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CROSS- REFERENCE. TO RELATED APPLI CATI ON

HIGH PERFORMANCE FLUORESCENT OPTICAL SENSOR

CROSS—REFERENCE TC RELATED APPLICATION

[0001] This application claims priority under 35
U.8.C. §119(e} to Provisional Application Serial No.
60/338,647 filed December 11, 2001.

BACKGROUND OF THE INVENTION

Field of the Invention
[0002] This invention relates generally to sensor
devices for detection of electromagnetic emissions from
an indicator having an analyte of interest permeating
10 therethrough, wherein the characteristics of the
emissions vary as a function of the concentration of
the analyte. More particularly, the invention relates
- Lo improvements in the design and performance of such
sensor devices.
15
Background Art
f{0003] U.S. Patent No. 5,517,313, the disclosure

of which is incorporated herein by reference, describes

a fluorescence sensing device comprising a layered
20 array of a fluorescent indicator molecule-containing
matrix (hereafter "fluorescent matrix"), a high-pass

filter and a photodetector. In this device, a light




[0001] This application clainms priority under 35 U S.C 11
Provi sional Application Serial No. 60/338,647 filed Decenbg %ﬁbﬁ5001

BACKGROUND OF THE I NVENTION 5 Field of the Invention [0002] This invention
relates generally to sensor devices for detection of electromagnetic

enm ssi oM BOJF an i ndi cat or havi ng an anal yte of i ntPeraisez/39ersneati ng 10
theret hrough, wherein the characteristics of the emssions vary as a
function of the concentration of the analyte. Mre particularly, the

i nvention relates to inprovenents in the design and perfgrg?gcglgf fﬁCh
sensor devices. 1ls Back nd Art, [0003] U.S. Patent No e

di scl osure BP*WRFeHPE gé?p%r%& “RELEL NG dieder@RER”) deberi bes  a

fl uor escencelseasiédoaidawace p@ﬂﬁalsllyngu%hhﬁyetﬁ@du?élc%%ﬁy of a fluorescent

i ndi cat or no] ecul e-cont ai ni matrjx (hereafter "fluorescent matrix"), a
hi gh- pass fWFf%?l%.cl%¥ﬂgh5Egﬁ b Laghhi Srdeibge 1ightight 1 8 June

12006 WD 03/ 0568¢8e RﬁﬂsléSOEh@Qﬁr?&caﬁ:@iﬂ ﬁ'@lg@ﬁ.ﬁé@ﬁ:ﬁﬁ'ﬂlugréé?@t em Et' ngl di ode
Such % hat  § nERacRt S iahte ERbRed i on kbR el useen: Hee | ndi cat or
mol ecul es tOlnduuabgcamlﬁcihesHughm@@hSthélpﬁwtdﬂdﬁ@W%on1ﬁﬁf%%:{g?fn;rggl
e Lo T ELLEBLGRPGS {Rafeosts g BIRLSERLF et ML Bl L1 ot
per meat e t hesource. An analyte is allowed to permeate the
fluorescent matrix, changing the fluorescent properties
10 of the indicator material in proportion to the amount
of analyte present. The fluorescent emission is then
detected and measured by the photodetector, thus
providing a measure of the amount or concentration of
analyte present within the environment of interest.
15 [GO04] One advantageous application of a sensor
device of the type disclosed in the '313 patent is to
implant the device in the body, either subcutaneously
or intravenously or otherwise, to allow instantaneous
measurements of analytes to be taken at any desired
20 time. For example, it is desirable to measure the
concentration of oxygen in the blood of patients under
anesthesia, or of glucose in the blood of diabetic
patients.
[0005] Since the invention of the device described
25 in the ‘313 patent, the present inventors have
developed a number of design improvements which have
significantly enhanced the performance, reliability and
longevity of optical sensor devices of the type
described in the ‘313 patent.
30 [0006] In particular, because of the size and
' weight restrictions placed on such sensor devices

especially for in-vivo or in-situ applications, it is




fluorescent matrix, changing the fluorescent properties 10 ?f t 5

i ndicator material in proportion to the anmbunt of anal yte % MY The
fluorescent emssion is then detected and neasured by the photodetector,
thus providing a neasure of the anount or concentration of analyte

pr esent WRi%®HI0HI% he environnment of interest. 15 [ 0004PCONEO28%7aNt ageous
application of a sensor device of the type disclosed in the '313 patent is
to inplant the device in the body, either subcutaneously or intravenously
or otherwi se, to allow instantaneous neasurenents of analytes to be taken
at any desired 20 tinme. For exanple, it is desirable to neasure the

concentr at i ORI PRFgeR PAxEREZD |6 oL iphereniaf thgervadklditesia, or of

gl ucose in tihedidat abtdiabehigrddpatbeBbtail QAR eSrBCEab e dqvention of
the device descrihed 25 in the 313 patent, the present inventors have 30
devel oped a AUHBE Ol GRER hpHERatentR: 4hi R 4 Fd nIsPE¥R% i cant | v
enhanced t hecqesunpuimncendrietdljdnerutand. |ongevichy10{, opid cal sensor

devices of the type, described int 1313, patent. _[0006] | n particular,
becadse of tH&" c?/’}z)edeérﬁﬁe der o ﬁq‘é’gﬁﬁl BEFBH Cpﬂsé:c'gé%ﬁt%'lﬁ%ﬂ‘%hsor devi ces

especi al | y fosline wanoafectuning tat appbhsahilons,sdllling gr8cdune 2006 WO
03/ 050519 PCII US02/ 39675 inportant .to maxjm z he efficigncy of the
avai | abl e ici;’ll-u :%(?la or m%%lﬁ'g&% t%‘redé'lpn?vaJBY ac?ﬁ tglenﬁlﬁgl?%l 1%bl e and u.
accur at e neadesigraibie sspeelallhivhersi bhei aénigepamst beofmplErtean and heat
S At ooy Y 208 Yor 118 RPMRELE 6 F3RLATIF0OL. O Perm !
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vol ume manufacturing at a reasonable selling price. Furthe% ng%bgizing
the longevity of the device is desirable especially where ng ce nust
be inplanted in the body for in-situ detection of bioanalytes. 10 8 June
2006 SUMVARY OF THE | NVENTI ON According to a first aspect of the present
invention, there is provided an optical sensor device for determning the
presence or concentration of an analyte, conprising: a substrate; a |light
source for emtting |ightsypMarar OFyTHE aNyENGEIect ed wavel ength upon
ener gi zati on, ”DﬂgégngH %Osurgace of sa%d substrate; a |ight detector for
detecting Iight TRcTdEM? “Phér &b afdPgshelht iy PATEMEct ri cal si gnal
responsi ve ithetteion, mhenteis @rosdidddsat faas cad] aeepbdr tdew€akd | i ght

source, and_bei sepanatedhtherefron1b a light shielding baffle; a
wavegui de fS?Eé%gﬁngnéﬁgdtl?gﬂﬁ?se§88r% CONFESAFAtEPYME @t ector; said
wavegui de hawangey coRaRSsiig CkNesssepstLsRONdgRE tOurce f- fiel d enission
point of said, |ight source; and_an anal yte-perneable indicator matrix

di sposed on“BhtGoit%el 160Ff BEE 1yaPd 2 viRiASFdeGE s R TR ISiditeat or mat ri x

cont ai ni ng bpGtenc@Fibhit Den ) NKhipRLAr oA eRiRSWIPSSaid ght emission is.
attenuated or. enhanced by the presence of analyte in said matrix, said

i ndi cat or nBERTRHAES b hyIkleldtEsgorsieh datectine Wit digidermi tted by the

|ight sourceneRxGi b&8 bbabEaEies 8hoB1éd 1Ne 11 RdLAAT Ofe JPIRGYLES;  wherein
said light detector generates an electrical signal responsive to |ight

i nci dent t hehriaicenitonatiedyon s@ild pudfac adjmoketutessaigl Jaobt 2006 The
: phOtOdeteCtg%ufégﬁ %%dnﬁgiﬁﬁaJéﬂa&gge&‘{ﬁgf%from by a light

shielding baffle; a waveguide formed over said light

source and said light detector; said waveguide having a
means thickness corresponding to a far field emission
point of said light source; and an analyte-permeable
indicator matrix disposed on an outer surface of said
waveguide, said indicator matrix containing light-
emitting indicator molecules whose light emission is.
attenuated or enhanced by the presence of analyte in
said matrix, said indicator molecules being selected
such that the wavelength emitted by the light source
excites light emission in the indicator molecules;
wherein said light detector generates an electrical
signal responsive to light incident thereon emitted by

said indicator molecules.




col or-doped material which nmay act as a filter to substant'k II{Z(@ ock from
sai d phot odetector em ssion wavel engths other than desired g ssion
wavel engt hs fromthe indicator nolecules. The fill-in material for both

t he photodetector and the light source cavities can be an epoxy or other
polynmeric material. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The invention
wll be nore fully understood wth reference to the follow ng detailed
description of a preferred errbodi ment in conjunction with the

acconpanyi ng dra ngs iven b of,.jlJustration only and
thus are not %atPhOto G’t_tehc gé‘é’éﬁ? %ﬁﬂ?i%ﬂ%l%a’ efein: [0009] FIG
1A is a topcmiLew—@J)p@ah e rdall Sfﬁl&ﬁrmaﬁl%/d:’@&as’if‘d?(ﬂldit@g te® one enbodi nent
of the preseng invenﬂiorlj; O%OL FI G 1% iis a side view of the optical
sensor devi GEPBFARF LA, FOR| 81D RHOLogeE PPN iSBWSEF % he opti cal
sensor devi gevefeddis otAedBrhid ldsdinald peaeXxehidéi®on and indicator
response fiel ds_of VI ew, [0012] FIG 2B i1s an end view of FIG 2A;, [0013]
FI Gs. 3A an§23BlIERetRT C\?} é\% LRALSE FRE iR S HESpr dBFefRi b =1 ssi on of

i ght noi Seméﬁ@fﬁ@l|fc9h'£bo'il’ﬁt-ﬂﬁé”$h39@@eﬁ@&ij Q3P 18ePETLMS02 /39675 source
of an optical sensor, and the solution achieved by the present invention,
respecti vel JOUFPD12AVHIGS £ansbg ap dePYFBWY |dthstr RPLHBeEHe use of a
curved wavegyide; surface for an optical sensor 5 according to an alternate
enmbodi rent of the invention; '

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention will be more fully understood
with reference to the following detailed description of
a preferred embodiment in conjunction with the
accompanying drawings, which are given by way of
illustration only and thus are not limitative of the
present invention, and wherein:

{0009] FIG. 1A is a top view of an optical sensor
device according to one embodiment of the present
invention;

[0010] FIG. 1B is a side view of the optical
sensor device of Fig. 1A4;

[0011} FIG. 2A is a side view of the optical
sensor device of FIGs. 1A-1B, illustrating excitation
and indicator response fields of view;

[0012] FIG. 2B is an end view of FIG. 24;

[0013] FIGs. 3& and.3B are side views illustrating

the problem of emission of light noise from a light




[0015] FIGs. 5A-5D are side views illustrating the optim zggi 02% ﬁf
wavegui de t hi ckness for the sensor device according to the®p¥ p
invention; and [0016] FIG 6 is a graph showing the light 10 em ssion
profile of an LED |ight source suitable for use with the optical sensor
devi ce WOMBPOHHy to the present invention. DETAI LEDPCESSRIS®IFON OF THE
PREFERRED EMBODI MENT 15 [0017] FIGs. I A and 1B show an enbodi nent of an
optical sensor device according to the present invention. The device
includes a light source, such as LED 101, and a |ight detector, such as
phot odi ode 102, rmounted on,a substrate 1Q0.. The light source and |ight 20
det ect or areggﬁgg%§ﬁ$éFbapg§c%fWﬁVE§ﬁ?d@n 0§§eﬁﬁgﬂ$gPBrac§hﬁY%%e of whi ch
is provided byttha glasenestenaetiomdiregbectifdIsi;x 105 cont ai ni ng
anal yt e-i ndi cat or l.ecul.es, .The matrix.105,J i sposed, on the outer
surface of the wa(/oedgj%i}dﬁtfofijhs Ghe&isF Xl\a/‘ﬁrjrjelts'ﬂ?%&a@iggdpﬁ?el?%%t ways, such
as by deposi ¢f on, cwomd wgyegathe sumtacet €or Tare dptdletilseanser 101 and |i ght
detegtor 10 : rated c er internal baffle 104a,
whi c%’ i's par%cgtgf%l af%fol %ﬁl %y%ér)mpao%t P’Eﬁg%ﬂeﬁv oaf{]ﬁ SsuBLEP Rt ¥ 100. The
baffle portion 10000GIw B&GEoryedBrei shde wihpar diléhytiaohmd hehesubstrat e
100 or integ s MM r i f Lk strate, wth subsequent etching
or maski ng o?ﬁyh‘%lzca\g\ﬁ% égﬂ%&%@tﬁ&lﬁ]&e@gggﬁ% G5PoSBE 15 REIT Uso2 /39675
[0018] Baff | devigreracrosdiag be ther peesentrintentilbaseahdyer 110 of the
substrate 100 to ggfiigie pagnugrby VLA LS, d qJ! the light source
and photodeteptogﬁgfg p?gbed ?% ggﬁggn%%é oﬁjgﬁg T@&ﬁ@

10 emission profile of an LED light source suitable for

use with the optical sensor device according to the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
is {0017] FIGs. 1A and 1B show an embodiment of an

optical sensor device according to the present

invention. The device includes a light source, such as
LED 101, and a light detector, such as photodiode 102,
mounted on a substrate 100. The light source and light

20 detector are encapsulated by a wavegquide 103, the outer
surface of which is provided with a fluorescence-
indicator matrix 105 containing analyte-indicator
molecules. The matrix 105 is disposed on the outer
surface of the waveguide 103 in one of a variety of

25 different ways, such as by deposition, coating,
adhesion, etc. The light source 101 and light detector
102 are separated from each other by an internal baffle
104a, which is part of a baffle layer portion 104 of
the substrate 100. The baffle portion 104 may be formed

30 either separately from the substrate 100 or integrally
with formation of the substrate with subsequent etching

or masking of the cavities.




5 substrate. Prior to form ng the waveguide | ayer 103 overgthe ﬁﬁ%ities,
the light source cavity is filled wth a transparent epoxy 8 m

polymeric material 106, which preferably has substantially the sane
refractive index as the waveguide 103. The fill-in 10 material 106 may be,
but is NGB red to be, the sane material used f@CTUSRREMeqgui de 103.
[ 0019] The photodetector cavity is filled with a color-doped epoxy or
polymeric material 107, which functions as a filter to block direct or
reflected 15 light fromthe Iight source 101 fron1inpinging on the

phot odet ect or 102 te 1 IS, selected to correspond
: OdE g%@ie d§£¥if8% a%%| rmﬁqogiﬁf §@

to the peak enlss cator ?ernately t he
phot odet ect oba%%lvh}&ﬁrcelrw 20 bbefsﬂlds&atamm h0@ he> clefdmedapeanivet eri al , and

"thereafter e ty, C &d S|nultaneously with the
Codv MNeSAUEECEEM th aToRE SolEY

formati on of the wavegui | ayer, such t source will be
embedded wi t PRt edetiantegr areyplicadrid heveowites Icmy@he 25 [0021]

Addi 5 onal | yguhdistaad OErQS¥P??f%#%§¥ﬁ§N££Q éyé:(§yé q%&?erla the |ight

source cavity also may be oped t he col or of
which is seP&REdde @aérabé@anttlm Ilylgbrto§ku3a¢¢ Gmxzté:lyengt Bilbed ssions from

the L1ONU SOWI 0P D1ithcblggnt Nepg8sidedindD PoBtaveheogLly om ssi on,

[0022] As shown in : at’i e opti cal
sensor devi c%o%:cd'ﬁ?ldﬁhnérﬁéel?a@lﬁﬂm @G%tmxﬁeﬂﬂo,s@mgsmw uso2/ 39675 t he

invention isybaerd @R 268E8VANIRMURSLRBLIAL | Y0P Yhe fi11-1n
10 material 106 may be, but is not required to be, the
same material used for the waveguide 103.

[0019] The photodetector cavity is filled with a
color-doped epoxy or polymeric material 107, which
functions as a filter to block direct or reflected

15 light from the light source 101 from impinging on the
photodetector 102. The color of the material 107 is
selected to correspond to the peak emission of the

_ indicator molecules.

[0020] Alternately, the photodetector cavity can

20 be filled with the color-doped material, and thereafter

- the light source cavity can be filled simultaneously
with the formation of the waveguide layer, such that
the light source will be embedded within an integrally
formed waveguide layer.

25 [0021] Additionally, instead of being filled with

' a clear material, the light source cavity also may be
filled with a color-doped material, the color of which
is selected to substantially block all wavelength
emissions from the light socurce other than the desired,

30 peak wavelength emission.

[0022] As shown in FIGs. 2A and 2B, the

configuration of the optical sensor device according to




a direct illumnation by the Iight source 101 of substanti gl I%%#(g)% entire
outer surface of the waveguide 103, which is provided with cence
indicator 5 matrix 105, and substantially only a direct collection on the
surface of the photodetector 102 of the responsive em ssion fromthe

i ndi cat O BAFIX 105. Internal baffle 104 prevents FOTAROYI%Mni nation of
the photodetector 102 by the light source 101. The light 10 em ssion
profile geonetry of the LED light source is shown in Fig. 6. [0023] One
probl emw th prior sensor constructs arises fromthe fact that the |ight

emtted fro %Qr% go!‘IEDg I%Jase%f o Can%ﬂg{]évfnour ggf:aﬁ*h%a%lérm Siprpur e 15

wavel engt h, i nc €s a signi anou on at | onger
wavel engt hs,a \Mfijmzlq:tnaﬂtlum;lm:tetctmby goal 11ghmfsou1heentalsm%nent si gnal

obt ai ned. Fag,, xaRlLe, a5t andacd ble, LED aravides,a qnm gevavel engt h

em ssi on, but Dbecause of Various Plidi ng actor s i nvol ved in
t he manuf actlﬁﬂfngfhlphoa;ésBrO‘tit@deWnthafmma‘qe@&ﬁt imdbeaitoy e. g.

apPr gXi MRt Sl 10196, MIES Atk e sl gahg&rgtgheolféaﬁ.%on spr eadi ng

into the red r spectrum e red-doped
epoxy mat er i<l E@Ifaétﬁsoﬁst@ Plhpt@ﬁet@ﬂﬂroé—lﬂzt Ré Bheie wavel engths from

being inci d%dsﬂyﬁstl% RROL oS %Ioﬁar tﬂﬁ?ﬁmﬁ&a ﬁ&%rﬂ?'id@r out such

so-cal |l ed em ssions fromt t source g: 024] In the

case of an oBfGamadeRISEleelf4 @reuents ngrran Héﬁu{?ﬁﬂﬁT—b‘Pférﬂﬁ pRenant hrol i ne
as an indi Ceﬁlﬂftod@%terc'tér ihe H&e@ﬁee'ﬂ_iﬁ’& A fcesdeh ., i nelhCatihel S 613nm

Thus, the "red tail" em ssion of the D contam nates S 8 June 2006

10 emission profile geometry of the LED light source is
shown in ¥Fig. 6.

0023] One problem with prior sensor constructs
arises from the fact that the light emitted from
standard LEDs used as light sources is not at a pure

15 wavelength, but includes a significant amount of light
emission at longer wavelengths, which may reduce the
quality of the measurement signal obtained. For
example, a standard blue LED provides a 460nm
wavelength emission, but because of various factors,

20 ~including factors invelved in the manufacturing
process, there is a significant amount (e.qg.,
approximately 0.1% or more of total emission) of light
emission spreading into the red region (e.dg., above
600nm) of the spectrum. The red-doped epoxy material .

25 107 acts as a filter to block the blue wavelengths from
being incident on the photodetector 103, but cannot
filter out such so-called “red-tail” emissions from the
LED light source.

{0024] In the case of an oxygen sensor device

30 using ruthenium biphenyl phenanthroline as an indicator
matrix, the peak emission of such indicator is 613nm.

Thus, the “red tail” emission of the LED contaminates




WO 03/ 050519 PCT/ US02 /39675 the signal fromthe indicator his,'red tail"
em ssion causes the signal baseline to be el evated and the? %ﬁé%ﬁpresses
t he useful readabl e nodul ati on of fluorescence em ssion fromthe
indicator. This is 5 shown in FIG 3A [0025] As shown, blue wavel ength
~light eMOU3081§Y 301 (desired) are acconpani ed by exPCEU&BG75unwanted red
wavel engt h em ssions 302, which can be reflected by the prior wavegui de
construct to the detecting surface 10 of the photodetector 102. According

to the direct illumnation construct of the present i nvention, nost of
t he unwant ed.red.wavel i ons 302 \% D light source are
not reflectg: atlg efsu$ agggo%ﬁa% %F%%veQU| e ack J'E['the phot odet ect or,

but instead eniSspasscausecting eignal tdrelimeegai de, ekﬂﬂﬂtedhandsubstantlalIy

PO Lhe pRSHSAILNSLLUALARGCTRE nEOher NN hARRAMASBE 0 &c LAt o

fromthe blue "wa waves inges o phot odet ecti ng
surface of tﬂinQHeceUQee@uxa81@02er@ ﬁhﬂxﬁﬂ@l@gtoo exyers dent al
neasgrenent baseli pggnojse is reduced by nore than 40 tinmes the |evel
produced by q rlor geonetry (e.g., from23nV to less than 0.5mV).
Addltlonally, as[QD@5hs&%xﬁh@ﬁ@veblvﬁewiﬁﬁiaﬁgth lb@hﬁe&ﬂﬂﬁﬁioﬂﬁll-ln mat eri al

in the |ight 300YkeS £ %;J ta/rﬁéceeﬂp hfkd by %%a%ﬂgo 14 ik Rinkegen ssions from
the light source. g S|np est and nost efficient conflguratlon of
"the optical mshyeve @wt-:fe FHE6LEPAG3D HEN fRenb? iffileatednhye a fl at

surface for difie 39 paysouitle 8SnsEANR: ith FHaSdeléodihg B rde2B. 1t al so

i's p055|ble to ﬁ ave a curved surface, as shown at in

of the photodetector 102. Accordlng to the direct
illumination construct of the present invention, most
of the unwanted red wavelength emissions 302 from the
LED light source are not reflected at the surface of
the waveguide back to the photodetector, but instead

i5 pass directly out of the waveguide, such that
substantially only red wavelength fluorescence
emissions 303 in response to excitation from the blue
wavelength light waves 301 impinges on the
photodetecting surface of the photodetector 102.

20 According to experimeﬁtal measurements, baseline noise
is reduced by more than 40 times the level produced by
the prior geometry (e.g., from 23mV to less than
-0.5mV). Additionally, as discussed above, the use of a
blue-doped £ill-in material in the light source cavity

25 can aid in reducing “red-tail” emissions from the light
source.

[0026] The simplest and most efficient
configuration of the optical sensor device according to
the invention is to have a flat surface for the

30 waveguide, as shown in Figs. 1A-1B, and 2A-2B. It also
is possible to have a curved surface, as shown at in

Fig. 4. -Additionally, it is possible to have other




Fig. 4. Additionally, it is possible to have other 8 June 2896 V&&g3/050519
PCT/ US02/ 39675 surface geonetries such as a saw oot h, gabl I'nverse
surface pattern, in order to increase surface area and thereby increase

t he amount of indicator available for analyte interaction. 5 [0027] Wth
“the pri OWEPEhs, it was thought that the curved aPETBBYWESwavegui de
played a role in focusing of the signal |light onto the photodetector. To
the contrary, internal reflectance or focusing are not significant
phenonena according to the design of 10 the present invention. As shown in

Fig. 4, the %&Efﬁce BBE g;?qﬁx%pgsagc d%% rgggiéonéplp to the detector

102, and infact 1s conp outside o nsor  devi ce al t oget her.
[0028] Exper}miegitss sumiewamwnanannea@w éwenmre%eha%fmﬂ rmed t hat

the predom nant, aaiﬂalazheeébgﬁmdr}&@a% thb Ohodrit REOHHEEHat Sy I €SPONSE to Only

direct illumnation fromt source, as opposed to internally
refl ected I|@Wﬁllqhi®2§PrF@@E#Y@QRMQDGFPPE%@Wale a nunber of 20 different

wavegui de t hi cknggm9nt iR atHORT R hbghdndf 1t ha dtﬁé@%ﬂ%kﬂa&at
reflectance is ngﬁﬁ% ﬁajor con?%ﬁgutor ?%n5|3ha gtren h. As shown,

various wavieRfi HEVEs; ékﬁe%%e%@%mﬁﬁ?eﬂﬁb¢?c%&%ﬁ?d ﬂhEPéeth% t hi ckness is

characteri Zeﬁorﬂ%ﬁhgﬁb@DQﬁé'ﬁbr&Hl tl'i%h@%ﬁt@ﬁﬁf&ﬁ@hﬁ't@&été‘@t&ﬁ[) l'ight source
to the intersection of the far field em ssion X of the LED |ight

source with TheERmregtrasy s e lrspt bactrnas 8%ng§’§us‘l’§gg"’h‘%ﬂ strength was
neasured at gof i9t@phikEERagtrpisHomdd aafptdinfLreciahe. ddsidhlastrated, for a

wave%UIde the present invention. As shown in Fig. 4, the focal

point 402 of the arc has no relationship to the

detector 102, and in fact 1s completely outside of the

sensor device altogether.

[0028] Experimental observations and measurements

15 have confirmed that the predominant amount of indicator
light is produced in response to only direct
illumination from the light source, as opposed to
internally reflected light.

[0029] FIGs. 5A-5D illustrate a number of

‘20 different waveguide thickness optimizations in light of
the discovery that reflectance is not a major
contributor to signal strength. As shown, various
waveguide thicknesses were fabricated, where the
thickness is characterized as a proportion of the

25 distance from the LED light source to the intersection .
of the far field emission point X of the LED light
source with the waveguide surface. For each thickness,
signal strength was measured at a fixed LED current and
amplifier gain. As illustrated, for a waveguide

30 thickness of X/3, a signal of approximately 5mV was
produced; at 2X/3, a signal of approximately 20mV was

produced; at X, a signal of approximately 50mV was

10




30 thickness of X/3, a signal of approximately 5mV was progﬁlc%cﬁoogt 2X/ 3,
a signal of approximately 20nV was produced; at X, a signa

approxi mately 50nV was 10 8 June 2006 WD 03/ 050519 PCT/ US02 /39675
produced;, and at 4X/3, a signal of approxinately 40nV was produced. From
these rBOMPYSIY ¢ can be seen that the peak signal ECTERYMTs obt ai ned
when the thickness of the waveguide is set equal to X; in other words, 5
where the far field em ssion point of the LED |ight source coincides with
the corner of the waveguide. This nmay be achi eved by appropriate relative

posi i oni g Beleedy,t Bl ek sULCE;3001 Lhe Bl amabily SEiet i ON of a

| i ght source wt particul ar I nt | nsi ce m ssion profile geonetry, or
by a conbi nea$ mQﬂucﬁﬁeseFﬁ%t@@e [FeeBOYs Wiy earhbesaedacdaf t he

wavegui de i sy ﬁ%a@%ﬁ%ﬁa&héﬂréﬂﬁh 3 eséginécp ARt | fiefaased surface
area*thethl ss X i's equal he nmean height of 15 the surface pattern

as neasur ed fPf orhe H@"lﬁ’-‘@mﬁesiﬁf%ﬁe equplt he Xavdyatder Fovd3] The opti cal

senser devi cenaeeqifdl Bt ¢1E0@ erlisABLI 891t SOE ML bepcondhgured as a dual
or multi- detector, with photodetectors nounted on either side of 20 the

LED, and di f P@R%GR GOHEICAERSr Whil rilCe $OaRepoRed R &2 veglife r espect i ve

phot odet ect 0Th1§%a¥y I}:Jéafachhévééf’@y a%ﬁrbb@ié@é\ vensajieRgt h of the LED may
excite different I

uor escence ths in e i, ndj c trix.
Al t er nat i vel §OSHut 5% PEERE R Eb g‘gdso\}\ﬁ%‘? é?r}‘fpé"él@hi’?gfﬁ% hits a
different exgéiadiion wavel enghh fAauslengieh 4iddarientlakl uorescence
mavelength r esponse.
intrinsice emission profile geometry, or by &
combination of these factors.

[0030] Where the surface of the waveguide is made
other than flat in order to obtain an increased surface
area, the thickness X is equal to the mean height of

15 the surface pattern as measured from the lower surface
of the waveguide.

[0031] The optical sensor device according to the
invention also may be configured as a dual or multi-
detector, with photodetectors mounted on either side of

20 the LED, and different indicator matrices disposed over
each respective photodetector, such that the same
excitation wavelength of the LED may exXcite different
fluorescence wavelengths in each indicator matrix.
Alternatively, multiple LEDs may be used, wherein each

25 LED emits a different excitation wavelength causing a |
different fluorescence wavelength response.

[0032] Further, while refractive index matching
has been described according to one preferred
embodiment of the invention, it also is possible to

30 select different refractive indices for each of the
light source fill-in material, the waveguide material,

and the photodetector f£fill-in material. It is known

11 -




[0032] Further, while refractive index matching has been d§§ ruﬂﬁg
according to one preferred enbodinent of the invention, SOTS

possible to 30 select different refractive indices for each of the |Iight
source fill-in material, the waveguide material, and the photodetector
Fill-i nWPP&%H . 1t is known 11 8 June 2006 WO 03/ 0BEEAS023057F USO2/ 39675
that light naturally travels froma nediumhaving a |ower refractive index
to a medi um having a higher refractive index. [0033] Accordingly, since it
is desired for 5 excitation light to travel fromthe |ight source to the

i ndi cator mapglx dicgp 021?9?9911#‘%:%\&?%%9&Sak”nfe"i‘ﬁ%m ﬁ%rhé qf fluorescence

| ight emssion to trav rom icator matrix to the photodetector,

an al t er nat elowgmotifrastive index fFpept Modiviplayipgogi beasiccessivel y 10

hi gher |nd|c§§ffgcgﬁﬁggghbgn for the light source fill- in material, the
wavegui de material, and the photodetector fill-in material. [0034] The

i nventi on havi ng B¥&31t Aasosdésalivhegincet ity deeispPatent to those skill ed

in the art that;+hSdhe:igaredBRe1varbRdihd NRAY WBY S eHe departing
fromthe spirit and scopé of the invention. For = exanple, while the

i nvention hatde@t edetrbid Cifirased epeEbackaYvddel GRFER®NEE®Sensor

devi ce for pﬁ%ﬁ“¥¥ﬁbré@%ehbéuﬁidﬁﬁldmissibﬁ 6 iNhvRliegroh e i nvention may
be 20 applied to an optical sensor detection henonena ot her

e usi n
than fl uor est@h@ton PFakRdx of 9 J@'i?cﬁ’g‘o é???%ﬂ 'oRE ArkSFiathded to be
enconpassed &ybddignerftololfovhadi iile®iti®n would provide successively

10 higher indices of refraction for the light source fill-
in material, the waveguide material, and the
photodetector fill-in material.

[0034] The invention having been thus described,
it will be apparent to those skilled in the art that

15 the same may be wvaried in many ways without departing
from the spirit and scope of the invention. For
example, while the invention has been described with
reference to a fluorescence sensor device for purposes
of illustration, the principles of the invention may be

20 applied to an optical sensor device using detection
phenomena other than fluorescence. Any and all such
modifications are intended to be encompassed by the

following claims.

12




12 8 June 2006 WO 03/050519 PCTI US02 /39675 WHAT IS CLAI MEDg IS %bo
optical sensor device for determning the presence or concen?ra gn of an
anal yte, conprising: a substrate; 5 a light source for emtting |ight
prinarlhy of a preselected wavel ength upon energi zation, nmounted on a
surf aceWSY0398Y substrate; a |ight detector for det e®CTAOXI9ML i nci dent
t hereon and generating an electrical signal responsive 10 thereto, nounted
on said surface adjacent to said |light source, and bei ng separated
therefromby a light shielding baffle; a wavegui de fornmed over said |ight
~source and sghh {d ghhirdehepdor; said wavegui de having a nean thickness 15
correspondi ‘emi ssion point of said |ight source; and an
anal yt e- pernbabﬂélM@ﬂﬁgal0$enﬁnnwdﬁvdpspﬁgzxﬂ&nermanloqtEhesurface of said

wavegui de, m%sér{&%' eat Qéncéﬁfdeioﬁoekaéﬂ'é}gﬂé)&%ér gﬂ%ﬂ.éi d ndi cat or

nol ecul es 2 ose light emssion Is attenuat anced by the
presence of anal y &Ubftsaie’ matri x, said indicator nolecul es being

- sel egted such th%$l&@ﬁt“@8@%&§9&ﬂ-eﬁﬁk%i &4 ﬁ%ﬁﬁh%xhh99i1§QMﬁQﬁ excites
light emssion in the indicator nolecules; erein 25 said |1ght detector

generat es anP¥#esaGted) vaveRioth sPEBNSNeEI 7R ULogNt MPRBRERRMT tther eon
emtted by sghfraddndiccalof sMmpAGka@s. 2. An optical sensor device according

to claiml1, 30 %P%Leln said outer surface of said maVQ§U|de is
ght detector for detecting light incident
thereon and generating an electrical signal responsive
10 thereto, mounted on said surface adjacent to said light
source, and being separated therefrom by a light
shielding baffle;
a waveguide formed over said light source and said
light detector; said waveguide having a mean thickness
15 corresponding to a far field emission point of said
| light source; and
an analyte-permeable indicator matrix disposed on
an outer surface of said waveguide, said indicator
matrix containing light-emitting indicator molecules
20 whose light emission is attenuated or enhanced by the
presence of analyte in said matrix, said indicator
molecules being selected such that the wavelength
emitted by the light scurce excites light emission in
the indicator molecules; wherein '
25 - said light detector generates an electrical signal
responsive to light incident thereon emitted by said

indicator molecules.

2. An optical sensor device according to c¢laim 1,
30 wherein said outer surface of said waveguide is
substantially flat, and the thickness of said waveguide

corresponds to said far field emission point of said

13




substantially flat, and the thickness of said waveguide co rﬁ%ﬂgﬁgs to
said far field em ssion point of said 13 8 June 2006 WD 03/ % T

PCT/ US02/ 39675 |ight source. 3. An optical sensor device according to claim
1, wherein said outer surface of said waveguide is in a curved arc
confi gux 3905124, An optical sensor device accordi ng PCOUSIZHHS3, wherein a
focal point of said curved arc is outside of said sensing device. 10 5. An
optical sensor device according to claim1l, wherein undesired additional
wavel engths emtted by said light source are caused to pass out of said
wavegui de vw%igyg: %ein substantially reflected 15 thereby. 6. An optical
sensor devicC ccngFﬁg'to claiml1l, wherein said sensing device is used to
detect at least two different analytes. 20 7. An optical sensor device

according to,clagim.l,.. er el i . - per b indj cator matrix is
iIIuninatedq%Ubs aﬁ#?éF%@ éoE%Fi%%glgg?%%%5%q¥a3g?§q%?%%ﬂ '?on1said | i ght
source. 25 SyheAeigptaddl ogees grurfeviecef avtist diavgouodel & m,2 wherein said
Iighg_detectéqrégg EQEtEoﬁffﬁﬁfHFfdﬂ.ly solely direct fluorescence

ion

illum nat romsaid I1ndicator matri x. 30

4. An optical sensor device according to claim 3,
wherein a focal point of said curved arc is outside of
said sensing device.

10
5. An optical sensor device according to claim 1,
wherein undesired additional wavelengths emitted by
said light source are caused to pass out of said
waveguide without being substantially reflected

15 thereby.

6. An optical sensor device according to claim 1,
wherein said sensing device 1s used to detect at least
two different analytes.

20
7. BAn optical sensor device according to claim 1,
wherein said analyte-permeable indicator matrix is
illuminated substantially solely by direct illumination
from said light source.

.25 |
8. An optical sensor device according to claim 1,
wherein said light detector collects substantially
solely direct fluorescence illumination from said

_ indicator matrix. _

30
9. An optical sensor device according to claim 1,

wherein said light source is an LED.

14




9. An optical sensor device according to claim1, wherein gg}lﬂ%oidoght
source is an LED. 14 8 June 2006 WO 03/050519 PCT/ USO2 /396 . AN
optical sensor device according to claiml1l, wherein said |ight detector is
a photodi ode. 11. An optical sensor device according to claiml1l, 5 wherein
sai d |i Y&t i ng i ndicator nol ecul es are fl uor es®ERHEOAHMI7Bcul es. 12. An
optical sensor device according to claiml1l, wherein said baffle defines at
| east two cavities in 10 which said |light source and said |ight detector
are |ocated when nmounted on said substrate, and said waveguide is forned

over said cajligs obfscAD OBdGaLsE0sOL deviGE RECerding fo claim 12, 15
further conprising a transparent tilT-Irn nmaterial forned over said |light
source in theomint paid gkt defgictori ghta shatedipget ocat ed, wherein said
transparent fill-in material has a refractive index that is substantially
equal to the refractive index of said 20 wavequi de, such that said |ight
source is inllkffdat opkpanal eBeWAAThidRVEES B i9d&C ¢42implsoptical sensor

devi ge according ito chai M did -erfi¥tiRG" 1 SRIRIEH RB18CEOESIadOped fill-in
material 25 tormed over said li1ght sdurce in the cavity in which said

|i ght sour cefjupnassened, naheeela® sai d col or-doped fill-in material has a
col or corresponding to a peak wavelength em ssion of said |ight source. 30

15. An optical sensor device according to claim 12, Lurt er conprising a
col or - doped ¥34 | A opkiepl afenIYr ABYL69 R AT U WhGCodet  tlor in the cavity

in which wherein said baffle defines at least two cavities in
10 which said light source and said light detector are
located when mounted on said substrate, and said

waveguide is formed over said cavities.

13. An optical sensor device according to claim 12,
15 further comprising a transparent fill-in material
formed over said light source in the cavity in which
said light source is located, wherein said transparent
fill-in material has a refractive index that is
_ substantially equal to the refractive index of said
20 waveguide, such that said 1ight source is in effect

mounted within said waveguide.

14. BAn optical sensor device according to claim 12,
further comprising a color-doped fill-in material

- 25 formed over said light source in the cavity in which
said light source is located, wherein said color-~doped
£ill-in material has a color corresponding to a peak

wavelength emission of said light source.
30 ~15. BAn optical sensor device according to claim 12,
further comprising a color—doped fill-in material

formed over said photodetector in the cavity in which

15




15 8 June 2006 WO 03/050519 PCT/ US02/ 39675 said photodetecgﬁr(Lipgocated,

wherein said color-doped fill-in material functions as a fi v bl ock a
predom nant wavel ength emtted by said |light source frominpinging on said
phot odet ector. 16. An optical sensor device according to claim13, wherein
said fiVOBR erial is a polyneric material. 17. ARCHEB28%7Ssensor device

according to claim14, 10 wherein said fill-in material is a polyneric
material. 18. An optical sensor device according to claim15, wherein said
fill-in material is a polynmeric material. 15 19. An optical sensor device

according t o, ol AL 12t SHANGL SOMRELE] NhAhhl bald JRLGLLehor med over
said light source’in The cavity'rn i'ch said lrght source “1s |ocated,
wher ei n sai EiflillHini maherigl dungisons aefa dotlites tadedockhat is | ower than

t he refract Lﬁ%d%ﬁihﬁﬂ@xw el%@]quhv\@fﬂggg%#igﬁ %%%gﬁg%?ﬂ i%rc%ensor devi ce

according t alm 15, erern sai -in material has a
refractive ifrdax 1MRARILRG Mirylfesdt rRhntedrtaadoracti ve 25 index of said
wavegui de. 16

16. An optical sensor device according to claim 13,

wherein said fill-in material is a polymeric material.

17. An optical sensor device according to claim 14,

10 wherein said fill-in material is a polymeric materizl.

18. An optical sensor device according to claim 15,

wherein said fill-in material is a polymeric material.

15 19. 2n 6ptical sensor device according to claim. 12,
further comprising a fill-in material formed over said
light source in the cavity in which said light source

- is located, wherein said fill-in material has a
refractive index that is lower than the refractive

20 index of said waveguide.

20. Bn optical sensor device according to claim 15,
wherein sald color-doped fill-in material has a
refractive index that is higher than the refractive

25 index of said waveguide.
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