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BACKGROUND OF THE INVENTICN

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
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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




5 Field of the Invention [0002] This invention relates geneéﬁwﬁ¥%§g sensor
devi ces for detection of electromagnetic em ssions from an or
havi ng an anal yte of interest perneating 10 therethrough, wherein the
characteristics of the em ssions vary as a function of the concentration
of theWPaN$FW. More particularly, the invention rePaT/#&802/38G5i nprovenent s
in the design and performance of such sensor devices. 1ls Background Art
[0003] U. S. Patent No. 5,517,313, the disclosure of which is incorporated
her ei n by reference describes a fluorescence sensing device conprising a
| ayered 20 arr a fluorescent indicator nolecule-containing matrix

(hereafter f@%ﬁf’ Rattpiag the gfdhcpeney of [ther agaglabihot odet ect or.
In this devi Elﬁﬂdlcmﬂdrglﬁlhti:lﬁ T Ner 2006 o VL P31 DD b3 PeLl US04 396¥5  sour ce,

preferably a_light- enlttln dIOd ED is  located at |east partially
within the |?ﬁﬁ€%ﬁ ﬁﬁ?ﬁ %ﬁéﬁhthﬁ 116 HgdAd 2inghPo¥e®Hm t he | i ght
source causesommmpﬁidmcaharhém& e;aﬂeeettenf | lm:[cﬂ&fi%nail}'hettm gh pass.filter
allo emtted |i f,romt he tor npl ecules to reach

Dot Sdet ect of SRS HETIPR] HEF 19y W LocREFBF b RHePaEREE TGS om the 1 gh
source. An analuytee masluﬁhbbu\emg @tper reakendlie: fdelanegcppicemt ri X, changing
t he quoresc;

ropertles f the indjca material |n proportlon to
t he anmpunt d?igﬁéiyﬁgx %@%&ﬁ 9¥% °Fﬁﬁg+t%‘§ﬁth§nﬁ§§F8% 1% then detected
and neasurexﬂegﬂndhiephepedfak&y(Nherbhhhe @eoddedimigtabseampliantedd t he anount
or concent af ) 0o @by £ PSP B UELILD 4G SIYEEgRIENt of nterest.
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15 [0004] One advant ageous application of a sensor device gg tgg,gype

disclosed in the '313 patent is to inplant the device int S 9, ei t her

subcut aneously or intravenously or otherw se, to allow instantaneous

measurenents of anal ytes to be taken at any desired 20 tine. For exanple,

it is desirable to neasure the concentration of oxygen in the bl ood of

pati ents under anesthesia, or of glucose in the blood of diabetic

patients. [0005] Since thesUMMABNt OBNTHE IimeENiEndrce described 25 in the

" 313 patent, the, present inventors have 30 devel oped a nunber of design

i mproovenents whi ¢hC E§%§g i FH A6 h%ﬂc%ﬁ?tﬂ%?sﬁgFfornance,

reliabilityianehtilomngenety D mphiidal sensaricdevisersodfddiieet ype descri bed

in the 1313 _patent. [.0006] In particular, because of the size and weight
85| ke e

restriction f+8tic SPTHBVPE LNCESHERFAPT P K G2 i n-vivo or
in-situ apphh&pieQnNeomblibsng: & unet2HO5; \W0103H050612-LETUS02/ 39675
i nportant to paxim ze the efficienc¥ of the available indicator matrix in

order to obfEHRNIrENFePTHME 1AnAT ARIASRIECKBSUREMENITSi gnal , whil e

M ni M zi ng peNETencGYASHEPLL OtnARdchesh gengratkods Hditionally, the 5
sensor device design should permt cost-effective high volune
manuf act ur i FgPHRE e S e s bhaBt defertrrgt P idedectipet hbght fedide2ing t he

| ongevity ofndhede¥hCeehsratdari habl ecespechakl yruheradhg devi ce must be
inplanted in the body for 1n-situ detection of "bioanalytes. 10 8 June 2006

SUMVARY OF fMEraUQvERPHONeD Aot sradidngur Bace faddecens peetsagid thehpr esent
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
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.




invention, there is provided an optical sensor device for g?t er%B'O%i ng the
presence or concentration of an analyte, conprising: a sub PRt a |ight
source for emtting light primarily of a presel ected wavel ength upon
energi zation, mounted on a surface of said substrate; a light detector for
detecting light incident thereon and generating an electrical signal
responsive thereto, nounted on said surface adjacent to said |light

source, and being separated therefromby a light shielding baffle; a

wavegui de for rredTgverhggcijéi

| i ght source and sajid |ight detector; said
wavegui de having da° Rean3 ?%%%?ﬁe§?v&5yrlg§$gkﬁ i#fg“teéigéi’.ltga? field enission
poi nt of sacdlbrghtpsduicesriandwacAnadyte-tpesdrealdlieterndbcat or matri x
di sposed on_a uter surface of said . eqguide, said indicator matri X
cont ai ni ng FP@F. angig Ty @Q%iféawa%%@%%@t%% HGALORNi ssion is.
attenuat ed eavenhefdsd obyet hehgif eaRIGRObeaRakyi esi¢h said matrix, said
i ndi cator nol ecul es_being sel ected, such that the wavelength emtted by the
| i ght sour cB2VBXBRRYERS |55t tofi 4875RFOT thRE§GHieSat BRenbl EEti®s;  wherein
sai d |ight deteeldl goNYRMESHANpRbESILtEM or Hrii@dher §§§998I ve to light
incident thereon emtted by said indicator nolecules. June 2006 The
phot odet ect 8PUEER | 37 Ha\PDER PRedR vERIKE Ol sitherdepéemenieri al whi ch may
act as a fijheerio . substantially block from said photodetector em ssion
wavel engt hs ot her than desired peak em ssion wavel engths fromthe indicator

nmol ecul es. The fill-in material for both the photodetector and the |ight
source cavities can bgpaprep L y | terial. BRIEF
DESCRI PTI ON OF THE TR Al SRR NGd™ L OT o Tl y

under st ood wi t h[?@d&r diee invenrtior olildwbagnaiet fidlég dederstpiddn of
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




a preferred enbodi ment in conjunction with the acconpanyi ng dr aiﬁ'oggs,
which are given by way of illustration only and thus are ndtuq#%ative of
the present invention, and wherein: [0009] FIG 1A is a top view of an
optical sensor device according to one enbodi nent of the present
invent i WROB0H50] FIG 1B is a side view of the opti BET/USEEHESr devi ce 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; [0013] FIGs. 3A and 3B are

side views illustrating the problemof enission of |ight npoise froma
light 5 8 Jung" %%&%%?Pg%%%ggsﬁ?éﬂrwséﬁ | B AP IUL PR R ISFE Dt | cal
sensor, and bhetlsolprdsentathvevieibn,byekbecpiespnt invention, respectively;

[0014] FIG 4 is ide -vi.ew,illustrating the us f_a curved wavegui de
surface for an opfolocszla sF\éEéo? :'SSa%csd‘?1 i 5 eYoﬁa]rPS%ngFﬂﬁtEh%ﬂﬁ%%l nment of the
invention; pH0A5juie@s waSagdliarsardade Yoevan iddtiskl abéngot he i ]
oresent | nvengr el Ko B Al E Rt SRbo M R el RV R gt 10
em ssion profile Bf0l@ EEEs| i ghtiBeueceidei vtidi=e ifldnstuseindg tthd he opti cal
sensor devic iy rgs i tiaon,, DETAI LED DESCRI PTI ON OF
THE PREFERRE%’‘%ﬁ)@‘g_’iﬁc‘%E%TE_’JQi 1@?%’%‘5% ERegkiy e et TB®sROW SN enbodi ment  of
an optical Senss ageerdéngchordiengresenheipregdon;i auénti on. The devi ce

includes a |ight gRKEGerIgUch A5 a Yrlph0dnodiith nk! 9hfnget ector, such as
hot odi ode 102,
P 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.




nounted on a substrate 100. The light source and light 20 d tJect ({0 are
encapsul ated by a wavegui de 103, the outer surface of whic Flée% gvi ded
with a fluorescence- indicator matrix 105 contai ning anal yte-indi cator
nol ecul es. The matrix 105 is disposed on the outer surface of the
wavegui 83 B@051%h one of a variety of 25 different wapPST/USHIN™s by
deposition, coating, = adhesion, etc. The |light source 101 and |i ght
detector 102 are separated from each other by an internal baffle 104a,
which is part of a baffle |ayer portion 104 of the substrate 100. The

baf fl e portion 10fgmy becLoomed, 20 ,qi her separatel v fromihe substrate

100 or integrally wth Tornati of t'he %equent et chi ng
or maski ng obaséelavar tlil@sof6tBe Jaiest2006 WD 03/ (G518 RPGTAKISE? / 39675

"[0018] Baffl gel {5104 ;680 H jé%}pr%%d lg_éﬁg Lhe b%%%nl ayer 110 of the

substrate 100 to define a nu ca ies’into ich the |light source
and phot odePketedet@catop| asedrlacesk tenbet Bdumired ey Sheubstrate. Prior to

formeng the ueuegulule | 456,103 oAb DECANAR. TlGLT gy sour ce cavity

is filled wth a transparent epoxy o ymeric‘rmaterial 106, which
pref erably h@%es st &3VIELES, t Hee sHigbt setirectdamitiindexfadledie wavegui de

103. The fil}+4 i t. . r I to be, the
same nateri a*tikge%%‘rgr%%? %gé%\%uﬁéﬁggﬁgfo%dlwg %%g%%%% ector cavity
is filled witdea "highopradpeebpdias subpbryrierlily feeseme 107, which

functions asr@cfdditioe 4Aqbkogk Gid Gabeglidef1@et e%@fgiﬂ—h{ fromthe light
source 101 from i npi ggl ng on the photodetector 102. The col or of the

mat é°i al 1074 G dlfeliay PRoris penBot et qeshikcehPsstlm of the
i ndi cator nodggdil@¥erial 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




[ 0020] Alternately, the photodetector cavity can 20 be filled '6 t he

col or-doped material, and thereafter the light source cavi??u@%% e filled
simultaneously wth the formati on of the wavegui de | ayer, such that the

| ight source will be enbedded within an integrally forned wavegui de |ayer.
25 [ 002MO BA#SI onal |y, instead of being filled w thPCca/ushamésnaterial, the
| i ght source cavity also may be filled with a color-doped material, the
color of which is selected to substantially block all wavel ength

em ssions fromthe |ight source other than the desired, 30 peak wavel ength

em ssi on. [qg%2} h N FlGs. 2A and 2B nfiquration of the
optical sensor 5%821%2%% g?anséagf8n7a§hﬁ%‘ﬁleng2(§gg)g§@§€§7j0%0§fgy

PCT/ US02/ 3967 Slitdeeti niénnimntican bystde ohigithisewirng $@bsifantially only a
direct illurg i : i .. SO f b 'QII he entire
out er surfa?ed%ga%égﬁg%‘% d%mlf%S%gﬁ\EA%fc |fgflc|§r %\E}Ii %%%rwvét ?Lf%or escence

i ndi cat or 5 Yf&,r whith5isaprosidest anthaflyommdogngedindttatond | ection on the
surface of thg tedet 0, E%%%S 3 onsl e ssi romthe
indigator natrf@ggégs' %%é%ﬁa gg?}gffagﬁégé@gkggts?é%%%éqlﬁﬁnination of
the phot odetredirsr sugfapy ehethe ghotedeteetoro02TRE Fheht 10 enission

profile geongidnnali vhemt&d) dd gﬂlomseﬂécﬁjdiscat%@%t%ﬂxﬁ&. 6. [0023] One
problemw th prior sensor constructs arises fromthe fact that the |ight
em tted fromntsrasdabafEbpslUsaFessnts ghtrasbiddesninatieon oft thepure 15
vavel engt h, it ddReludes f05ignithieC oL AU O ol 9hine eMighgi on at | onger
wavel engt hs,” which may reduce the quality of the nmeasurenment signa
obt 2Pned. Famission 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




exanpl e, a standard bl ue LED provides a 460nm wavel ength ﬁqigib&%, but
because of various factors, 20 including factors involved i

manuf acturing process, there is a significant anount (e.g., approximtely
0.1%or nore of total em ssion) of light em ssion spreading into the red

~ regi on W& WBO05EHove 600nm) of the spectrum The redPdBee/38¢6xy materia

25 107 acts as a filter to block the blue wavel engths from being i nci dent
on t he photodetector 103, but cannot filter out such so-called "red-tail™
em ssions fromthe LED |light source. (0024] In the case of an oxygen
sensor dEVI%: 30, u%afgfrut gig gégpgpleBhgnag§hrolhpe as an indicator

matri x, the Sak™ gn135|%%no suc cat or Thus, the "red tail"

enm ssi on of GMMSSEED camtearithat esg:B hﬂﬁﬁilﬁ@OBOVEb(EWdYaméﬁga@@T/USOZ / 39675
t he signal r hj ses the signa
GERIe IR e EL s feacay

basel i ne to ere y suppress readabl e
nmodul ati on dfluciregcerse missénnsEion thomndicatadi cdflers. iFhis is 5 shown in
FI G 5 3A. [ 00g; A§ shpun, 4 bl ue wavel ength |ight emssions 301 (desired)

are acconpanle by exiraneous, unwanted red wavel ength em ssions 302,
whi ch can be ref|[€628dH &ﬁ/SHQWBrpbl@¢ weKedgnioth &bekt ramitssiensthe detectlng

surface. 10 %fO nﬁegggég}je&faﬁa@@oﬁﬂgnlé@w %‘fx@Qathﬁé"e Mhfa@kq i I unination

construct of e present 1 nventi on, t he unwanted red mavelength
" eni ssi ons BG@df W@Wﬁﬂﬁ@gtlmusﬁgﬁﬂss%%céﬂw gab perreidiesdesdt Prhe surface

of | the wavagy deiheckatuiiae BBALEHRNEQLDRnCbULboeLRaGurEacRaSS directly
out of the wavegui de, such that substantially only red wavel ength
qub@escencéxf't e photodetector 102. According 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




em ssions 303 in response to excitation fromthe bl ue mavegﬁgﬂgﬂ)light
waves 301 i npinges on the photodetecting surface of the ph € Q tor 102.
20 According to experinental neasurenents, baseline noise is reduced by
nore than 40 times the | evel produced by the prior geonetry (e.g., from
23V t oWABSEBELYn  0.5nmV). Additional ly, as di scusse®CABEWE%Bhe use of a
bl ue-doped fill-in material in the light source cavity 25 can aid in
reducing "red-tail" em ssions fromthe |ight source. [0026] The sinpl est
and nost efficient configuration of the optical sensor .device according to

the inventiogn.J 0 . urface e 30,yavegui de, as shown in
Figs. 1A-1B, Q%fn%ézeAg%%}ﬁgF?l% 2%u&1l g%p%s%%ﬁoe&%j %al\';’e a %rved surface, as
shown at in 1mV&frse4 supdare ipatdidon, in pxdpodsi Bhereashaserbidser 8 June 2006

VID 03/ 050519, PLTIIDZh IS 1A% LB OMRbIHES S 45hs a5 Sant oot h, gabl e,

or inverse surface patternh, In order to Increase surface area and thereby
i ncrease t heahaileof or nghehftsy 1n&eaRrEbPR for anal yte interaction. 5

[002%] Wth the prgoorn)dRstgnthe idriWasqbhouant itthaks Lheugne watdarc of the
wavegui de played a role in _focusing of the signal |ight onto the
phot odet ect ofhe T3 uMed asftPhrkhe wivegnase riRkasé an&el8r*®ocusi ng are not

signi ficant phanorRNaracseriqihl Qihhe 6886 FhobhotBdbbecwsesent invention,
As shown in Flgi 4, the focal . point 402 of the ar% has, no rel ationship to

the detect orTage SRAFATY act S TednPrELEFIARAR SFdECBRSHRR 2%f%nsor devi ce
al t oget her. {09028lgrEtpebhfeeomsetrabi@Nsg add theagusefends 15 have

confirmed that the predom nant anount of indicator ILght i s produced in
resﬂSnse to Eﬁﬁ)pqﬁqqggtlnventlon. As shown in Fig. 4, e 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




illumnation fromthe Iight source, as opposed to internal%¥m%£%; cted
light. [0029] FIGs. 5A-5D illustrate a nunber of 20 differe gguide

t hi ckness optim zations in light of the discovery that reflectance is not
a major contributor to signal strength. As shown, various waveguide

t hi ckne¥9d8/0¥E% fabricated, where the thickness isPERAPREPEFi zed as a
proportion of the 25 distance fromthe LED |ight source to the intersection
of the far field em ssion point X of the LED |ight source with the
wavegui de surface. For each thickness, signal strength was neasured at a

fixed LED c éﬁ} d i 4 [ L# | ust At {orag@wavegui de 30
t hi ckness olfjf) ,C%}siagggkoék%'p%gf?%fégl df/f S%jf:%j£ \X./ggéﬁgg‘reoguced; at 2X/ 3, a
si gnal of approxinestusief- 20BvoRd eSSy gegedls, att xambg gaelr Bratapproxi matel y

S50mV was 10 8,dJyne 2Q06,W0 03(O0A919 sPLIELE /ARG ehBr odieksand at 4X/ 3,
a signal of approximately 40nmV ‘was produced. Fromthese results, it can be
seen that t&e Prakayiegharesis ofaft FELobe af nelh HE®*t Ker¢Hi ckness of the

wavegui de i sygete aqialrato£Xe1d NenditR@bnWBH S Sf Whey exbheidie field enission
point of the LED light _source coincides with the corner of the wavegui de.

This may be 8RWFes SPIBFidepr Bbth dthe coraer\Rf s iavEAIhY® bet ween the | ght
source and t'h@ié)firﬁaw e la)é_hig@é@qu} Gppebpaidtdhtelzminvee W th a particular 10

A R N A T T L N
in order to gbtaddlan Jmer eagee SiidRCRitRr#apatthiendihicckness X is equal to
t he _nmean hei ght of 15 the surfacef% tteégmesr rreaosrurbedafromthe | ower
sur f&ce intrinsice emission profile g Y y

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
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of the wavegui de. [0031] The optical sensor device accordlngjﬁgzﬂﬁﬁ
i nvention also may be configured as a dual or nulti- detector
phot odet ect ors nmounted on either side of 20 the LED, and different

i ndi cat or natrlces di sposed over each respective photodetector, such that
the san®Q %@t on wavel ength of the LED may excit BCHUSREPEHL
fluorescence wavel engths in each indicator matrix. Alternatively, multiple
LEDs may be used, wherein each 25 LED emts a different excitation

wavel engt h causing a different fluorescence wavel ength response. [0032]

Further . whibead OGR! hieul Lelbngrohas RAGMnIRSeHPed according to
one preferre nment of the invention, SO I's possible to 30

sel ect diffet@rmr r@frré@ﬂ:w% inﬁﬁf?céi@ ﬁomeéa@h hgvipea higar source fill-in
material, thg,mavqguidengaterial, and the photodetector fill-in materia

It is knomn 11 8 June 2006 WO 03/050519 PCT/ US02/ 39675 that |ight
natural |y travel sl%43h Acrerilinglivavishgea 1t oberdeséirpdci?®e index to a

medi ym havi ngy @ {Gher 1l@ﬁ£r@&tﬂféerel1n§@asm {@@%%]ghécgeﬁﬂwgiautr@ nce it is
desired for 5 excitation light to travel fromt i ght _source to the

i ndi cat or mattCHiUPIIEFLE L IROSREY eguibe %%HQQ¥§§3 ghEEa%%r a%or escence

light em ssi pgh t© ddraselnts oM de eniBdieat €6 tMRivelX £hemt#ee phot odet ect or,
an alternate, enbodi nent of the i nventiqn woul d rovhde successively 10

hi gher i ndi cBR4iFatet PRELLBNCS dha REOLPYRte SR c @™ PHFE 1 Srat eri al | the
wavegui de maégid@imerandft BRe ﬂhmci@heﬁbeldfpﬁdmlda patessalve1[0034] The

i nventi on hav been, .t hus desc ar ent t hose skill ed
in the art t %ﬁ%r‘indlces og rac 1on forw%he llgh%pgource %fi

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.
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15 the sane may be varied in many ways w thout departing frgqhﬁgﬁwgpirit
and scope of the invention. For exanple, while the invention een
described with reference to a fluorescence sensor device for purposes of
illustration, the principles of the invention nmay be 20 applied to an

opti cal R evi ce using detection phenonena ot h@CTUSEBY9$IUOr escence.
Any and all such nodifications are intended to be enconpassed by the
following clains. 12 8 June 2006 WO 03/ 050519 PCTI USO2 /39675 WHAT IS
CLAIMED IS: 1. An optical sensor device for determining the presence or

~concentrati ofg0f @ -ARYMpHergcONPrising: a substrate; 5 a light source for

emtting Iighr—prrﬂarriy—vf—d presel ected wavel ength upon energi zati on,

mount ed on al. suvf apdiotl sséubauldervigeefon datgivmidénectios for detecting

l'ight incid @n ati g rjc ' responsive 10
esdi® 8 c@ﬂ&@?&&ﬁ%& g an %laf%_?g;led F%}mﬁfﬂéﬂ

t hereto, nounted on said surface adjacent to ght sour'ce, and being
separ at ed t her ef rodubgtsateyght shiel ding baffle; a wavegui de formed over

- saidglight source andnsabSurdd Qv @ﬁ&%ﬁi:ﬁ&ilﬁitdp%fﬂ%yi &#A1aVvi ng a nean

t hi ckness 15 corresponding to a far field em ssion point of said |ight
source; and RFFIHACFEE- PRYPHEIBIT URGNCcaPeFIRbLOR  dMSPBERY Bh 2 an out er

surface of sgihfrayvegukdes S@dtdardi;cator matrix containing light-emtting
i ndi cator nol ecul es 20 whose |ight emission is attenuated or enhanced by

the presence of GaddPPtedpteenitd iogt PRkecting 4ightcaretdeol ecul es bei ng
sel ected sucihdiwin bhe YeN&FLNH 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




emtted by the light source excites light emssion in the ?? gﬁbg
nol ecul es; wherein 25 said |ight detector generates an el ec i gnal
responsive to light incident thereon emtted by said indicator nolecul es.
2. An optical sensor device according to claim1, 30 wherein said outer
sur f ace WS 0349305 wavegui de is substantially flat, andPCRasS¥¥6kness of said
wavegui de corresponds to said far field em ssion point of said 13 8 June
2006 WO 03/ 050519 PCT/ US02/ 39675 |ight source. 3. An optical sensor device
according to claim1, wherein said outer surface of said waveguide is in a
curved arc c anguratlg 4. An optical sensor device according to claim 3,
wherein a f p SI°ht 6t said curved arc i s outside of said sensi ng
device. 10 5. An optical sensor device according to claiml1l, wherein
undesi red adgi tiQn I e I spurce are caused
to pass outq%T égﬁ b &gég gg%? %%E% %Eé%?dfﬁ bg?aﬁggé Ig reflected 15
thereby. 6. vhemsini 6ahdsen‘s@r Swe-\ﬂace aﬁc&mdi ngvieguetiai k% 110 anherein said

sensgng devi Ge.JeSy %%%dcﬁﬁffﬁﬁ At least two different analytes. 20 7. An
optiCal sensor devicCe according to ‘claim11, wherein said anal yte-perneable
indicator matrix is illum nated substantially solely by direct

i1 Tum nationy frgmagidahi 9sS$0WeG8ceZccording 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.
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8. An optical sensor device according to claim1, wherein §§1i deid'oght
detector collects substantially solely direct fluorescence P PTum Rat i on
fromsaid indicator matrix. 30 9. An optical sensor device according to
claiml, wherein said |ight source is an LED. 14 8 June 2006 WD 03/ 050519
PCT/ USOYO/%38%78 10. An optical sensor device accordi R§TAUS2GPEF M 1, wherein
said light detector is a photodiode. 11. An optical sensor device according
toclaiml1l, 5 wherein said |light-emtting indicator nolecules are
fluorescence nol ecules. 12. An optical sensor device according to claim1,

wher ei n sai affl e L .Nes |.e ' VA fal LN . Whi ch said |ight
source and gla[?'d Ipingﬁg)%ggggc?%{rsogr g%f'%%\g?cg%fvﬁﬁgﬁsﬁ%uﬁ%%mﬁ sai d subs?rate,
and said waetempsice siegdf diglet detectsai ts cawhdtesdiods: An optical sensor
device according to claim12, 15 further conprising a transparent fill-in
material fornmed over said |light source in the cavity in which said |ight
source is | otkht edn wipsierh senspn dgmsparaegording tpnchad®erical has a

refractive imﬁi&b%faihsligy@%ﬁ%&ﬁblyn@m@ioxt ollBeul&d rac i ve index of

said 20 wave e, such that said I1ght source is in effect nounted within
sai d wavegui%@Olﬁzﬁ.wﬂﬁeo@?%@l‘l%nsor devi ce according to claim 12,

further conprising a color-doped fill-in material 25 forned over said |ight
source in the cavity in which said |ight source is | pocated, wherein said

col or - doped 134 | 1A% PRF&eel | 8PPERIs 8VEEP oR ST A SRAPHT™R dt‘a peak
wavel engt h epssdion Rhgsaherld Hrisedr 8. 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




30 15. An optical sensor device according to claim12, fur%m%k gprising
n the

a color-doped fill-in material forned over said photodetector i
cavity in which 15 8 June 2006 WO 03/ 050519 PCT/ US02/ 39675 said
phot odetector is |ocated, wherein said color-doped fill-in materi al

functi oW9385951% j | ter to block a predom nant wavel eR§THS@R¢Bed by said
i ght source frominpinging on said photodetector. 16. An optical sensor
device according to claim 13, wherein said fill-in material is a polyneric
material. 17. An optical sensor device according to claim114, 10 wherein

sald fill-| ”sa’g'%f gh%%déé%ﬁo‘}o!i%”%kgt@t ‘%Iﬂe%inlgaié\%&%tﬂ-%geae“5.Or device
according to ¢clarm 15, erein sai iT1-Tn materTal 1's a polyneric
mat eri al . 15ild-iAnmapertal wgsorndews ce fHdterdiagetecklaai m 12, further

conpri si ng Y i r r I } e in the cavity
in which saiapdg%dlog Fggg&%ﬁéﬂlngftﬁo%}g?%%@m%ggﬁ gié d fil -Ci%n material has a
refractive ifrfax 1mRapgirg |awsaidhrhotedetagtoget i ve 20 i ndex of said
wavegui de. 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 refk@ct PeoPbbcihdenser davicoarrsprcdey 4g 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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