1 o1

responsive to the presence 0 ousi

radi at i oninsaundéent final @.es, Syuidnd gseoansheding) ds@itng b ¥&ir oLinavaitk Slepftdist he
first and secon@ i ndicator el ements; and wherein said first indicator
el enent i ROSHIONES ifrepgve prcaiation fagiatign fropka mdiation spwee agthtodransmist one bore

formed t heauaht radia6eY 8 o g&gi‘?ﬁ Oﬁ%té%‘éﬂitié@&eﬁ%@tﬁt Thé‘ﬂlidfcg{og %1e%le‘ﬁ{£%’?a{ah o the

- housing, and 1s responsi presence of ‘an ana I'na nmedi
ext er nal contdimmdibatar omlconterhaiing aaiogti sz chadcteridicaatponsive totive ptestiscendt

exposed to the exteri.or of the_devjce and is_nqgt responsive to the presence
of the arf YRS HORUTE SRR e SHfison BN AU GBY SHORAPBIOSIRETET 1t he

i ndi cat OreleRbREBRRE the iiSst GAY SSBHd Mi@%r%aﬁgﬂmemk@ﬁ&b&gng ort hat

renders the indicator elenent insensitive to the presence o e anal yte
in the exd@npenis expeseddnmnsktesior ofithe detice through at least one bore formed through

a cover mounted over the first indicator element on the housing, and is responsive to a
presence of an analyte in a medium external to the device, wherein said second indicator
element is not e)::posed to the exterior of the device and is not responsive to the presence
of the analyte in the medium external to the device. 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 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




can be used as a reference to cancel environnmental and system c vari abl es
that affect both indicator el enents. The chanber prefepablasbbotds an
anal yte-containing fluid in contact with the reference indicator el enent
so that the indicator elenents operate under nomnally identical
conditions. The indicator element used to nmeasure the analyte in the
external nmediumis preferably also covered, but in a nmanner that provides
di rect con ct betwe he anal yte and the indjcator element. The

r ef er enceTEHIPE B footi“é 8Fhsen shcambypatians thergot; pr CXATERG dhe iereef t in the
conponent cARNAk R cdnPehldds biCcdrRel 38 iltBk & \}éﬁaﬂfas ﬁllaﬁceﬁle A lafﬁgn St\ﬁlelc €

envi ronnent 27 October 2005 conditions external enso
conbi nat i Girgst dgngof thEodiatiarspires; dhheges affectanptbe pexﬁvmiaaceumesénﬂmvmp@ﬁ) ensat e

~or correc r,internal variables '.ndu d. by, ,ano ther thin agi ng of
the radi {hl 5’ﬁ té’t?ﬁi’ts’g]é' Lﬁﬂ'ﬁﬁ&eggﬁ?qré ?ﬁﬁ?ﬁﬁﬁ?&rﬁ)&%‘éﬁ@e%ﬁ"g §8?I vity of
the phot og@fsibh ttsn@bE BN fihe HRI@ID Uedtdn® el 1t Bict SR ﬁe%%% es,
changes in the radiation transmssivity of the indicator elenents, etc. In

ot her exafAs hegised Wé@lﬁﬁ@&%ﬂémrecorr@atrfomm{mmental urmqb&m {ape vaabdeyr rect for

The dovi it RBRGR skl o ACHeAG Siohderap R, g copf gy &' o 1O

characte rml:ﬂicanﬂqaﬁl’cteﬂm@@rc@ appaitioptital Chahaetifick SF tHeSnditatbh@olebslecat or
nol ecul e _irrespective of the presence or concentration of the analyte. In

* accor danc&eiRechHvaolbe piraenss peedncentration githesamalyté-nvention, there is provided
At Ton ¢ TP itlecq RN B bl i BRI aRAHE SRR T 12

radi ation; first SGCOI’] OSG It V COh receive

radi ati ormmiebu@mmical ﬁl‘mngHméerlnclaﬂmglag%htnblﬂsdh%ﬂﬂﬂ%ﬁntsh@dl@ﬂi(ﬁl firdtr st and
second i ndi,cat or pgll enents positione recei ve radiation fromthe
radi at i orfRdS6rd PRAtPSESIES {s Gog ggqefi(gq]rchvg kasdigtiongnd gRiput 8 cond

phot osensijidy& %'gﬁﬂ‘%m%g fRIREGD] ﬂ&LMld dcb&nd i3 c&% Qo {n@@&@ﬁ &AGD

contai ning indiCat or f'ecul es i t hoan optica arac I'C responsive
to the prre%'m:@dmtlmaﬁonahawlumonanukcaanchmammmurmhemasmieahé first afidanber

covering at |.eas ortlon t he seco ndi cator elenent sqg as to
render tH&® @élcpg’ﬁ%f PR V&Ftled?e é‘??Bﬁ‘ftwe gﬁé?‘%‘f’@@?%‘“ﬁ"ﬁ%e?ﬁhﬁémng of the
anal yt e iiadidatbRaiblGnIeX vth Adbplical Eﬂﬁaaeﬂétﬁ%égleﬁi&é B tﬁ@bféséﬂc@%ffah ndi cat or
element is in fluid conmmuni catl on with said external nediumand said

second i rigpkyie; end e enabyie-impermeableicharbericdverorgmt heasto pa:rtlommf thesadoadext er nal
medi um 3n4 XVQF&S&E‘ 13818 to reﬁ@gtl Cal 0%‘} Wﬁxcg edleglgg Waeqs 2&% rpré:’j‘s:rclance

anal yt e- cont arning |UId
: of the analyte in a medium external to the device wherein said first indicator element is

- in fluid communication with said external medium and said second indicator element is
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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el ement; whereby the ratio of output signals fromthe first and second
phot osensitive elenents can be used to neasure the preggoeebanzdos
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-containing
fluid can be of the sane type as the external nediumor of a different

type. If the analyt .S a.gas, the partial.pressure of the | yte in the

chanber fl uid isL%Fgf“g?%%wg%u{i%?ﬂmf _ mpuing '%f ﬁl@iﬁé&%ﬁ“‘%&&?g@? pressur es
of the analetichts] the e afid! seécotd hdtbsciBitive Blerbhts SARANRE Audpfkiod sittd.aRhe

i ndi cator nol ecule is_tris(4, 7-diphenyl-1,10- phenanthroline)rutheniun(ll)

per chl or afwlytgimperoreblsepvereos by movatediondheleusingdp deeneathienssd pertiwafit i ng
the first th%%ﬂalﬁﬁ{i‘%ge rgg,%ag %%P%Elﬁ ilﬁiiga?‘}ilfﬁnentt.hff a%loégﬁig\g Iflsdfgﬁﬁfcci; rrlldth%

phot osensitive el enen e radiation sourc e-T nper nmeabl e

cover canhdasimpthetsecbndrindibftohela@bmtgnt thed@ivene@ndle tha@sdd ¢h ARotitaid®lof t he
chanber covering th econd indicator element. If an openi ng} is formed in
the houst @PW‘H%‘%&%M}‘Q rebplyeent Theepveneandaglade a shigdbatpount ed on

opposi te sides b thd %tf‘enﬁge ARGL G c%‘gie %&B%f%@?ﬂ%@%eﬁgﬁéﬁﬂ%me”- The

cover can I nclude a ug that extends into t 0 e cover can be
f or med of prafeyatdy faraist @f matabr Aalanblyte-pesmeghlefiest abley choalsebe afouned ah. An
“anal yte-perneabl e first_.cover can al so. nmounted._on the hoysing over the
R L mﬁ&a@r Pléa!emrhfgfeﬁﬁf?cg tTh éfrcoef%cqnﬁeﬁwéreé BorBor e
formed t kAt iHgiohsh RIAUTIEE fAlidudthr@{TEaH3h Bt RA 1REENEGRihINRdihibSt
optical indicator elénent and the external medium First and second

openi ngs demenand ghenaxtiernal mdrum h &irst ang sesindloptiiegs ¢andte formkddatinr el erment

~and the fjirst an t e= per bl e cover i nt ed on. opposite sides of
the 11 1t u3ing Hon theTi S CRdRag: 8iRrrinadts B ariEwe R RS b

anal yt e- i fip@ite®anbeposRE 9ides SRAUE fird BhAEngAHN IRGHhdPMEsbE Schbsiend @le t he

second opening to define the chanber therebetween. The first and second

covers araapiteitepemiegble senad sover dping nagusiddan dppogitersidagf theisseondi th t he
R R T R N e S
i n a medisubjtastilly sireilerda comfiguiiitionngith thefeR¥dplibR 6f id bekect ro- opt i cal sensi ng
devi _ ce contai ni nﬂl a%cgridzrmscte “?ifr:]hda fahirsdea%ger:;? oif trlllg ip?%&n%rinvention, there is provided a

method for detecting an analyte of interest in a medium, said method comprising:

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; 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 ements each containing indicator nolecul es having an opti cal
characteristic responsive to the presence of an anal yt e7@wethheo30d05 oned to
receive excitation radiation froma radiation source and to transmt
~resultant radiation to a pair of photosensitive elenents, and wherein said
first indicator elenment is covered by a cover having at |east one bore

t heret hrough and said second indicator elenent is covered by an

al yte-i, ble, . h tically- | h t hat d t h d
T Lat or"DERREAEENds AR P Reemitn s Spieananop hal ik KPR st e modi um

~ external deBortdnadidayt €lemehfdl r oduci ng a nediumto contact said first

i ndi cator el enent through the bore in said cover; activating said
radi ati on sour ceSame ehihe advaditapes ohthe presantdnyeantion ouerdhe piorwt incluide at or
el ement s,

ical Ly det ecting. i cal f said fi d
Second | ARl PP, R AELARR IR BRH T R RRRRRR BTtttk e T he

presence mimERnadi bid preterdfondif cbR@mina8Be inchRRhy Ehdehsatibh.er est in the
sanpl e, wherein said response detected fromsaid second 27 Cctober 2005

i ndi cator el ementhq aboye akd atherphiedie featees el adyaetezes il betfuakert hat  af f ect
Cre 22 SpblebAtedtided SPRRRNGIL GBI ADHEL BT s W the ligngelvant ages of

the present I'nvention ove I'ncreased @accuracy,
enhanced dmegingsni cal protection of the indicator el enents, ease of
manuf act uri ng, and prev nl%igon of contam nation_including condensation. The

above and ot her obj ect SREERWESCRIBHONQY IHBHEAKINGSpe furt her

appreci ated bas : QW LDt i i t.q i t:h the

attached draw %??@@F@E%ém %W%%@P&l@i# esdéggeg#etgt her

obj ect s dlesdription n¥thetinemtion khd te falipeing figufaspwhichardgtai byeday déscri pti on of

the invention and the foll ow figures, which are given by way of exanple

and not Ie’i’(?ﬁ’&ﬁtaf’ H?ﬁgﬂﬁf‘?%’ﬂé}gﬁ’f&%ﬁﬁ 1is agraph illustrating the .

St er n- Vol ner 1 el@ti pw?@ppﬁmﬁﬁﬁhgwQ@e@n-\ro@;ﬁe&%ia&ﬁh&@%@tageﬁ bPeni NLENSI Ly
X

emtted by a fluorescent oxygen indicator nolecule. I's a graph
i 11 ust r achprgniraiéonedriddight bitensepnemitéadinca BworesventSreygen irdicator maleduitt i onshi p.

S NERICE T L o AR N I
relationship.

FIG. 3 is a graph illustrating the combined effects of temperature and
photodegradation on the Stern-Volmer relationship over time.

FIG. 4 is a sectional 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;

_9a....




FIG 4 is a sectional side view of a related clectro-optical sensing device
havi ng an optical reference channel coated to prevent dbf{iadhep2@fs an
analyte therethrough; FIG 5 is a graph denonstrating the effects of

t enper at ungoasebgosahot odegradati on over tinme for the sigpahyaRdsfgf erence
channel s of the electro-optical sensing device shown in Fi 4, FIG 6 is
a perspective view, partly cutaway, show ng an enbodi nent- of an

el ectro-optical sensing device according to the present invention; 27

Oct ober 2005 WO 02/ 090951 PCTI US02/ 13734 [0039] FIG. 7 is a sectional side
vi ew, 083n tHiGolie seetinaalpide vigw, ke thequgh hioed 17gn FlE.t6) ehrovdeg farther detafls t he

el ectr | cal ' L ce; ;and [0040] FIG 8 is a graph denonstrating
t he ef et%?%léco 0?@%%2%%?’8%%% %hot odegradati on over tine for the signal
and .r ef0@40¢ nc FIGhhismeiraphaferbheragheibt effecenifitanperaas ahdphoiridinadatdiewer i n FI GS.
6 and.7. TAl LED CRI PTI ON OF .THE, PREFERRED EMBCD| MENT [ 0041] An

el ect %9%%{ g*gngeaﬁggﬁare elf@@‘:'gﬁg’@‘étf‘ﬁf’ﬁ’ﬂggtsﬁnﬁ% yice shown IPH:\]}@%{‘? on is

i1l ustadtrzed in FIGS. 6 and 7. Sensing device 100 generally includes a
signal channel with an indicator elenment 102A and a photosensitive el enent
" 104A, a reference channel with an indicator elenent 102B and a

-phot osensi tive gE§ARNED %Rf?ﬂ@ PR %ﬁrﬁa?f/i di ng
excitation radiation fortﬁ%ot th]e\laogﬁgjﬁ?l and re grence channel s. The
i ndi cdfotl] el emesiectroiopidal sending G2EceSactondibgitbethapresentlineattion is illagtateddn

menbr contal i ng i nRdi.c r nol.ecul havi one qor, more optical
" char a?tigrrsi és)"tmld?s r%eﬁg?g H%‘?cé’al?ﬁ gaefally ub‘i‘l“eat%ﬁ%mﬁ%%gbmﬁglégg}ﬂ%n Fat‘g'ﬁlw yte. The
i ndi cait0oA ane rphatoendifd el therit €45 b gefatencehadiRBvith &n RURABEslether A0BXkEL | Or Of
the deyice and is th responsjve to the |ocal presence of an analyte in

the e ?F@Flﬁéﬁﬂff‘fﬂw@ﬁ% 9 agtigtionsourercl 06 ding excitatinnadiationforbaih thehe

r ef er anmel and hFBRBde dnndeRY GhE thaftadr El&n{:ﬂi#"foﬁo&ndﬁ@ﬁﬂ %a&gil{&u&e%n%tﬁcdt&ca'

presence of an anal yte i n t.he external — environnent. nce the nenbranes
are silaier ermembrang coptaining wndispgermelecudesthaving ong ormre optigplitherattenistics fiat  si gnal

~and r | -0 anges conmoh..t,0 t h_channel s,
"~ “such Z“?cﬁang'@gﬂ%ﬂg&%g%%‘tk %’ %f(r:la%i n |'ng$%{ﬁ?18&?ﬁlgmgéﬁ i 3%0&31?%3 d/ or
- envi.r chmmel is chyeebs aexkierioalf thealetibearidsntiun gsplawive & the lRa\brégndedifyn t hose
e he anal yte. The

changes ,in.the sjignal channel out.put_dye. to presenc f
 For egdtHgR A B8 eet e igtiagor M le, e dirlornantrate Kb ehesTgewr | n ¢ ho
- dual . chameek c@lefsang iRbd K8 kesponsive 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

- 10 -




sensi'ng devi ces described in the aforementioned U. S. Patent No. 6,330, 464.
In accordance with the present invention, however, thesserghegr@gvi ce 100
is configured to define a hernetically sealed chanber 108, preferably

hol di ng aRy@paeydsg- containing fluid 110 in direct cont aﬁET/%Jzﬂsﬁtfe

i ndi cator nenbrane 103B of the reference channel. If the urd 110 in the
chanber 108 contains the sane .type of analyte contained in the external
envi ronnment, such an arrangenent ensures that the response over tine of
the reference channel to changes in the radiation source, the tenperature
of t Hefeprewshanmel oty qhanges it the eangentiationofihe atatyitein thef extenel pevilonanet sar e
essenty, 4l SPEE: L J.ar I onse, af the sigpal .channel
t her et%é el,&?ﬁ(%n}q%ns ane o?slsontg# ﬂ}aﬁe wer e clg%&agi g%ﬁfhls%ocﬁlécte £8 Opi Y usingFhe 1340 B 1 ey
2005 B 9giad asbEkreacT fhdBod bip#s 4s detriedmbevechannel from changes in the

conce o) f .4h alyte i he external environne so . that
envi rg%&rr%i!t aIIi.J1 5(%]@ SﬁgégFﬂé?‘ﬁ?llﬁghthﬁﬂﬁ'@?%‘{ @g’ﬁ%’éﬁgﬁaﬁ{‘?q%?ﬂé%ﬁ?nﬁég ge¥iCel ed out
by . usiig atetificorpdrited ifa chipEkepagitiat with teatie | &Y R058ing RRAIRIN B hidWdmeas
~ described above. 10042] In the illustrated enbodinent, the signal and
. ref er SRBEH SREHMEIS oM/ prdrosils Afticed ke dlustratebpackeseinalulepe Aeiescsubsivate
- chip- litken ma%iﬁﬁ&_a%&&ghﬁﬁﬂ%téd]&wﬁ%B@di‘&*,'t@gﬁ]&h‘%{f?{aﬁﬂﬁzf 3%39&%!{@%' ng power,
e. ge includes

signals, etc., to and/or fromthe devic e IlTustrat pac
‘a deviogpositaBdges af Ge substrate,and laovising 16fmamted ob egubsimaterhetweer theabweof t  boar d,

two r | b d al.ong . ,0pposi edges of the substrate, and
a hougéfaﬁ%'o%llaéﬁ %ﬁﬁ%ﬁb@ﬁﬁ%ﬁzﬁeﬁu %W%Fegltlg ‘%@’P&%&eﬁ@ﬁgm}’ﬁwﬁ’&w ﬁ?ﬁ’a’ " In a

- pr ef ecomporeniseai beeltatritdlie contlositd withe sibdirdts frexanple efin@fondhstly BraileReami c.
Di scret conmponent s. can be el eciri cal onnected to the substrate, for
exanp FUSCTZAG OE b Savst dretor erme AR ROND B4 i abssiel Esepauch as,
for engdilags. ABLEBOND 84 from Abl estick Electronic Materials. [0043] _

Housing 116 includes a generally rectangular top wall 118 and two si de
“wal | s 40480k aHeuSngblé@@p@qﬁ@igﬁ@r@b\m@wwpm&mpmmﬁi@d@b 136A ek t op

wal | . 1E | I are, confi gured.to nount

on a tlg%ﬁg r?ggggo? sﬁ%@ﬁ"% gﬂ?@? eg%es;og egagn]g?ﬂﬁtzlg&tﬁ T} 8% %Iﬁhgﬂgﬁwauiw in

ver t i d30A mndPdBede c@ifighied to mourtt be a sapoatfacetef subktiate ND4IS) B0 hkBitgaihehs f or ned

of an erial suitable f.or e iLn the environment of interest but is

v et oVl TE8 il 0B SlalH iG] T AR greon B iR al ¢ o

-~ | npr owatetiakdutialtly fd? yisernithd divitbigent BEintett Makd Fgrﬁ&@bl?‘f&%eﬂ%i’@réldﬁv\é&&%i@ ally
bet ween the housing 116 and

~ spaced, paral ltail [t)l anes. The entire region S )
‘the s Blgete s eestal meerightorinprost cyaB. by rBteEam by popllnd ulatroie veyeslicrdy
.. mat er kbed pailldplanto thﬁ%ﬂﬁﬂ&'r@gionﬁ@Bé%e&?ﬂi@ﬂ&lsﬂ@ 188 and the substrate 114 can be . -

.~ empty but preferably contains a waveguide material such as, for example, Epoxy Technologies

. 301™ which has good optical 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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301" 'whi ch has good optical characteristics, although other suitable
materials can be used. The conplete optical path (i.e.p7bricNeermdshe
radi ati on source, the. indicator nenbranes, and the photosensitive

el ement s) e opiwégrably refractive index matched so thapepRsdayssy! i ght
capture with mnimal internal reflection | osses occur. f00441 First and

second openi ngs 122A and 122B are forned through the top wall 118 of the
housi ng 116 at spaced |ocations to communi cate with the indicator nenbranes
103A and 103B. The openi ngs 122A and 122B are preferably arranged

symet ¥328:Ar¢ shogm as jdentiesheiygaiar halesthatcire semewhifemallerdhadhoindivetrbelemess 103A and

103B & ] y b N LI I | | at ed enbodi nent,
For - exan £oBeh hulle i ofefikloh yES cpulids o da vliRg b Gl

| ongi tditfenaefl typesiof eleménts.hehousi ng 116 equi di stant from opposite edges of .the
top 18.. T.he openin 22A - 11 7.0ctoher 20 02/ 090951

PCTI Yﬁbé‘?s}b 7 éﬁiﬁﬁfqﬁ%‘t‘%ﬁ%&?“%%gﬁ f’%se%fﬁg W%&‘F@Wﬁ&g ggﬁ %%&Fmék"e “somewhat
snal | espehingd 24AcanidrddB &roed &l @smgtv@u 110 2redR ATHOZBCat YUY 100 AGng Nape

and/ or_ si ng of . the o%eni ngs can be varied to accommbdate different types

of el effeRsBOVR brhis embpment igriuds restngnlsr shsiretes5A onb 1 8iFe respesiveladthati t hi n
the hossidibwhiflaidi AGERE ohdifngs IPEA Mﬁzﬁ%%ﬁﬁ%ﬁJﬁéﬂ%ﬁﬂ%@uﬁsﬂ%ﬁ%°p wal |
I shown in

118 thereof. The 1ndicator elenents 102A an hi's "enbodi ment
i ncl ucken pe effixadytel arinterivysurzoe of thedBwsingnld 6 BeBB] the@ppringsity &irm, a Hehntic seale

sonmewh t . ni 22 d,122 Q_t.hat ri pheral portions
ot neunpioRE] atoVe udi i LR 5 AR ST Bl RSB BBt Si g 116
- ar oundnt lbemoyeauption] Sharactéristies thather affetied by thallocal Reseh@nifiap avdviabbe, | ndi cat or
el emantg_ %%ZA and 102B al so incl.ude |ndicator np|ecules having one or nore
- opt | AP Tlees 2y RreforRlypert 654 BEpbERe & Yer A pebLiB R fBe Rty

- anal ytRrtioh¥® a réspétitiva bhisteat® | 544351 035 €n ﬂfg%ﬁﬁﬁﬁﬁh&’oﬂ%?ﬁés 050 ASar8 IS afpfz. OF

| ayer 103A and 103B forned on a central ~portion of a respective substrate

- 105A dnnbraspsubsiraies il @Hhant 103Bare prp@rblyfornicd of thevamg paRrialpnd withdhdsamee
subst WE 4 Shsiahhie ] rial and

W th ttﬁgﬁgeggn%%%thl C é}lgégr ég%n?%n}%t t te [ ndfhgélﬁ'%ﬁroﬁerg%%?@ﬁg%ﬁﬁ simlar

t her membodipjset, thegsembrancanbstraterpiedormed efriroaliticaliyt tranteentmaterialbecisagbst r at es

are faqr . 0f an optically transparent material such as, .borosiljcate gl ass
and t REieRe e R Rentane PHOPG R oI lmes Binpoy M predcebely
- -sal - gk srmals, GitoBhidhsthe inticgtorvhblebulé Remnopilieat @ enfappect UTiRsd MatbidIPhid | zed or
entrapped, These Ergtgqer i al's and techniques are well known (See, e.g.:
M Don&gHmigpes gre well e §-86 Mabinagheqt ak "{latloring ot 8pl Gelilms for Optical ~ -
Sensing of Oxygen in Gas and Aqueous Phase", Analytical Chemistry, Vol. 70, No. 1, Jan. 1, 1998,
pp. 45-50; Lev, O. "Organically Modified Sol-Gel Sensors", Analytical Chemistry, Vol. 67, No. 1,
Jan. 1, 1995; MacCraith et al., "Development of a 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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Sensing of Oxygen in Gas and Aqueous Phase", Analytical Chem stry, Vol. 70,
No. 1, Jan. 1, 1998, pp. 45-50; Lev. 0. "Organically Mdidctsde: s Cel
Sensors", Analytical Chemstry, Vol. 67, No. 1, Jan. 1, 1995; MacCraith et
al ., "Develygpibybs;of a LED-based Fibre Optic Oxygen Sens &Wﬂggd‘a

Sol -. Gel -Derived Coating"”, SPIE, Vol. 2293, pp. 110-120 ? ;" Shahriari et
al., "Onosil Thin Filnms for Chem cal Sensing Platfornms", SPIE, Vol 3105,
pp. 50-51 ('97); Krihak et al., "Fiber Optic Oxygen Sensors Based on the
Sol - Ge] Coating Techni que", SPI E, Vol. 2836, pp. 105-115 ('96), the entire
di scl o¥0#@s oA Prefiresd inheatas slectilsSorspusing axyigdnds wistd, btiphefybi dice) . These

Subet SRRl TLAn R 105 R ol ftt AR PREL AL Bl L RS 1 Dr B S

gs di pReteng Nosmm g ltis qmﬁagﬂa:edl@lat thé mkmbonaaah @ludp adan{?t;a @ﬁdﬂﬁ? vapor
eposi 11.0n Ive enpodl nen one oOr
Dot oPhiefas kXSt b 5Pk lorfkogSied 1.6 oS Nshoteorspreietibeet by

subst rafeesncé.or exanpl e by nounting an indicator nenbrane directly on a
covervlﬁﬁma g@gsul ant, or sone other part of the device. - 1.2 27 Cctober
2005 Vi S&dlfrﬂewwse%%?mwme substrate &4 atan ppetbrristcdocation b ul e f or

. SeNsi NG cRXHE $llidafor hidRdctied oblideh f‘t‘ﬁl& i relgtilsrﬁ?mi'& 81{161%?% "I‘H% wm (1)

perchlorate nol ecul e, di scusse on co I nes Pat ent
No. 5, ®mmanality bpweﬁsﬂmshmmlp,l the radiatidratoutch 4 Ofrispefambls laated bquidhsldﬂ fronvari ety

of -ot Qr n,the Qr e ntioned U ent No.

6, 330, ?ftﬂa%gichtgf ‘glfn%gmier &l aﬁldl}ﬁm r SFEFER &’f?“f%céniba&?eﬁw‘f%ur ce
106 i salughmam&ting)diodd'@Em) ixsyiresfortren. muaﬁelaigﬂamn@miaa&xﬁedu&s@w @B sbifdce i§XCi t e
~the in glf’%f%?e‘% on each of t he i ndi cat or elements 102A and 102B. To

mai nt aeﬂ idigaton molesuie pmplqreds For meampley inthe ease obihe suthenian i

.o pref erxﬁabaﬂdx@megh@waﬂ § raftkred t s 102A
and 102B. An%sgsw t abl e rald?at | onﬂfsag%fr: %gﬁ?gﬂgoﬁaﬁéﬂégﬂ%%mtg%%lrﬁé Sﬁﬁﬁg

i ght -Yatrithendsyfon pwaeple pieioPnm s Vighile thermdiation Fhiarcebids elmymtvemi‘allbfﬂ@:ateddl ation
em ttadphy e, hafawngﬁveélem ROFOACH 18RS Bnd B8 ilathRty ey AL B4 fiBRECU! ©

enpl oyed. For “exanpl e [ he case o e ruthenrum t enced
-above,thd ltadla’sormoefce myag e oHmtwisdiecatallasibhoms sdequateexeimtion ispphtidddro the bl ue. or

ultra-.v ands le at 460nm Wiile the radi ati on source 106
L L st BB el mEBER

fween the photosensitive el enents 104A and

104B 40aH8] he Photdscpeitios clohef® 1043 shd M AE rddhdRBd on iRQleV R hbbiR01 SO Ce ey be
ot herwi se |l ocated, as long as adequate excitation is provided to the

g g nal°PRsite Fidesof heradiation source 1065 2sneral alignment with indicator elements 102A and
: - 102B, respectively. Silicon photo-diodes, such as for example part no. 150-20-002 from Advanced

Photonics, Inc., are preferably provided as the photosensitive elements, and are preferably flip chip
* - mounted using ball bonds and conductive 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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~signal

[[00481 Photosensitive el ements 104A and 104B are nounted on the device
substrate 114 on opposite sides of the radiation source7 tRfpberm@sner al
alignnment with indicator elenments 102A and 102B, respectively. Silicon
phot o- di 0dgg 26964 as for exanple part no. 150-20-002 f pem,épygnged
Photonics, Inc., are preferably provided as the photosensitive el enents,
and are preferably flip chip nounted using ball bonds and conductive
epoxy. Optical filters 124A and 124B are preferably provided for each of
t he photosensitive elenents. In an exenplary enbodi nent, each opti cal
filter [D08] f oArpererd2fB és moumtaglovertberefdrérice chanpehopenisg  t32Beis shatedRatibn kd er

resin | 1 r rporatio | t X | e, 600nNm

e of £ TSI ER I A G o B e ARBRL Al Bl e B el Ba e s |
-anot hechm]drﬁmlrxmhﬁf@mbl' tl:]i:aﬁrmﬁel niragiag bf the b amké iﬂ‘flﬁb éﬁém&l&n‘fnl 'ada.mf ieﬁﬁxﬁ:ﬁﬂ: e‘nrslfﬁ-mg o

_conmer gi vai e filter,. sheet spqck. The optical filters preferably
copar st e fesf e lasmmo AR TR oo S PEBIE s SHPAGe

© exci t ateQensipalegite g&g.;tbjggegracdi hd W1 B QHAEs inldpedflonsAhtiBEOR thy &nSAP ALGENT |
~each OE?;HICal filter, can,_ be forned using a bandpass filter that rejects

‘wavel efff-rRbotdearadnbion and Muriationsiin &g PP AfeIreRh 8 thedHustrated embodiment, the

.conmer g Ll t ha.devi ce.to
 Opor at Ll o) BUanobh AudEk PRI ERE 926 Bhefih RINe AR B sBEls
~ 02/ 0908%’B sd R ciysolay fl8ize 43 (Redaing rabiallyrout68 fiom amppéred topwead of the phugf er ence
channel | 2 | NS relati.on to .the, jndi.cajor elenment 102B to
ot 1 nene BEF el th Fe7 bR TR Rudly iR e Berihn 24 G aRlsSis mm ot o
- channethe ilicmesshdtigapuking Wak 1 Tek that Dgapdfmaintaided bafabiyh Botidh 6£18e Sikger nal
envi ron tiﬁ&ni | e ensuri that. the_ reference channel responds |1ke the

mﬁﬁ“n © ehtfi 445

; alopmgifene. reiiaoee it aendipgaadiglly quvard fremdbetope§ devi ce
(€. 9., thb PHRERES WEBNes 330w lahndE c618A 98 Sick ﬁ%@gﬁ&@&n@maﬂ b Aufer S@edcbe

sensi ng_ device (e.g., photodegradation a uctuations’in the power
- sour ceYf the bausiagill 6 oemplaielyduamd dhicirewnfereanbeof thednening d 32B baithatzin heowetic 1268

i nclud | ' : ' > fiH W Ehin the opening 122B
b o @n SY BN WS bEH I ARRGAR LAMKEL bl Fatth R BBl 0 "0, 100
- end of envirenpéni gnto thaschlyeldr. Thewfdarencé-tignne coveh 268 ey bk F@ihetl iof snyssaitghly i n t he
openi ng 12 d t.ends rt wa hrough - the thjckpness of the housing
“wal I"l%@tegé'gﬁ?ﬁﬁﬁg%ﬁﬁg%@ggoﬁﬁ erege %Wteélm@@?@w?pl ug and

- Lhe i netinfiaxtiofty BERMRN @6 Suid T the Chdrkbet Hill ddpeRGRe kADEraANs SRAHERGIB PhtY out ward
from tetglﬁgto of the plug 128B defines a | ower annul ar contact surface

' adapt 5+ Eo Rrigel amrensret beanglsode advantagequss fesrthe matorie de havg highe conpl et el y
2. ar ounCrehBGivRy." BRI RESITSEitble Mdi&iaBRE e Sovtiinbia® vht'ab n@trihﬂ]faeﬁ'?&trﬁe?als such -

- - as brass, aluminum, and steel. 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 -
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seal 'can be formed that will prevent mgration of analyte-containing fluids
~fromthe external environment into the chamber. The rejppeRss Rjognnel

cover 126B can be forned of any suitable material but is preferably forned
of an analwhgsbdamgr meabl e material having good thernal B%%Mﬁ&h%lty SO

t hat the f|UId In the chanber will experience tenperature anges simlar
to the fluid in the external environnment. It can al so be advantageous for

- the material to have high reflectivity. Exanples of suitable materials for
t he cover include, but are not limted to, netals such as brass, alum num

and st &the referepae chmsl eover 134 Idsseaibied 4bave butsulnadtﬁe@oammlsémct éamtaet at i ng

mat er i C S When the er nal

envi ro%ﬁeﬁvﬁ%ﬁ?ﬁ%c A@ %&?%%geﬁe%ggﬁ% ?ng%ﬂ]g%ﬁlﬁ% %ﬁ%ﬁ%ﬁl TR jr& | engt h

of int dhmsat;ed embmed:tahd evier HolAds fanrlertadhporcm@rrfoﬁﬁn@ebtﬁxeﬂmduo@h

~transp te SO ..t ch und radiation n be eI ed. The
cover % Egab 5§a‘?f’fe§%%¥5‘u%i}ﬂ“aﬁl§h€‘g%gw f’f%"ﬂ'g yﬁ?‘%&lﬁ? E‘hpabl e

of pr odbtmt 50 tepeiihg SreH@@mimidulic feBectdcOiaY Bkl ﬁeﬁuﬂﬁa offieRereficaadhesi ve

suitable faor the art i cul ar housi na and cover materials. [0050] It will be

appr ec FaAoRe oK 2bhe Whils ssimele bere 13Rds shawp.otiwilhbampareciziod thebawentmbher efef er ence
i.ndi catiphngl 6MbMs nl%z@ iﬁﬁﬁbdrlﬁ ﬁiélsfgnblrbhﬁlgl% &%ﬂ r}ﬁjce ﬂ%lﬁ g)}g W&ﬁg%@ fHogyie to

the enhanced thermal” insulation provi ap and the

- addi t | gieaves/maythe f\@@iﬂd@exoéﬁhbmc@m%smﬁa%m coimnunmmmmﬂaﬂmesf aropthiegse
effect naI n channel
‘cover %&%ﬁgﬁﬁ@%d&%@g\r& ﬁﬁ‘g %gllgﬁln %Qr?ar%w enihg °r f ﬁq%g c?ﬂ@)‘anal
- channeiged ¢hanndl264 thesexietehenvirahmdnt. 27 COct ober 2005 WO 02/ 090951

- PCTI US / 3734.t0 the referen ch 126B descr.i bed above but is

7 nodi fi é‘ﬁ#ﬁth&P?S&aﬁxﬁﬁf@@%sgﬁiﬂ@@?ﬁ/ inypevagiety hyaysthythese skifled at or
el enenﬂlelaﬂ%ﬁseﬂ%ﬂ thik Hislogue BH@eﬁﬁﬁ)%Eth@d‘Uf Iﬁﬂﬂﬁ@t’ﬂé devidt shbien t)dﬂ‘lbﬂ‘x%%ﬁé ed

embodi nent, the cover 126A is rendered porous formng a bore 132 through

the cbes foliaves. dbe eiramsubsiraisrldf exnl cylstnnma@mwr@rbut isgreferhbly of 2 typef t he
openi n m c the
rgf I ec%ance a"% tﬁ‘mr"r?g?%"%ﬂ?‘ma?%g%P g@'ﬁ%&);"ox ?rghcgﬁlo%%é%%g%%ve? 126B.
- Wi | e vendpmsg I(b'cmurmclncﬁﬁg ccsnlmhmsuchhs mh@liﬁetsaﬁhqsrpm&hhéloaﬂs tantls farmyedrounber of
.ch be f d th I t t ly,
ot g 1T Y cBen R Dt k8 o Bt BE P PHS Giseoto ot act

E s ur f acmbmtaqmmamplatumg ctvhinbinty bvHikble @5ldpasE BOGNARENEBsbxy Budhh@ Pl Ug to
provi d&?ﬁéﬁ g\]D gm’runl cati.on_between the indicator el enent 102A of the
si gnal o FopdlestiskBlgcironicNinterialse Fhe circuit components can then be wire

bonded, if necessary, to complete the circuit connections. Silicon photo-diodes, such as, for

- example, part no. 150-20-002 from Advanced Photonics, Inc., can be used as the photosensitive
‘elements 104A. and 104B, and are preferably flip.chip mounted onto the substrate using ball bonds
- - -and conductive 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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[0051] While the sensing device 100 can be fabricated in a variety of ways
by those skilled in the art based on this disclosure, gnecesemioadry nethod
of making the device shown in FIGS. 6 and 7 is as follows. The circuit

substr at e.yld grfogsy be custom manufactured but is preferapbyuehngshYPe
(e.g., alumna ceramic or fiberglass) that can be obtai neorUcorrrrerm ally

froma |l arge nunber of wvendors. G rcuits including conponents such as
anplifiers, filters and inductors can be fornmed on the substrate 114 in.
any conventional manner, such as by bonding the conponents directly onto
the suisicatonelementsd 02 mﬂdloéBag ﬂmglt&mnsmfabg/ofa‘heahdualhg ¢1Goich dmt tha Sddicamt

conduc 0 | esti.ck ctronji.c Material s.
The ci %dé’ﬁeﬁl@?‘g‘ﬁ%’%gﬁ“ éﬂe c anﬁﬁhte%rggf)ﬂg 8@%&8“‘“5@%@5%’&?@’” Yo conpl ete

the ci npamﬁgsdmmm 122Bsin tHsi Hobsinmardl tohding the d6Fers ISMN‘anaSl%B & an iedigPl €, part
no. 150‘ﬂ—§3 féi‘lrom Adv ced Phot n%ﬁ% I.nc,, an be us as the

“phot os# %‘fsg"ﬁé)ﬁ’F & PRERINGH P retsiRBly, tigglen P b‘ﬁ‘f@gé‘F igq segfingdhg p
mount eﬂsfﬁ&io@ chiee Iﬁmﬁfﬁeﬁ“é&eﬁ% ﬂgerhﬁbﬁm&ﬁﬁﬂﬁn O5hrER faﬂlé{@fo‘?ﬁﬁxy Filters
124A and 124B can_be forned using opti cal ter rrat erial C for

* exanpl SVippmstdn phichmoguremenisargiorhsdakan. Mematw@lymhe clnabier qancheilled viiih as heet

 The. phiot B i o R P 1 B R e B o et
di r ect partidpreshe pfibe wé;rtsmtthwdlaeibelrﬁnd is. within the ringoofxatpediapartial pressufeadi at i on

. source m:Lnte on th btrae 4btweenthe
~phot oseﬁntgig?na@t&netfw Hents LO4A % 1iﬁ§}ﬁ%{° ‘gﬁ%“ﬁth AP ir e
i ndi cafilted lefeﬁiliemtﬂmm'b&%naéldseﬁ@ﬂ&hv[e@Q&&e}teoThﬁsdlmloﬁﬂéeﬁr ovél @@ﬁaEail%éQ@A and

102B and ?c]ré) ers 126A 13 n be attached to housing 116 in any
sui t abPEIRHRTETesIh e gy “ﬁ]‘llé%?“& B WRiEIdPosi ng adhesi ves suitable for the
..respecfoosy MetRiHodkifs 1 A5 dh 8E B4 ﬁshmﬁ f AI%%
P :lqnc | udes bogndl ng the -c J%Q%Sct{af)eblel?m %5%%?%%

assenb
PCT/ use;\zfea_@bebpnd@mﬁh@ratoonsme 2 n@msre 182 pptiatly m@mem epmapiuing i 3ocander f ace of

| the h ontalned b
| menbrgfrl]i Sf%?%éﬁlgé?%ﬁﬁ@%g@%ﬁ%ﬂ%%ﬁ%bndt 688 %’ﬁ f’ﬁé T &Y f’éﬁ‘%fgg% eni ngs
o 122A oand, tbgﬁﬁerivviﬂtthecdwmﬂaﬁg aanhdﬂﬂmpﬂ!vm ehﬁﬁ)nﬂﬁmen&oﬁa:ﬁ)ﬁ faitle l&l%iir%1 afan
~exteri sur f ousin er th eni ng Preferably, the step
of bontg‘f’H 13? I’\s‘e’?0 %“leo SESPIYR b’ ﬁﬂ‘g’\ie%ff"'ggleﬁg CEEN‘%“ t hesanplso BEpf or med i n
an - enwnmmm&udmaﬂgxﬁ&n%mﬁ&u lcSBp@RA% Qhi a8 1R thedbridd® andPBY pAROMRSve N Whi ch
| m_aasurei\ments are to be taken. Alternatively, the chanber can be 171 ed with
a flUieMe%at is different fromthe external nedium (so long as, in the
. case QqpoH9a fﬁp&é\eﬁ 7 9 %oflgﬁhegg[‘:t%d gézclcglr E‘%&%ﬁw‘t&l 61&0%%1 H@ 6nd he

'_chanber f|UId I'S e range o pressure
: ~is as follows. The sensmg device 100 is positioned in an environment or medium of interest to

.- measure the concentration of an analyte-in the medium. In an exemplary embodiment, the

- 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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of the analyte in the external nediun). For exanple, it has been found that
a device with an air- filled reference chanber can be ugsetcphbteriosvely to
detect di ssol ved oxygen over a wide range of partial pressures in a liquid
medi um su er or blood. [0053] The housing 116 c ched to

t he subst?ﬁ?gﬁ%ﬁgﬁin any conventional manner but is prg?T g%ﬁ§k%onded
thereto using an adhesive. An optically transparent encapsul ant 134 can be
injected into the space R between the housing. 116 and the substrate 114 to
serve as, a mavegU|de and, together with the covers. 126A and 126B, provide

envi r gAY therdiaten andninftem, Tepigtedightcharls injo the sensing devien(ss alep Shoomi s f or med
of a rehatiyel MTJVJSFXT@ 1Rl tea% the I{tﬁca%mmt@moﬁﬁam?ﬁa ROaGLP
S such as the ne

mai nt aj n spat ial a I ca onen ranes and
t he pHbe.oaeneited menh@b@lbrbmﬂs IOC[aDﬁlﬁstpce%f anxm’qrtb aFor eapmaplatit i knofn thatthe

Thes s et R SRl SERRL RS it il BN 1S piepn ol rpeniimD o O

inter q&fohlo@ant% ixgpsm:hed 'tb)hhe toalqeesticatof 0y ged. A@m@ﬁtﬁnﬁd §oove, thdRalgB dhdsiBer | N AN
exerrp od] nent. I’]VII‘OI’IITEI’I'[ IS alr wthin aresplratory circuit
and t b Wélﬂﬁ&%&ﬁ‘y%% fud L0 witha sitablespncentzation efamalyte ingginaedcontact -

supplwlaptht fefdrbifte hiREibAIk Q0 AUEESH tﬂ@s@%ﬁapc}ﬁ&&&?s dxP6sed BIHE BxtligareM t radiation -

in the sensing device. :In the illustrated enbodi nent, power is drawn from

an exteayimmesbormpasivg. aThusempdudation of the lightradipted from Tm@bmanbtape hdever ,
that ROYEE be Ak iR Bl RrhIRd il O M bl Mo e SO G cnuiro Sl a5 8

battery or Troman exter source via on circul din the
sensi metteymodulation of ﬂx:d@tbmdlated fiohethafeforae membraad 103 Bshotidite ue Blgtirely

6, 330, 46 cor a ed herein ere 0055] The radi atiqQn emitted
by thd® ?'%85 f&@?& ﬁ&g]t?ﬁ LK e’dth8§a°d%‘§h ‘fﬁ‘l‘%‘gapﬂ’és &PSRON@I e S a5 shown
_gener ahd qovérs 1264 81268 ridated byerdach sRBCHRAINBPINAL DG 19018 Bothe ABIEHANE 103A

and the %‘ée erence nmenbrane 103B. | ndicator nol ecul es contai ned by these

respedtq - sipdlar igsucturgghesp pthey faghges sh mmln#@bﬁhﬁhmiﬁ 11502113734
~exci t qgsgy tﬂ%h&ﬁ@'b@ﬁﬂda&tcﬁa'a t'uE‘ lééé&of%?s@?tﬁtaﬁﬂgﬂ L ﬁt‘zﬂ; dtsﬁgfagtl sensi ng

device (as also shown generally by arr t he
i ndi caetsallynoedsngniths patigipressere 608 an@éytmdhhjb&aﬂd of| (Whlcél is watebemdmtsmdd.or

| - 87 han?ﬁ&u@ thé &?‘Sllﬂg g%ﬁ hé: %%ﬂﬂgafl B?egﬁuﬁn eef Foéon%er?emo céncentrati%n,lgpom |

t hat range-r UoFesg

St s(clésu'éd,dlshigemwvnﬂepﬂxﬁqmenant hroline) rutheniun(ll) perchlorate is
As_mentioned above, the seal ed

guenc h ocaI presen e of —oxy
chanb ‘f‘g"ﬁ tgﬂf ‘%‘éftt?rééﬂ 1924 and 1028 prompsaies fore dhasmsios
conceqbyigd tb%oﬂéspaﬁtah@'ﬁlﬁmdsensﬂiv% RlehefOIYURGr 104B via a filter 124A or 124B. Filters ..

© 124A and 124B are configured to allow the light emitted by the indicator molecules to reach the
photosensitive elements 104A and 104B while filtering out scaitered light from the radiation source -

-+ (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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with ‘the reference nmenbrane 103B whereas the signal channel is exposed to
the external environnment or nedium Thus, nodul ati on ob7(hkebkt s radi at ed
fromthe signal menbrane 103A should be due in part to changes in the
amount of @PhydegsiPr esent in the external environment whe %ﬁg@dul ation
of the light radiated fromthe reference nenbrane 103B shou e due
entirely to other factors such as tenperature, photo-oxidation, and
fluctuations in the power source. Since .the covers 126A and 126B nounted
over each of the openings 122A and 122B in the housing 116 are

‘subst alffPHl | FIG: Gishays achakiest dete of dgnal indseformbrchanuet pwpats Siteutmsing devicar | y

af f ect SHAR . 11 I od-4 hat, in the case of
gaseoulsdbgiﬁgﬂlyt e, Qﬁﬁg 6a%{(()i\(/))(elg géﬁgﬁ%%lglg%vﬁﬂ%@&rg@? %gﬁtfl%f‘ngg%%?tg?sw“ﬁtgﬁt i al

- pr ess unslenthe sdnee @nditiptsdesdribed bigive iti aannatiomivith khei ssnsiigitizlvive B0 aeshativadd.

Al tho hg sensin evi ce neasures partjal pressyre his is readjly
conver edat g‘scon%eesﬁ%?’gfe’lr %’;’enfefanﬁalég%rc ,etgﬁﬂﬁgm%ﬂ?a#f"éé ed@§§‘?SPT‘E’GS71

Li ght lieananeacivenfimé foeonividclingsatad indy 6! chankde 4 @Adhd 2B PHE BAPEL eSwiithr ough
t he sensi ng}‘ea%l%i_ce to a correspondi ng phaotosensitive el enent” 104A or 104B

via a FIPs Jinebsens glgnges;in pralyde conpentraipmyintheigxtemal medivm. gtheaetia @mal | ow

the | i@k beaifed foGhlolde MR Hlop&tiotal BRY 85 MaR% gach the photosensitive
el enents 104A aﬁﬁo 1064B V\ktlﬁlul gfoPl_ teri ngﬁgut s%%h??%er' ed light fromthe

‘r adi at 08391 s o Jtis eont¢mplated dapln dénsigg dpdee Wi0ribusireted icBIES. Aami Bedn Hei ght  t hat

may. i fere wthot ignal). . Photosensitive elenments. 104A and, 104B

" gener gil g&{gﬁa@tama%a ogﬁ?%ugg)r ?’%?mlpg’s iR ortsh@eloﬁaﬁtpa?q@%g\‘? 311“?‘8%?4 he
-i.ndi capeuit edrioneaiplicdBAA BirchadidgRg chreBiPlRas lewd d¢ shoWiesanpbihBUh&ans &7 be
transm fah . di rect%%/ t.ggan exéer_ nal gﬁyi ce .via the |eads 112 for
~ proces®§ %ﬂéﬂg(ff’ﬁ‘i‘ec nsoEteEiprq) feyices melpding; wighqut imifption, wirglespegnnestionse
. sensi NgtaBlsh® esiddRdBEEQDECY (RINIAhSHHOR and VoW UThdHe QRO bdnl 1 l;v_eféal?y ah©
analyte concentration in the external environnent can be obtained” by

- t'aki ngtiernal source suchras eatiesy g angaternal sourasfvia lesrseindirtional sorae gtbers si nce
f act ongeidigs than anal yte concentration will tend to affect both the

signal and reference. channels in equal neasure and, thus, be canceled. -.
17 - 27088 ob dihe 20FizuinGo0 20088 dRCr T thiSeRbEBREBret 00HS Hedidelean 8ls6 bews act ual

Lt S Yo P et S5 PR SR Sy RO, OO
. test weGangOlRg0eh8d any BIHEr cohHATSRAE TR Btintics B WA GhidASEIROY R the) connection.
with é{‘}e ,seﬁ}sﬁi ng de\&i)ce 10 a% shown idne Fl (% 4. és can ce seen, the
r ef er SREENGPH 2% Ripfatebly sammeticalli stapgedaclative to thegadigfian sewrcq Beenpwrs pond i n
|1 ke ARRAalny Eft\pmtaitn{;ﬁec {int B SoRAHRO Lt ! iR Bein AN S, daRBL 1 N
- -rectangular as shown, circular, or have any other configuration. The indicator membranes can be
*.. ~carried on a substrate or mounted on other parts of the device sﬁch as the covers. When a separate
- membrane substrate is used 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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al ways be a flat |ine absent changes in analyte concentration in the
external nmedium The ratio can thus be used to provi de2AaQcRBEPRINS
proportional only to anal yte change. [0059] It is contenplated that the
~sensing deyhGesedkd illustrated in FIGS. 6 and 7 can be EQ :é gyn a

vari ety of ways. For exanple, the size and/or shape of the packagi ng can be
nodified to suit various applications. The packaging can include | eads as
shown or any other neans for establishing connections wth external

devices jncluding, wthout limtation, wreless connections established
‘usi ng AkretRrelasaie sracwiylatiomiedh photasensitive clewents v%m&rabhh&edemed:@tv@an be

- pover eghddciftion sBiirEd, RdficaR? Ylefnts Yol pﬁ&os@ ee‘féﬂe[n%r Bﬁi (ﬁﬂlﬂ? aﬁ urce
via | eads, induction, or sone other d% e i on
and ar lf@mtgé @énwavffgutdhalamal dfisn émapsulae’sw uéed;iheenbapsutmt caReE ss:thbﬁousm@r i ed.
For ex e nings in the.to waII f the housing can be circul ar as
oY Wé)g?rt Ehrfl.o QlBﬁon g)nmd{?geng%vlt%quﬁ ?#)

shown, angu Tation. The openings can be

ar-r anggebeany wiete t]nems'e bEfludtendst Rglidatti nﬁm@um Rffdaiat YxyipsATRIeEdibad kbovaif anged
relative &ﬁ t he radi |on source, to ensure  conmonality between the signal

and. T eF b hemdssiqs fhat otkeriypes o ipdicptaemploeylesang corsiapias hereaf canebe used
- rect angeleflinddn %%cuﬁi‘ 5666 mt@festh %Pe)@lﬁl\él %}ﬂ ab&?ﬂﬁé ﬁufcﬁtioié %Blec&igse

i ndi cat or menbranes can be - carri ed ate or nou on ot her
parts &tchapghogedsserbedie H-SearndNe é§é2,§46 WWC@S@Epﬁwamb is mmrpmaméherenhst rate

i s use | 3 yave
filli ngy %%]f%r‘éﬁdé}b%gg@ggé d\%ggleh “@W&%ﬁ mi»&?nﬁgn a5 3¢ guco%r have
-any . -ot hremothei exaioipte, oglivhiog uobdciles) sudhras t]mddddscﬁiﬁd i UES Pﬂdﬁt@&i 6/344Be0eng.s can

e A R e

._.encaps Nbarwozsdm pﬁleanebaﬁﬁefzs QUOIPAKIN.E ] 196viSiafkl PReROSIplitARE EcRANKEN the
cross-tal k" of |ight "radiated fromthe

d hi b
'Inglng?t %‘%ﬁﬂ@%&%&:#ﬁ%@ tth?é!ﬁﬁhﬁlﬁé%o £ vdidterainserperated hetgingbypgeleteaeabl y be
L nper Vigus ds8 fodikagick %nfahﬁ&ls r‘\[{}&&’h dl%grl‘%@) P&Hﬁs Qlﬂ:ﬂtag)é%gﬁt lr\{]lﬁmg gﬁiEEJét S-

[0061] The housing can have a guration to su r1ous
" conpon&romesircuh#tanteyit may be Possiblpta; mrph@ ﬂuotmcdnbmélcatgr maleculmh edeotthe or nore

021 0o0BE R FRB RIS T R BR R B R B e pubch i, (R
phot oseasss howaree Iﬂm@gﬂal;andl?&iéfeﬂceahémbraﬁdsmﬁ podt @sdlitciBd Eatortnhdle®@les] dudh hoN

source 1 ator elenents, and photosensitive elements is fill ed with an
encapsﬁ‘f% Bfted of a waveguide material. |f an encapsulant is used, the

. -encapsiog3)t CPrafef:yY BotBihd RrdnediHaRek! and the signal channel include a cover mounted

-over a corresponding opening formed in the sensing device housing. The signal channel cover is

- preferably similar to the reference channel cover but can be of significantly different design so long
-as-adequate 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

- 19 -




|

“menbr &/

to support the operational conponents w thout the use of walls. [0062]
Wil e the use of fluorescent indicator nolecules to neaspRIMBSYERZ | S
descri bed above, it should be understood that other types of indicator

mol ecul es pHg60968p1 nati ons thereof can be used dependiggnggnhpg4particular
anal yte of interest. For exanple, |ight-absorbing indicator nolecul es,

such as those described in U S. Patent No. 5,512,246, the disclosure of
which is incorporated herein by reference, can be used to neasure

pol yhydroxyl conpounds such as sugars, including glucose. In another

exanpl BembRpEsag o to meAsae thessme sudiffergnt aptical propersies)i Freadlditionliwldle tRat ent  No.

6, 344, 380 dinkd ] i i rial.No .10/029 184, fil.ed cenber
28, 2001, U §§Sh3§t82{ﬁ%d§ppié’] B %%ﬁ’%%lgﬁﬁr’%sﬁ’gg" W”S%é‘,%ﬁif?fef‘ﬁ ¢ cenber
28, 20whergmbodim@nts Rowld centainalultiPdd sgxtal dpphdlaidiop mufiipld Bferdioe cha@Mls63, 885,
filed h 14 2...1.he disclosures of which are jncorporated herein by
refer e@{@éﬁ (J:lilﬁ aﬁ@%u%fééfsﬁ ViSRS ISR Y ERplevels P8 %&M%Q FeSEEFPBuUNds
such amsalgasignifitdde iredicalGiiGiyy Fos Grampleths QB cSdah B FBIRR HESnhincAEHWiRS
possible to- utilize fluorescent indicator nolecules in one of the

" menbr or yplynee eashing deyices iawlsiseping theiuntgke endaplcase bEsapitstory gasehenadlingr of

t he mapd _ fp: r ence menbranes
|t o Nk o R O B e S ™ 065)
Pr ef eribgirept capbachoutis base en theddckqirmoipke! (fisshdesciited $i theay by AablphlFidkial ude a

_ | [ f d, i. h ' devi
rous nyrpiitend Sinclol A SRECDIE, RREY P Brocdh el difrioht GReRism oy ence

, cgannequm@\thénsfrx_emam_ dﬂdmeqiartﬁh_ i lgﬁisﬁi_lg&@dpirh&ryﬂgiaﬁd‘sﬁf matwlalgl%ﬁél of hnSd&hl J.blgﬂﬂgl as .
adequ e Como 1.t | S C \Y) sl.ghal channe can al soO e oper ate
e oy R it b2 2 e AGHT RS 1o, e t st roabla By apel oo

~.incl uder tht RRMurcRRADET dkybdhothe Sérsinkldbabe @H kNG be Toditih kAR |

?asﬁ{ i aBHSd NY,
conveé menbers that define a space adjacent "a surface of t ee }%’gum ng, plugs
P

t hat Pt exgupleiby vspelfifigentindieats membsanegy, or any conbination of the
f i T : . i . al t of. th
ousy 0Bk o R bEGEBeliRR: Bl Bhsink AR B8 UL UNEHEG) B 35 bodimbalf

- mul -t i phermagnthaving e or mes agalygs that daltbs pendéds [Fos etmpld, thererishg dedige cdtousi ng

or in.different housings, nount n.the same sybstrate. .In yet apother
erbod remploy e e TR PS8 St Feid o e RS et of crrebimetgns vy of

si gnalTheesfherRebahkerds prefeRblyEHRY E;ﬁtlﬂahﬁedﬁ&z’i@or%%ﬁﬁg% 88 ex@hal Mb&eh pand/ or- a
pl ural i tée%]fée reference -- 19 27 Cctober 2005 02/ 090951 PCTI US02113734

br : dgrith qny tpRe-f medivgs &\ os sxAmpl, tagishirvsy Bawn 15t # sabing dopierwifles) . | n
addi t iseled réftkenBe Etafhber filled with air can be used to measure oxygen concentration in a liquid

- environment. In some cases, it may be desirable to create a vacuum in the chamber.
- [0067] ©  While the sensing device has been described above as measuring intensity, it is also
- 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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enbodi nent shown herein has only two channels (i.e., a signal channel and a
reference channel), other enbodi nents could contai n mubyictdesransal
channel s and/or nultiple reference channels. [0065] The ability of this
device to neasure oxygen |evels frominhal ed and exhal ed respiratory gases
has significant nedical utility. For exanple, the device can be utilized in
~conjunction with flow or volune neasuring devices to determ ne the uptake
and rel ease of respiratory gases, enabling the neasurenent of critical
medi cal p@&leamest ers such as netabolic rate (calorie expenditure), indirect
cardi ac output. based on the Fick principle (first described in theory by
Adol ph Fick in 1870), pulnonary function, and onset of shock. Many of

t hese nedi cal di agnostl CAﬂ%Ieefrmo@ﬁéal@afsmgf @fitefer ddIetiig Asd{hresmmbé ofdn t he
- partial pre sure re gases. at the very end of an exhal ation (known
as end-t i gafyipima ged Sat‘&éé’i Ngdeyice soBPEYnZ\Whi | e the illustrated exanpl e
is preferably usedar&ﬁauarrs%u%aﬁweﬁ%% iforS pxygen. the sensing device can
easily be nodified to nmeasure ot her anaq ytes, for exanple by use of
di fferent indicako® ﬁfﬁtrﬂﬂd3r$egond[nbl©818f>nsmveml¢merb®ccmﬁgnmdltalﬂmﬂlvtehat t he
sensi ng sed in any environment
havi ng oﬁgafgﬁ&néﬂrde‘;@ﬁn%%%e%ﬂi%l %%2%#1 gegp(gngﬁg%? fH’For exanpl e, the sensing
devi ce can be mmb&yﬁdndasamnhﬂumhcamd@emmmf)oﬁmned totecqﬁedacﬁﬁtlcgﬁs@ﬂus

medi uns C nations ere he reference chanber is pr ef erably
(11 ea w R He SoeE Brd BN aTifan Bomiieh 1 O RIS A b
filled wdldmamy, siidFRstQhd FBshnt diER6r SAAETS @achtcsl‘aiﬁaﬁnﬁga\ﬁamata@\ﬁﬁblécﬂ% a
sensing device with a sealed reference chanber filled with air can be used

to nmeasuribayepiicabdreistariste responsivedo thegrpsenceafan @ﬂbﬁ%t In some cases, it
may be desirabl e f@sfk ee'ﬂE sﬁg‘ﬂﬁeﬁ%ﬂﬁbbﬁs&ﬂ& BRAERE &9&@ é:]homlarlls?tll\yehe

sensi ng devi ce has be ove as’ neasuring In is al so
possi bl e demends andithe ﬁﬁt pnésenoéimdivitor cleoents; asd on of an anal yte by
measuring fl uor e

he de . [0068]. . W] | h
i nvention has beene?%}re's%lﬂq%a%ndlﬁataﬁ?lsl?lfﬁd%?&é’,s gaeni‘ﬂ‘&%'ﬂf’kﬂwi V]r%fSE i6ntended

to be I|ﬂ1ﬂougdaﬁleasth@e‘ﬁcne(fd>rindd tRiRgiel b BBV S tedeser theehst ihdicatsr evi dent t hat
t hose Sk:"‘hl ed in tH1 now make numerous, uses and nodj fications of
and depari¥ReE o fhs OPﬁeg d? FeSponshisda R mesterace fag@pplytedngdpedivmy t hout
depart i n@gxfeiind the devivgihiive concepts. - 20 27 Cctober 2005 Claims: 1. An
- electro-optical senS|ng device for detecting the presence of an analyte in
~a nedium said S¥iestingadsosand indiegien dément is not exposed to the exterior of the

device and is not responsive to the presence of the analyte in the medium external to the

device.

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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a. aradiation source that emts radiation; b. a first and a second
phot osensitive el enents configured to receive radiation7@ubbergust an
el ectrical signal in response thereto; c. a first and a second i ndicator
el ements positioned to receive radiation from the radiation source and to
transmt radiation to said first and second photosensitive elenents, said
first and second indicator el enents each containing indicator nolecul es
with an optical characteristic responsive to the presence of an analyte; a
housi ng encl osi nd t he r adheséngimgslsvice ef clalme 4f Whetinaaid fhed orah qphlyteosensi ti ve
el enents angl. 1 t{ st iIndi,cat.or el enents; and wherein said
first ind|cat%@géﬁgﬂ@ﬁ?ﬁﬁgtéﬁggﬁgaé°§6§H£%%Fé??%?“of the device through at
| east one bore forned through a cover nmounted over the first indicator
- element on the housing, and is responsive to a presence of an analyte in a
“medi um ext ernal 640 t he dbwsasingaadcobteleinns sehaeissadmnialytedéonsdiningel ement
is not ex oaed Fo.the exterior of the device and is not responsive to the
presence ?lfﬁﬁlgwg1yte in the nediumexternal to the device. 2. The
sensing device of claim1, conprising an anal yte- inperneabl e chanber
covering said second indicator elenent so as to render said second
..indicator el enént insehkd¢ sensipgdovichel gaiss&nelereh stidanalysd-gunéainingt he
'nediun1exﬁqﬁ?al to the device. 3. The sensing device of claim2, wherein
said analy?e-%%%%?neable chanber is a hernetically seal ed chanber. 4. The
sensing device of claim2, wherein said chanber contains a fluid in
contact with said second indicator elenment. - 21 27 October 2005 5. The
sensi ng devi ce 0% cl ai m The sgheingdevisaofiliinus,dviicseinan analitetie said andlgtieni ng

fluid in coptact ~w.t.h.said seco i.ndicator el enent. 6. The .sensing device
of o1 at m SRR S G TR coUMieP e el i eicateinal M 7 The
sensing device of claim5, wherein said anal yte-containing
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.
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fluid is a gas. 8. The sensing device of claim5, wherein an analyte in
said anal yte- containing fluid is the sane type of anal vy e&cidhePodet ect ed
in the external nedium 9. The sensing device of claimb5, wherein an
analyte in said analyte- containing fluid is a different type of analyte
than the analyte to be detected in the external nmedium 10. The sensing
device of claim1l, wherein said indicator nolecule has an optical
characteristic responsive to the presence of oxygen. 11. The sensing device
of claim 10, wherdi n sai dhesdist@tdevicenlf elaith @3 wherein said analyte impermeable
tris(4, 7-di phenyl -1, 10- phenant hrol i ne)rut heniun(l1) perchlorate. 12. The
sensi ng dEYYE EOBPTisgs gipkyghaving & Hange cxisngingoutvar ﬁ‘oahtgllemreﬂfthﬁpblgn@ébl e
cover nou e sing.whi.ch defines at |east a.portiaon of the
chanber c@\%ﬁe% dr)?gi’@‘%ea %glgag{nsc}gfaﬁﬁfog SPBPCH AR P % .ac%ﬂg%éﬂgﬁl%aﬁgﬁce of
- claim 12, sMies@nd obdlish UG HAG i i A r wherein
sai'd anal yte-i rrper?reab e coverg%ﬁ%nggtiiddgeggggﬁﬁ%?{n%?géaator ffagfﬂéf%gnt are
mount ed oromppogifluedssirate sheodxtesmil andduira tinto lendhambeo defi ne t he chamnber

" therebetween. - 22 27 Cctober 2005 14. The sensing device of claim 13,
wherein said anal yte i nperneable cover conprises a plug having a flange

extendi ng outwar gsfrom tlfﬁe Ee%gingfde%?gggé%?ﬂE%Z\"iﬂ%g?jfg}sﬁ gg?lg%ti ning a contact

surface for contacting an Uppéer=sur nd said second

openi ng aihdr@edilOeovr REbARLd f :58akl.t 0 prevent mgration of analyte
containing fluids fromthe external neduiminto the chanber. 15. The

sensi ng device of claim 12, wherein said anal yte- inpermeable cover is
formed of a metal, 16. The sensing devjce of claim15, wherein said housing
has a second opetfng, anting $RFAEACYiRRPEFIANS b, Whepan jaid hpwsinghasize cover and

said firsf.] ;ngg; £h . on osite sides of .said second
openi ng. - f?b’m?' e sn%;lasl} ng ggg\}lgl%égélgfs Q@:@%ﬁﬁg 1§¢?rm %%g? S?Y{eréﬁ‘? aa’iﬁéﬁt%‘gcidﬁ%fr neabl e
cover andele@bitt apsrmbiited bABEHIERAEBIIEs SOMRT se@bifl SpdRficantially simlar in
configuration with
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.
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t he exception of the bore. 18. The sensing device of claim1l1, wherein said
first indicator elenment and said first photosensitive o9RrREIRE2G05SI gna
channel, and wherein said second indicator elenent and said second
phot osensitive el enent conprise 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 | eads extending therefrom
+20. The sensing device of claim1l1l, wherein said housing conprises a top
wal | , side wal | s2dependi Abe sensimgsiwivate bbplaim R0, wisatid aseglen betwlesn feadi ng
bott om edges. whi.ch. ar unted on a top, surfacge of a substrate so as to
mai nt ai n %‘fs&lgtadiﬁl's\%éllsl“g’f%CWE%I?%%WF‘V%%@&B?}@‘F%{ ation to said substrate. -
23 27 Cctober 2005 21. The sensing device of claim 20, wherein a region
bet ween said housing and said substrate contains a waveguide material. 22.
The sensing devi @& of cl Fhewebsinghleriet of slaind 1y wlikrainisaid radiatic@esousceds al i ght
~emtting iqde“ 23de¢e sensing device of claim 12, wherein said anal yte-
inperneablgléﬁygwgig) ormed of a material having good thernmal conductivity
so that an interior of the chanber will experience tenperature changes
simlar to tenperature changes in the external nmedium 24. The sensing
devi ce of claim 22 wher€hasanaing daviat yf daim hevheesbbad analete- i s forned of a

transparent material. 2 T ensi ng .device of claim7, wherein said gas
T SRR fen s T P e Hav s EoRRLiean ] GBS o6 HE! Sensi ng
- devi ce i SinedrRWOf fik @RAfBer ¥l PatienSOtnfiRrdnite Q4 e§§hﬂza} &Adperature The Sensing
device of claim1, wherein power to the sensin evice 1s provided from an
i nternal ¢honess istheextéemggneditm. sensi ng devi ce of claim 27, wherein said

internal power source is a battery. 29. The sensing device of claim1,
wherein power to the sensing

24, The sensing device of claim 12, wherein said analyte-

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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device is provided froman external source through an induction circuit
formed in the sensing device. 30. The sensing devi ce ob7@caibd dgoswher ei n
said indicator nolecule has an optical characteristic responsive to the
presence of glucose. - 24 27 COctober 2005 31. An el ectro-optical sensing
device for detecting the presence of an analyte in a nedium said sensing
device conprising: a. a radiation source that emts radiation; b. a first
and a second photosensitive elenments configured to receive radiation and
out put an el ectrBtal si gmaleléarorgripaleasihfdeetofor detedtirfg ths presdide af second
i ndi cator el ements positigoned to receive  radiation fromthe radiation
sour ce angfalye i} amedivm, saidissrsingdevicesomprsingst and second phot osensiti ve
el ements, said first and_segand indicator .el epents each containing

i ndi cator nol ecufes mﬁthaz%ﬁ%HPfQEFBEﬁEFQWFg%ﬁ@FPe responsive to the

presence of an gnal yte; a@nd afld a 3edtRl PRbIoSEs] e SRA GES &Bﬁgﬁ‘éat&fé‘gﬁw ng said

second indicator elenent so as to render saldesecond I ndrcat or enent
i nsensi t i sadiation ahéoyppesandectofal sigeal iamedpyhse thereta; nedi um external to the
device, wherein said first, indicator elenment is in fluid communication with
said external nfdi um andi&gapd 8 second mdienteralenents pofitinned & reseive n 1 ui d

conmuni ¢ allta- AR olbobh the g%(rﬂr%tg(?rﬁt SRR TR A rre{gitaﬁ{)]li goﬁ:{agc} ﬁﬁast]%ndf segend i

herneti cally-sealed ¢ contalns an anal'y

contact whdoseadiflveelannsts, AR £t £Hd RbAIMEAicatdLelehBfts $5hdonthiglayi ce of claim
31, further conprising a housing, wherein said first and second i ndicator

el enent s, indighigr friolesnlea mdthsacaptidalpihetaoents tespomsivelte thentrasenagadt anai d

radi ati on spurce_are nounted in said housing. 33. The sensing device of
clain131,m?ﬁ4%ﬁ@¢ conprising an anal yte- inperneable cover nmounted on the
housi ng whi ch defines at

second i ndi cator el ement? h%%%uf%gp%éfﬁeg%ﬁg% éf/c?)g%ﬁngﬁhsaa{(g)%%?ﬁ(gi\fg{cl 1irf]ﬂ(’gt }12(ra
- conpri si ngerénta6ak 1 @nder said second indicator element insensitive to the presence of the
analyte in a medium external to the device,

wherein said first indicator element is in fluid communication with said
external medium and said second indicator element is 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.

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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per neabl e cover nounted on the housing over the first indicator elenent. -
25 27 Cctober 2005 35. The sensing device of claim 34, >alteirsiep2668 d

anal yt e- perneabl e cover includes a bore formed therethrough to provide
fluid conmuni cati on between the first indicator elenent and the external
medi um 36. The sensing device of claim 31, wherein said first indicator

el emrent and said first photosensitive conprise a signal channel, and
wherein said second indicator elenment and said second photosensitive

el ement conpri se3a ref er dihe eensingrierice o8daindA3Apvikveinsaid adallymeidrmegatde anal yt e

of interest in sai risipn rovi dj ng an

el ectro- opty&E éﬂ"? ﬂré’ fa%?cgtge%g’ﬁ?“a%?‘ﬁ Vé‘&ef él?lgtco‘élﬁ'ﬂg‘}fag%%‘ﬁﬁ’em? thgi cat or
el ement's ﬁ%@_ﬁhd%fﬁr%ﬂéﬁhéﬁgaﬁd‘ﬂb%%ﬁ{al Hi‘éhi%ﬁﬂ' es having an optical
characteristic responsive to the presence of an analyte and positioned to
receive excitation radiation from a radiation source and to transmt

resultant radi ati,pn to a.pair of ot osensi el.enents, nd wherein said
first indicator ggem&nt i eﬁ%\?@géla‘“ﬁ?/ogel lr 13§21 tﬁr$té%§?at?fne bor e

therethr Oblgﬂeﬁtﬂﬂd%@ﬂdqir&ﬁﬁﬁﬂﬁeﬁsﬂﬁk%h@hs@!l SR chhdnef AN R}ﬁféregﬁ/ sfifl second
anal yte-i npermeabl e, hernetically-seal ed Chanber t’hat renders t%e second

i ndi cat or indicates elemientanssaid seontdphotsensitiesdenent ebmptise aredirgte dhantedhe medi um
external. to the device; b. introducing a nediumto contact said first \
- indicator elenent through the bore in said cover; C activating said §
~radiation source3to em t ArAgthed P BefeRiriRirthrbiyiSbt iRkt ﬁﬁ&ﬂ@%ﬂ#ﬂ?%&at or
el enments, andoptically detecting an optical response of sai rest and

‘second |ﬂ@ﬁ@8@§®m911€mnts and d. evaluating said response to determ ne the
presence or concentr%#fon st _ane . anal te of gﬁere in the

sanpl e, wherein $afd éllgp%heg%ma’e?pé@?legﬁn??%ﬂ‘?‘g%‘? ntainipg Adirstagd @ sede| enent

i s used agdRatoptiefRiERadilcontitiBl intddat@RhAecdidatavilsl AptiPAtRadleflsdd rst  and
second indicator elenents.
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
second 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 Jeast 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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