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CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This application clains
priority wodasB8% U. S.C. 119(e) to Provisional Applicati @aT8s02/3467No.

60/ 338,647 filed Decenmber 11, 2001. BACKGROUND OF THE I NVENTION 5 Field of
the Invention [0002] This invention relates generally to sensor devices
for detection of electromagnetic em ssions from an indicator having an
anal yte of interest perneating 10 therethrough, wherein the characteristics
of the em ssions vary as a function of the concentration of the analyte.
More particularly, the invention relates to inprovenents in the design and
performance of such sensor devices. 15 Background Art [0003] U.S. Patent
No. 5,517,313, the disclosure of which is incorporated herein by
reference, describes a fluorescence sensing device conprising a |ayered 20
array of a fluorescent indicator nolecule-containing matrix (hereafter
"fluorescent matrix"), a high-pass filter and a photodetector. In this
device, a light 1 WO 03/050519 PCT/ US02/ 39675 source, preferably a
light-emtting diode ("LED'), is located at least partially within the

i ndicator material, such that incident light fromthe light source causes
the indicator nolecules to fluoresce.

HIGH PERFORMANCE FLUORESCENT OPTICAL SENSOR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority under 35
U.3.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
to improvements in the design and performance of such
sensor devices.

15
Background Art

f0003] 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



5 The high-pass. filter allows emtted |ight fromthe indicator nolecul es
to reach the photodetector, while filtering out scattered incident |ight
from t he woghtsossource. An analyte is allowed to perneat e PChaS02/6260F escent
matri x, changing the fluorescent properties 10 of the indicator material in
proportion to the amount of analyte present. The fluorescent em ssion is
then detected and neasured by the photodetector, thus providing a neasure
of the anpbunt or concentration of analyte present within the environnent
of interest. 150P0084] r@sdegadbdnt agédgstappliitcanigoniofiea ($&RHH) , devi ce of

ey YRe e ocL 9pedria the o aLE paLenthg LoryifPLaN shhe devyce | n the

body, either subcutaneousl I'ntrave ot har FWiSE, o al | ow
i nst ant aneous mﬁEa&uﬁéneﬁmshothaMaHWCethm heghakémomttaeyld@&mred 20 time.

For exanple, i esi e I h ncentratigqn of oxygen in the
bl ood of pat|e%?g§3%d%FE%%ﬁegbﬁegggi%8§OE %ﬁﬂ%§8§55|ﬁot g BI°556 of di abetic
pati enbs. [000F5heShngbd-phesi Miénkeironldbwshemdéviede ldeaer ithech tBs in the

| pr overent & Wi GRCRIVE TSR CEaRC) § CBRaNEEdC TG BB PO RRnCA RIS

reliability andlltemgaglbwtobcamtemau ien3d9ndeuhqhs ﬁ&omhehbymagh@escribed

in the " 313 patent 0006]ﬁl n partlgg ecause of th ﬁ si ze and
wei ght restrlcﬁlgﬁgepla dd °5R14GEN *Seh Pwﬁgv Ce5CTEEREE &ffy for in-vivo
or in-situ appficatiesrenti aitsiz, WOhA350h0518ePETHUER2C3967 D robaRekkant to

”aXinﬁée the egfl enc dlca%g% %g E&?gaein 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 [0004] 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 1s 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



indicator matrix in order to obtain a nore reliable and accurate
measurenment signal, while mnimzing power consunption and heat

gener at i oWO 04@sliste onal |y, the 5 sensor devi ce desi gn shoulPdTaspns4675
cost-effective high volume manufacturing at a reasonable selling price.
Further, maxim zing the longevity of the device is desirable especially
where the device nust be inplanted in the body for in-situ detection of

bi oanal ytes. 10 3 WD 03/050519 PCT/ US02/ 39675 SUMVARY OF THE | NVENTI ON

[ 0007] I n accoidppcEanitt ltcamaaspece ahet kéEfpresanty oifnvéwrt iavnailablepti cal
sensor device r I ence entratig an _anal yte,
i's provided, SEgﬁéﬁgg%rnhgtgg s?gafg %2 F%gﬁg %le dﬁﬁ&eba gklgygpda
formed on the aubsta&@emeam@remﬂmalBuggaan Wwaddte mmulmaadm@l@swbhereln; a

| i ght source for_emt rlnarll .of a S wayel engt h upon
enar i st 1 on,  ABORLEE " B0 PSED GPTPRE A0St r AP ONEg 1dhe F 1 he
cavitiss; a I|gbhsdet@e&dmefGESd@meehbngd beqhhtl@@Bde@Efbh&ﬁQthd@®
generating an el ectrical ign responsi ve unt ed adj acent to
TheT Tl ght SouPCOUBR TREEaFPARE G Snd SERSCRAPE S ReTIOtioP™ 1GE « o
cavities, and B&h:lﬂgeiepm’a&tl&dztﬂm@f efn@or:rbhgetvheylafl mgl@t dehvielediing baffle; a
maveguide forngd oveh.the | i sou ce an ht det g%%Qr, mher%{n t he
| i ght source- E6RtEF ﬁge§§§Fﬁ€'|§ P& et eXlF a 1B G ©

mat erial havi ngnt RBes a@ely Qfoﬁ:a(ihl—\é@_thlndl%te@?clbheof\/\@\i@@lﬂﬂa(i@,te%UCh that the
| i ght _source nmay be considered 20 to be located "within" the wavegui de; the
mavegapde



havi ng a nean thickness corresponding to a far field em ssion point of the
light source as determned by the [light source's position relative to the
l'i ght shiwbdBegsibaffle, the intrinsic em ssion profile offCrhuso/sgh 25
source, or a conbination of the relative position and intrinsic em ssion
profile; and an anal yte-perneable indicator matri x di sposed on an outer
surface of the wavegquide, the fluorescent matrix containing fluorescent

i ndi cat or nol ecul es whose fl uor escence is 30 attenuat ed or enhanced by the
presence of analyte in said floUdl st=X0 1 esel ected and

fl uorescent indicatar e d t hat 03/ 050519
PCT/ US02/ 39675 t heo[wavel en%gﬂt h ée%ﬁdlr'?%en}eéby Lt?]l a\ hsrp scgcur ce exmpt e ch St

fl uorescence i ﬁmvl@éltllmrcaitmromce?dulmsqmeﬂresawd heor |deghtrmdetiect dihde
generates an e ri ' esp Q flu scent_ |i_ght. j nci dent
thereon 5 emt%%%tst?ly%?aioagf ocreer{stcen?%% dic a‘t o gcdl es éf_ldedc’

phot odét ect or dagiltagiing fa |dudds twisttte ;a acdhcghtdfmadaldmigelhaaﬂfl\mu@ye%]ts asha
filter to subs | | QcC f sald ot odet.ect or em.ssi gn wavel engt hs
ot her than degl%%gedﬁ% Oé(tyehm l,:,ss|]OOSEIC(?C\r/Tia«|/avél eﬁpc{] From e Andi c?:ft%or

mol ecul es. The cfaMJJtu% rteardial; faorl:laﬂtth stdnﬁcceprfmixoc&ctleﬁ:t:@fg andgHthe 1ight
source cavities_can_he an or. h ol mat erial. BRI EF

DESCRI PTI ON OF PFRE DA 1S 18 PR e W be more fully
under stood Wi '(elfllel‘l_’@’fle’.l‘ae:l’i(tﬁl t enctulve: fdldrowi RgudRicdl [oed tdes Guitdrer Ofin a

h.th cconpanyi ng dr awi ngs, which
g;gfglcgg ggbodlnEn the cévf¥¥é§y1£Mfigﬁf(ae€%c qpfé& etectlnéy

light incident thereon and generating an electrical
signal resbonsive thereto, mounted adjacent to the
light source on the surface of the substrate in another
of the cavities, and being separated therefrom by the
15 light shielding baffle; a waveguide formed over the
light source and the light detector, wherein the light
source—containing cavity is filled with a transparent
epoxy material having the same refractive index as the
waveguide, such that the light source may be considered
20 to be located “within” the waveguide; the waveguide
having a mean thickness corresponding to a far field
emission poﬁnt of the light source as determined by the
light source’s position relative to the light shielding
baffle, the intrinsic emission profile of the light
25 source, or a combination of the relative position and
intrinsic emission profile; and an analyte-permeable
indicator matrix disposed on an outer surface of the
waveguide, the fluorescent matrix containing
fluorescent indicator molecules whose fluorescence is
30 attenuated or enhanced by the presence of analyte in
said fluorescent matrix, the preselected and

fluorescent indicator molecule being selected such that



illustration only and thus are not Iimtative of the 20 present invention,
and wherein: [0009] FIG 1A is a top view of an optical sensor device
accor di ngwoasossienbodi mrent of the present invention; [0@COIUSPY/67AB is a
side view of the optical 25 sensor device of Fig. 1A, [0011]] FIG 2Ais 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 2A 30 [0013] FIGs. 3A and 3B are side views illustrating the
probl em of emni sl vasfellsngith ritistetdq dry sLhe ghtgls: \WDWSID 505k es
PCT/ US02/ 39675 ¢15ur&E-Hf-an; pptical ol ytion jeved by
the present invention, recspecti ve y;mFOOMir I‘—u?%deélﬂleesss'a vﬁée vr?:gv%/{e
il lustrating thease daffect @urasste vavayHdes mafmiom f arigmalopti cal sensor 5
according to a S 1_%7‘0%' t-he .i.nventi on: 0015] FI Gs. 5A-5D
are side vi evvsq:l%%sté}geleng t gﬁ%é;;gﬁegn{tza]t|%ﬂnﬂqoijp%\%aa\?egigtuié eeii%élnckness for
the serfsor dehmie tapt dryigwid o tvmrem@santindivenitdomolandi [L3016]THd G 6 i s
a graph show ng,t i 1.SS1 O ofile of .an LED |light source
suitable for shegjc\?acﬁ {%teérgp |cl:ﬁ%} sl}ng%l&laeec\si%lethacacocro iorifg_q{]oéaﬁ e present
i nventi on. DETAlaED iBESGRIIRH GN1GF aEHE FREFRERRED EVREDIAVENTR 1155 4100417 ]
FIGs. 1A and 1 oW an, e di ment ,of an . optical_sensor .device according
to the present %lrflo\?[én Eilodn.prktl)c(ﬁceoC[rgcvei(%:teorl net usdggjso% Y% eré%tdqrsceo,t%ﬁfchtc}hasn
desired peak emission wavelengths from the indicator

10 molecules. The fill-in material for both the
photodetector and the light source cavities can be an

epoxy or other polymeric material.

BRIEF DESCRIPTION OF THE DRAWINGS

15 [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

20 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

25 sensor device of Fig. 1A;

[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. 234;

30 [0013] FIGs. 3A and 3B are side views illustrating

the problem of emission of light noise from a light



LED 101, and a light detector, such as photodi ode 102, nounted on a
substrate 100. The light source and light 20 detector are encapsul ated by a
wavegui dew0@®3/05asie out er surface of which is provi ded w PeTASDY/BBIRSCENCE-
i ndi cator matrix 105 contai ning anal yte-indicator nolecules. 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
ot her by an i nsermak baf fine optd4al weinskr, s apar thef salvdfifne alchyiervegbrti on
104 of the suhst e e h l.e_portli y be formed 30 either
separately fro%?t%ggsgéggsggeﬁfggk%ﬁ%PhtggF§EF§9%® K formation of the
substrate wi th subsdédt] €tchi igisor masli ngeof itflAestaeittings the Woe

03/ 050519 PCT/ Ug02/ .Baff |l e Jayer. 104 can f.ormed _qver the
base | ayer lloggf%t%§§§%gs%%§%§hf Fg%gg |ngo§ %&n% Fg%8% Eaviti'es into
whi ch Bhe |i ghtcsourdegand aphailadehedkoemdoeiplatedt ahlee imyamttaddrgn t he 5

substrate. Prior to L. n he vegui de | ayer 103 over.  the,cavities, the
| i ght source cavity[{(@1 ﬂl%ggs'mﬁgﬁ%% FF§n§6§FeHPegﬁo%éigﬁ%gﬁﬁépgp5m§heric
material 106, ophiah zptaber alfl wakasududes ttaricikaklsy ttoe shre skefsoacti ve | ndex
as the waveguide 103. The fi.ll-in 0 material .106 may be, but is not
required to begeyﬁge E&ﬁ@rﬁ&FQkFglté?eErFéF“%hén%§9$&8Pdeaf@s. [0019] The
phot odet ect or cavi tyoiog 6f]i Iflred Wi tils a geelpdr stopedhgepexy 1dighgol yneric
nater&%l 107, 29&%@10%“%?35% % %% %ﬁf&hBeﬁi%%tbg%%Ec%Ig%%%a%&er%£L?Cted

use with the optical sensor device according to the

present invention.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT
15 [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 waveguide 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 163 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.



15 light fromthe light source 101 fromi npi nging on the photodetector

102. The color of the material 107 is selected to correspond to the peak
em ssi on Wb oBl80519 ndi cat or nol ecul es. [0020] Al ternately, PChaSptiassotiet ect or
cavity can 20 be filled with the col or-doped material, and thereafter the
| i ght source cavity can be filled simultaneously wth the formation of the

wavegui de | ayer, such that the Iight source w Il be enbedded within an
integrally formed mavegU|de | ayer. %0021] Additional ly, instead of
being filled with &0€L érBﬁﬁﬁéﬁléﬁyeﬁh OKi gar beufesmedviovgralkbe nay be

filled with a sgg@rlggeedmt Bkl %e theseeLer %O"‘/‘Ebcﬁefh%ts‘él BehBd A

substantially block all wavel ength em ssions fromthe source other
t han the desire#, cagbtpeak indeelvbighhtoai $306Hh. SP@@22]8A§ shown in FIGs. 2A

o 2oy DR BAUEBEERBoE e aRLiceh sETagnde 6f gRCrding o T MO

only @ directsubbbmihati oRrByrt ke Epgmungouhcewa@EQUﬁdgu@swamtHQBIy t he
entire outer sypface, of 50§t%@!eg @elléﬁ which | ?v@%%VFQGQl hth
matrix’ ia y a

fl uorescence i ndrcator stant irect
coll ection onwihk auttanepatenheepbayodetethem pOZymbruhematexpamS|ve

em ssion from in |c atar ffle 104 _prevents stray
illum nation o#egh tgae ?o?ylgfs ugﬁe ﬁ?% Egge °T0T. The | i ght
10 emi ssion prnéfkachW&EUnwe&fabhethmabeghudeouDGe i Shesliaowd-iin Fi g. 6.

10 material 106 may be, but is not required to be, the
same ﬁaterial 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 source other than the desired,

30 peak wavelength emission.

[0022] As shown in FIGs. 22 and 2B, the

configuration of the optical sensor device according to



[ 0023] One problemw th prior sensor constructs arises fromthe fact that
the light emtted from standard LEDs used as |light sources is not at a
pure 15 vaoeBesgih, but includes a significant anount of I[PCghiSo2/awirssi on at
| onger wavel engt hs, which nmay reduce the quality of the neasurenent signal
obtai ned. For exanple, a standard bl ue LED provides a 460nm wavel ength
em ssion, but because of various factors, 20 including factors involved in
t he manuf act ur | ng process, there is a significant anmount (e.

appr oxi mat el y ’fd“lel%@fewfén ofs tr a8d PR AT VHIT | $i¢hR ta%%%%fbrp%:b)’eadl ng

into the red re é@ Elluxﬁ‘mzy@lo@f’&@@h@flim sp&gtEdim o Ther r ed- doped

epoxy materi aI acts as a lter to bl ock the blue wavel engths from
bei ng i nci dentsmﬁtmtphblbd@t%c@@tllwsouw sankete 9F |tee wifeEuEfe

so-called "redrdai 'whf@wg&&ﬁo&gg 0 e n Lm&t@@&el*?@é”f&dl&é)@@ﬁ] In the

case of an oxygen sensor de usi ng rutheni um bi phenyl fhenant hr ol i ne
as an 5 ndi cat mtat:nmtrl&f) th@dp@athbm’ssﬁbhywn%ﬂcﬁ @hﬁ@‘é"ét@@ }eckiaam

Thus, the "red f a 3/ 050519
PCT/ USOZ/ 39675O ee s?{&??&?r%?n %%Qe?#%?%%?g%é%rﬁl £@§r§fd\/%(?l " em ssion

causes the si garra$pdma51317enemiLQSIDenefevmt‘ehleahlddl@h’é@étiya’éu‘ya?}érb%es t he

usef ul s cadable, Tyl i} g0eoL b upysogeneceeft ool oA AT e bidksator

em ssions 30Ipfcesietdrtarelazcoppaheetiipht exonaneolisl - unkaat &dghted

maV6|ength en]gﬁiggfogogto%@&ghgggﬁeggyr8%'@ﬁgeﬂEBylight source 1is
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 involved in the manufacturing
process, there is a significant amount (e.dg.,
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



the prior wavegui de construct to the detecting surface 10 of the

phot odet ector 102. According to the direct illumnation construct of the
present iwoeabsm nost of the unwanted red wavel engt h e®CIAISOn396302 from
the LED light source are not reflected at the surface of the wavegui de
back to the photodetector, but instead 15 pass directly out of the
wavegui de, such that substantially only red wavel ength fl uorescence

em ssions 303 in response to excitation fromthe blue wavel ength |ight

waves 301 i npitiigessigmalhef rqundihsleinstiiGae Sur fades of* ¥he Fhot odet ect or  102.

20 According tg experd Al s Bas WeRnt Sahaseld e Y seledscd@duced by
nore than 40 telanrles ﬁle eveISproducled by a’the prior geonetry (e.g., from

23nV to |ess tiimrelly STYRrewRiie iBraluseiws hadaklke e\l iehePise of a
bl ue-doped fil4rid IBSILA o fuddisn | 4000 Spuraeicavidy, 2omean aid in

reduci ng "red- emssions fromthe light source. [0026] The sinpl est
and nost effi cilemin onfI@ur3di on of the optical sensor device according to

the invention is to[ @@/@1 aAyé"ﬁov?ﬁr',r flaces f‘ﬁvéf@q%m&@%ﬂg@iS@%I@Qom in

Figs. 1A-1B, and 2A t"also is possible to e a curved surface; as
shown at in Rl 4eddded] omat | gocimpiniedday et rane@ye oLHERN SR

03/ 050519 PCTI 1502} 3967, 4t Lace. georet i es,such a5, 2,sau onkicogable, or

i nverse sur f ace” ern, tn 0 increase surface area and thereby
i ncrease the anmeinprbériwavegtdde avastabte tortamallytecihrgraerfaas 5

[002710VWth thgfpéﬁgrp 8%58@%éc%5r“@§2?hQﬂQQ&rafﬁé 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

15 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 experimehtal 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 fill-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



the curved arc of the wavegui de played a role in focusing of the signa

| i ght onto the photodetector. To the contrary, internal reflectance or

f ocusi ng wO@3/05B19 si gni fi cant phenonmena according to the @exiupn2/ade7s 10 t he
present invention. As shown in Fig. 4, the focal point 402 of the arc has
no relationship to the detector 102, and in fact is conpletely outside of
the sensor device altogether. [0028] Experinental observations and
measurenents 15 have confirned that the predom nant anount of indicator
light is produd@eetaee respBrseled TAFY #F ractaVYrPakfna®#BhSf rom the |ight

source, as opppsed-19 shpEgroablyreph! echedrhéghto {0028hsEl Sor£88e5D
illustrate a nunpber of 20 different wavegui de thickness Qptim zations in

light of the alfszovedythaseby eineteaneetie #BPURL naf ofdEBAEPFbUtOr to

signal strengt ApaShOWR, - VaRL DUS vegutgdeothi cknesses were fabricated,
where the thi%&%esg'?s cﬁaractegiied as a proportion of the 25 distance

fromthe LED |ight §0022& Wothhehenpeigeceedhndnsf thewrar threphtertdsi on

point X of the {ED.|,i-9bg aaeuéfetﬂét@a§98u§@¥e€959§d58rE@@@-iﬁor each
t hi ckness, signal “strength was neasured at a fixed LED current and
anplifier gai nfodssihpustrahedsigpplalhabegonte Bbet RPekRESSSEFOR-3, a

si gnal of appraoxi e S ed, 2Xh3e Brsikghakig

approxi mat el y gﬁngﬁ§a§¥n§?gﬁﬁgeé?9§?g§? geg?éﬁa o? aégroxinﬁtglﬁrEOWV was
10 WO 03/ 0505180PCF1 45021 88675phpnodavedacanddangskp3thyg diegaan of

apprO{bnately éggwbr%%%ngrnggﬁgioﬁtonhghgﬁgwheiﬂl%§g.iﬁ,c%ﬂeb%o%%§n t hat
point 402 of the arc has no relationship to the
detector 102, and in fact is 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
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t he peak signal strength is obtained when the thickness of the wavegui de
is set equal to X; in other words, 5 where the far field em ssion point of
t he LED |w@hB/05@our ce coi ncides with the corner of the waPeguisde39s7sThi s nmay
be achi eved by appropriate relative positioning between the |ight source
and the baffle, by selection of a light source with a particular 10
intrinsice emssion profile geonetry, or by a conbination of these
factors. [0030] Were the surface of the wavegui de is nade gthﬁr t han fl at
in order to obPapAuaAdi nerdadéd4Zdri adesigres, ofhePPrr&rRaselX f8mdqual to
the mean hei ghf; af ,1aqhBeqsUr FaeR Rakker Reas1FBasHEedahr p& thenl ener
surface of the waveguide. [0031] The optical sensor device according to
the inventionthEsperlly SbENgdnFitgerednad Sacltalngr et FhgetBICEReSRi t h
phot odet ect or s o FDURLEH 0B R WBeE oSkde a6udd thexhEDq andedi ibecen!
indicator matrices disposed over each respective photodetector, such that
the safie exci wheirenthayépandiklef cMASSIPD PeyNéxOit 806 L& édght

fl uorescence g i chsindi-gat or b ik thAl LarRatiively, multiple
LEDs may be u?%é?kﬁﬁe%gﬁﬁcgg%% %%E%Egﬁ%ngfg%gdeFfgren?%éxcitation

wavel ength cauShng aaydibef ecéievieldubive sePFePiaFel éfder Wesponse. [ 0032]
Further, while pelitachivg bpdgodmiel nggasdicel descriled aeaw,difg to

one preferred e ment” of the invention, it also is possible to 3

sel ect differeseleeftriact iofe a Adigheds soorr ceacti tof at marfiicgHEsource fill-in
r?t?;hawa;hﬁl@%¥%gIé%%én@ﬁyggydn ﬁyg}fﬂgaég§$ﬁgﬁﬁeQﬁp%§'é|"n mat eri al

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 excite 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 fill-in material. It is known

11



WO 03/ 050519 PCT/ US02/39675 that light naturally travels froma nmedi um
having a |ower refractive index to a nmedium having a higher refractive

i ndex. [O0®83p/ofuseordi ngly, since it is desired for 5 excitramiusn2/deght to
travel fromthe light source to the indicator matrix di sposed on the
wavegui de surface, and for fluorescence light em ssion to travel fromthe
indicator matrix to the photodetector, an alternate enbodi nent of the

i nvention woul d provide SUCCGSSIVG|¥ 10 higher indices of refraction for
the 1ight sourteatilightnnahuerldy, tragchavéganda Radermalavang the

phot odet ect or Rb%% Ee%ﬁ%@%h@é 1h8934} o ThepkbRYeAt hahiRgvhnaihger thus
described, it F e apparent to those skilled in the art fhat 15 the

same nay be vargédarhimanynd@is without departing fromthe spirit and

scope of the 'nventggpﬁ3goﬁcgééaﬁh 1 Mhbhﬁcéh§t'Q¥98E599e83§0999n descri bed
with reference to rescence Sor device for purposes of

i1l ustBation, eheipatmonpﬂegh@ftphéraﬁﬂénirém wag Béohd apprrredteoths
opt i cal - sensor ,dqyl e qushngJe! aeLlanedPRRNPRENGOLhRL AEN3T ELuar esgence.

Any and al | suc i cations are inten be énconpassed by the
foll owi ng cl ai ier £2uWDeB3L0505199RCTLULE2180675 twrRRFLl STCMAERED IS 1. An

0Bt i cal, sensor geylae LOrdster INLAQ 6. oREesENes 0bncaneeRhidl on of an

anal yt e, conpr|5|n a substrate; ht source’for emtting light
primarily of aembodlment of the 1nventlon 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 varied 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.
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presel ect ed wavel engt h upon energi zati on, nounted on a surface of said
substrate; a light detector for detecting light incident thereon and

gener at i ryoaw/oslsectri cal signal responsive 10 thereto, mpomtusSd2/ams7sai d
surface adjacent to said |ight source, and being separated therefromby a
light shielding baffle; a waveguide forned over said |ight source and said
|l i ght detector; said wavegui de having a nean thickness 15 corresponding to
a far field em ssion point of said |light source; and an anal yte-perneabl e

i ndi cat or mat ri¥EAH; EPoSEAIMBD bh: out er surface of said wavegui de, said
indicator mat{ix £oOntaiNiLRY LighLreaiiilbnorbpdhsatohi AOhgcthes 20 whose
light em ssion Is attenuated or enhanced by the resence of analyte in
said matrix, SBI©S¢h©€cgro@onﬁﬁnbéﬁtéobePﬁgage@%%féﬁesuEﬁmPﬁé§lFﬁé

wavel ength emitted, by, the Light source excites light emssion in the

i ndi cat or nol ecul es; MHEFEIH 25 said l'ight detector generates an el ectrical
si gnal 5 responsi ve &oliphht spnecrdefiert peibbhnend{o8E BYiBardLlYi Adi at or

mol ecul es. 2. e98&?Eégd5§9§8iegsghcﬁpéﬁcgﬁgkggz&@i@h?'ﬂb&nteéooﬂhéreln
said outer surface of sard wavegurde 1s substantially flat, and the

t hi ckness of saiudfwmavegli deidcerbesponds to said far field enission point

of sai d 13 WD 03/ 050519 PCTLUSO2L 39675, LLGHLcs04" s20n3. 1Apigpkical sensor

devi ce according to c said outer “surface of said waveguide
isina 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 i1s attenuated or enhanced by the
presence of analyte in said matrix, said indicator
molecule being selected such that the wavelength
emitted by the light source 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. BAn optical sensor device according to claim 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



5 curved arc configuration. 4. An optical sensor device according to claim
3, wherein a focal point of said curved arc is outside of said sensing
devi ce. 1WOR3/0#510pti cal sensor device according to clai mPCI/USAIEIR3 N
undesi red additi onal wavel engths emtted by said |light source are caused
to pass out of said waveguide w thout being substantially reflected 15
thereby. 6. An optical sensor device according to claim1l, wherein said
sensing device is used to detect at least two different analytes. 20 7. An
opti cal sensorlkmhﬁc%oﬁﬁ@%rdlng to claim1, wherein said analyte-perneable
indicator matrix is illum nated substantially solely by direct
illumnation fromsaid light source. 25 8. An optical sensor device
according to cBai i1, ophherdi peRaPH @?Eh?ed@?%%%@%n%oFPeE%§1§uBstant|aIIy

sol el y direct [fupLescencs bhwm Qﬁﬂf@@ef69”&§§Hdwa{789h§éé0ﬂsmhr bx. 30 9.
An optical sensor device according to claim1, wherein said |light source

is an $ED. 14 ®Wxr08A0505190PEYpWsARI39675 10. An optical sensor device
according to claim1l, wherein said |ight detector is a photodiode. 11. An

optical sensor device according to claim1,
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 is used to detect at least
two different analytes.

20
7. An 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.
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5 wherein said light-emtting indicator nol ecules are fluorescence

nol ecul es. 12. An optical sensor device according to claiml1l, wherein said
baf fl e deWDrass®19 | east two cavities in 10 which said |i got/tsouswes and
said light detector are |ocated when nounted on said substrate, and said
wavegui de is fornmed over said cavities. 13. An optical sensor device
according to claim12, 15 further conprising a transparent fill-in
material formed over said light source in the cavity in which _said |ight
source is | ocat@d, Mheperhcahi derFanspayert 2EFPrdiRY naferial™his a

refractive in LSiqsubstangiabbyogaual st ghbhedrefeactive index of
said 20 mavegﬂ?%%%gg%cﬁé%ﬁat éaid Iightosourcz ?s in effect nounted within

sai d wavegui de. 14. An optical sensor device according to claim 12,

further comprising &,cghot-dopednbhl! abhi B! gbbaka2hol ebmedasyer, said | i ght
source in the cavity in"which said |light source is ?ocated, wherein said
col or-sloped fwherehnmatedi dichssealtbliog &bfieapohdPA§SEELIgSpBAR

wavel ength em ssi e IN! jsqQurce. 30 15. An optical sensor device
according to c?gPﬁgfggeﬁ?%rPh%gggonprising a color-doped fill-in materi al

formed over said photodetector in the cavity in which 15 WO 03/050519
POl US02/ 39675, psal 4, PRgLedgh eekal oS dkaeakedocuiial BN teakd sael of - doped
fill-in materiaf fufitt POhS As A filter to bl ock a predom nant wavel ength
enitted by sai dhkirghth seddckafflemdefpinrgi py d8as&i 8VpherydEiest 6F. 5
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 light source is in effect

mounted within said waveguide.

14. An 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
fill-in material has a color corresponding to a peak

wavelength emission of said light source.
30 15. An 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



16. An optical sensor device according to claim13, wherein said fill-in

material is a polyneric material. 17. An optical sensor device according
to clai mwo,030fswherein said fill-in material is a pol ynmerct/usat/sral . 18,
An optical sensor device according to claim15, wherein said fill-in
material is a polyneric material. 15 19. An optical sensor device according
to claim12, further conprising a fill-in material formed over said |ight
source in the cavity in which said light source is |ocated, wherein said
fill-in materisaidasheate@étactovels nexatddi TRETOWRISIHANCPHRITEPPERti ve

20 index of sajth pey el fer s 20. «M-Opbhsals SENEOT deviGeyaceprding to claim

15, wherein sard col or-dope

in material has a refractive i ndex that

i s higher tharptédombfianctveecloBgindenibiedadry sav@ghiglt geurce

10

15

20

25

from impinging on said photodetector.

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,

wherein said fill-in material is a polymeric material.

18. An optical sensor device according to claim 15,

wherein said fill-in material is a polymeric material.

19. An 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

index of said waveguide.

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

index of said waveguide.
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