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1024 OPTCELECTRONI CS LOA() 102 EXTERNAL INTERNAL UNIT UNIT N COVI?2 eBember2004
| NTERFACE COVPUTER (57) Abstract: A quantitative neasurenent systém

i ncludes an external unit (10l1a) and an internal unit (102a) are provided
for obtaining quantitative anal yte measurenents, such as within the body.
In one exanple of an application of the system the internal wunit (102a)
woul d be inplanted either subcutaneously or otherwise within the body of a
subject. The internal unit (102a) contains optoelectronics circuitry
(102b), a conponent akpnatvired seRYORDEROCOIRING €Tl afp MEtiPbescence sensing
device. The optoelectronics <circuitry (102b) obtains quantitative
measurenent information and nodifies a | oad (102c) as a function of the

obt ai ned information. The |oa élOZc i, t rntvaries t he amobunt of current
through coil (102d), which is g%&%@%ﬂ%‘lﬁ%@?—%om of the external unit
(101a) 5 (riflddfmedmteaatiof (101b) detects the current variations induced in

t he external i.l, (101f) .by the, internal cojl (102d) coupled thereto and
hpol o5t he doNHIEISR FIel 13 CHF B LES P dPT RN the QAU op el
counter (defdifg devicd HOTRIERY the Phedéded 6Lconddhdion Jrak aRAIRE ﬁféli({tﬁh oﬁ%ageoﬁg gnal
into conputer-readable formal for inputting to a conputer (10le). 29
Decenber Bediumygach sy, 6z etmnply, the bumagdpdy.eMorreagieplapntthovrvestion rlates ta | i i t
for anmendiRgit Lhem P # LAl . o the
ol b B P AP e BT o
on CodBs amiyiuivnespiraiidnass funcipp ebihe Ayorgscenthintelsisy ofia flegrescamemliciqri ige of each

regul ar i f tte. .29 e 004 | NPLANTED-SENSOR .
'PROCESSI @@@ﬂﬁ%%ﬁﬁﬁ%%a%ﬁﬁ%o%n g’oaggt%én&égﬁo RENT S FPEPE “8F  Ehe

| nvent i oreifthit powery trtsemsor thelugh asluttively coupledRF epegly expitibdbly fhe propessimgssi ng t he
out put of .an. iaplanted sensing. devi.ce for. detectin he presence or
concent r at1BH g?e RIRCeSHag et '?f%’é’ef P&ﬂnau%‘rﬁcﬁ%@%'ﬂgla%ﬁéﬁq a5 SR & f or

exanpl e, thépatuirgie phedisingMaeatparticularly, the invention relates to a
circuit and nethod for processing the output of an inplanted fluorescence
sensof>whi ch indicates 10 anal yte concentration as a function of the

f 1 uor escegdckbidti@nA#ity. of a fluorescent indicator. The
U.S. Patent 5,517,313, the disclosure of which is incorporated herein by reference,

describes a fluorescence sensing device comprising a layered array of a fluorescent indicator
molecule-containing matrix (heteafter "fluorescent matrix"), a high-pass filter and a
20 photodetector. In this device, a light source, preferably a light-emitting diode ("LLED"), is located
at least partially within the indicator material, such that incident light from the light source
causes the indicator molecules to fluoresce. The high-pass filter allows emitted light to reach the
photodetector, while filtering out scattered incident light from the light source. An analyte is
allowed to permeate the fluorescent matrix, changing the fluorescent properties of the indicator
25 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.
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
30 instantaneous measurements of analytes to be taken at any desired 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.



I mpl anted fl uorescence sensor is a passive device, and contains no,power
source. The processing circuit powers the sensor through inductTVgﬁ%xﬁmm”mM4
coupl ed RF energy emtted by the processing circuit. The processing

circuit receives information fromthe inplanted sensor as variations in the

| oad on the processing circuit. 15 Background Art U S. Patent 5,517, 313,

t he di sclosure of which is incorporated herein by reference, describes a

fl uorescence §eRp f&%@&%&ﬁﬁgﬁmﬁfoﬂn&ﬂ?ﬁ 8?%%}%?2?’ b@}h?@c}’ iOfasdo bk ?&H%itf,f)ﬁ'&ma

i ndi cator nol ecul e-containing matrix udrescent matr |
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preferably a. light-emttin lode ("LED'),. s laocated, at |least partially
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per meg sotrQ%vIl uorescent matrix, changing the fluorescent properties of the
I ndi cator MSterial in proportion to the anmount of analyte present.-The

fluorescent em ssion is then deE ect ed anfd nmeasured by the photodetector,
t hus providing a neasure of the I th tion of anal yte present
wi thin the enviheniiceQtith el R Rl
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devi der retri¢ting bddsmataint foem assebsortdemmeysiyprising an imdsranlsenkor wnit fot bekivg se, to

al | ow 30ab.nstar]t aneous neasurenments ?f an@:f tes to be taken at any desired
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i nf oraseerdencawithisersdr neabreusatinformatms dhtaibed b said semsdr kironit; anhexteaali ng
devi ce., .B use of the .size,and accessi,bili consirain on .a senso
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power supply. Therefore, there is a need in the art for an nproved sensor
devi der dmpingseidderond ¢l toodguceraichayging eufrent ineaidifowt ogl, dad a deteotor fitwe
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unit for taking ) o o
processor for receiving and processing said information signals.

In accordance with the second aspect of the invention, there is provided a sensor device
for detecting the presence or concentration of an analyte in a medium, comprising:
an enclosed sensor body having an outer surface surrounding said sensor body;

a radiation source in said sensor body which emits radiation within said sensor body;

an indicator element having an optical characteristic that is affected by the presence or
concentration of an analyte, said indicator element being positioned on said sensor-body to
recelve radiation that travels from said radiation source, and which transmits radiation into said
sensor body;

a photosensitive element located in said sensor body and positioned fo receive
radiation |
within the sensor body from said indicator element; and

* an inductive element located in said sensor and coupled to said photosensitive element,

said inductive element being adapted to receive from an external inductive element a magnetically

2



guantitative analyte neasurenents, including a first coil formng %ﬂ$t o% 3
power supply for said sensor unit, a load coupled to said first colTccoRAY 2004
a sensor circuit for nodifying said load in accordance with sensor

measur enent information obtained by said sensor circuit; an external unit

i ncluding a second coil which is mutually inductively coupled to said first
coil upon said second coil comng into a predetermned proximty distance
fromsaid fjrst coil, an oscillator for driving. sald second coil to induce

a ch¥picAg e G T h O SPBP 1320 e P Sa‘élrﬁﬁn%{)fdjé’ﬁ’&?t and baing furghes edanted to
vari oad in
L5 AR ot AT SSREPI Rl LA A N IRRRPEPs B dri

cor r espontofitgdiation acativedds elhdpheesemitticlepémcessor for receiving and
processing said inf ormati on si gnals. In accordance with the second aspect
of the invention, ere is t:ﬂ ded a s%nsor device for detecting the

presence or colﬁc?éﬁ‘i’r é?qeo‘ﬁlﬂéﬁhf‘a irgl BSpeat OF the 15V eRioN, Hhere srpevisied pparptus for
encl o .@&g surroundi ng said sensor body;
ar ad?@ﬂ?@ﬁgzﬁﬁg@nnﬁgﬁ %&é%@é&ﬁ%@fﬁ% Ch emts radiation within said
sensor body, an intachat sgreor mhmfmwthhhgqhangltaﬂnv@mdlﬁaImédaafemﬁrﬁ lirgdluding Bdirst S
affecte resence or entration of an analy sai d indicator

el eneﬁ‘? Oﬁ@lftﬁigﬁri ?fﬁqwgrﬁuga Yotos 831d §en96 ¥yt pload @eml@d Fasaid firg sotlypnd a
trave ¥ d r '
senso%&ggdgll;mlg@g h'g{ 0s ns% %P(\l/gﬁg lg%g%?ﬂg%égau{igg S%Iﬁagg{%gﬁgﬁggfrlﬁg%rg{%ugﬁE)%tﬁﬁé(p
posi t bpsad stusor erenit, esa'rcbmbnadm mrcummcljudmgtdmgm chatndd daiecfor oespsaside toahatweor

el enent ; and nductive nt cated. in said sensor apd coupled to
sai d PIBTBERA rg b are SBhet ek RSP CEASpTsESpgment
recei ﬁﬂoﬁmmnaau@ﬁwf@a d di gy ‘éhlerﬁel alet%%%n@sﬁa%ﬁ}én%@'c e%da%cﬂe?ﬁaﬁger
2004 induced electric current for supplylng power to sal sensor dev

and bedmbintdin kad sa@w)pntﬁbrmatiom fﬂtunedllfylngaald lead;er nal inductive el enent an
el ectric current Wh'Cthﬂ unt of .radi

ot f th
recei ved BYCEEIN! PrbIsL es i Icé’ﬂéﬁf isr%g'é@‘@l%}’ H"th@gna}"’tcﬂuf’lﬁé i@ Fﬁlag L coil
aspegporPiaid §&ohd BN bRl plﬁ&%lr\%thl% Pphredteesinte B?d)éﬁ‘l'dl;dis%ce Bk $8Y FRg coil, an

infornmation froma sensor devi ce, conprising: an | nt ernal sensor unit
t aki @@ﬂéﬂtaqur tdamugéaah%ﬂcyné co e urcbne atchargmg;cturmmgn said firsttcoilcand a fletecton gar

art r d se oad u 0 sad first
Por | déteifhelHalinBh B opt SRR ioRS R inosa bl chifes 0 588 il pervin
sensskrns@i&ﬁﬁﬂémtpmﬂﬁﬁfgrmfdrﬁ{au@htsa%ﬁ orR¥pSitlifs 36888 ok SHaisbs; 2841 d
sensor circuit including a signal nnel detector responsive t0 anal yte

a processor for receiving and processing said information signals.

Brief Description of the Drawings |

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:

FIG. 1 is a block diagram of one preferred embodiment according to the
present invention;

FIG. 2 is a schematic diagram of an internal sensor device unit according to one preferred
embodiment of 1he invention;

FIGS. 3 and 4 are waveform diagrams illustrating signal waveforms at various points in
the sensor device circuit;

FIGS. 5A-5e are diagrams of signals produced by me external data receiving unit;

2a



measurenent information, and a reference channel detector responsiz\égjto 004
reference neasurenent information, outputs of said signal channel XL 2
and said reference channel detector being conbined in said sensor
information for nodifying said | oad; an external unit including a second
coil which is nutually inductively coupled to said first coil upon said
second coil being placed within a predeterm ned proxi mal distance fromsaid
first coil, arflGo%uiaschaunticsssetionvigw plpndmiplinigble Sercsagnee-haged saofigce a

char gi ng N - sAal .irst coil, and a detector for detecting

vari ation%ld?%&gtt?glg oirllﬂosnféi d second coil induced by changes to said load in
sai d i nt er nal Fleehsarschamafic dingramof the Dnirekcenge-bakd senadr shows ingfial 8
correspoml‘lliué]%ﬁto sai del a éj r%héan esf;thand a processor for receiving and
processi Ny eRiRE RSy R BT ORORF YR e Y5t Description of the Drawi ngs The
I nvent son wi | IFIGes ardetafled Vigwwf dercatiod gortibi bF FISt € danasulthgtifernhiobiicybng
detail ed es&reig%i on. of a preferred enbodipent in conjunction with the
accorrpany"i""rgll@]‘1 %@gt,he SempQtng pgrefggred SpnsHyCRR Pt B SeasPHUtShIeHACHATY: and
thus -are not IF@i ¢ Blaisviendkic UG S8 MiekN\ERbI RRice A VMRS Baseh® 1 iS a
bl ock di agram of one preferred enbodi nent according to the present

i nvent i orbreferred engbodignent gffhe ipventiongandgr am of an internal sensor device unit
according to g6, ﬂrieaaﬁﬁfgidiaﬁgmmssﬁaﬂ{gV‘a&a%eb@velsw%%du%maa@fa% and 4 are
waveform diagrans illustrating signal wavetorns at various points in the
sensof 0 despimperator oETIG: 0 aFfheGstesior Gecugcclel thignghnits aperaipgnal s produced by ne
external data receiving unit; 2a 29 Decenber 2004 FIG 6 is a schematic,
section view of an inplantable fluorescence-based sensor according to the

invention; FIG 7 is aDletdikdMescrigtiongf dim Riefeiried HErbwlimsgience- based sensor

shown in FIG I Ll ustrat] t he ve qui de properti.es. of t sensor; 5
Fras s o odi ] Sk bl Plelma Ry Pt P PospRS B REi R R4 g
i nternal sesdol potdssifg sywtenhadeoiding tb @Ryprebntifents@nsor and a preferred

construction Qrf the sensqr/tissue interfage layer; FIG._ 9 is a schematic

di agr &M of an TRFERARNCRdeE Xt it Whiepd ap ol ARt 1 Q- do secaauplegiar er red
enmbodi MenippRdatibAI6f thé Rk, B inAd] [1iG02 Huldbe dmblarfed St} %E@téﬂebhﬂg'&t rating
voltage | évels of various termnals of the 10 conparator of FlI 9 as the

det ect or aipereige withipghedzody of 3 gefiect-t Thegplemat yndreonipiss gpioelectmaise pirgitrol2bi t he
Pr ef err ed, &LaheRHnIB hich may be comprised of a fluorescence sensing device as described more

fully hereinafter with reference to FIGS. 6-8. The optoelecironics circuitry 102b obtains

20 quantitative measurement information and modifies a load 102¢ as a function of the obtained
information. The load 102¢ in turn varies the amount of current through coil 102d, which is
coupled to coil 101f of the external unit. An amplitude modulation (AM) demodulator 101b
detects the current variations induced in coil 101f by coil 102d coupled thereto, and applies the
detected signal to processing circuitry, such as a pulse counter 101¢c and computer interface 1014,

25 for processing the signal into computer-readable format for inputting to a computer 101e.

A variable RF oscillator 101a provides an RF signal to coil 101, which in turn provides
electromagnetic energy to coil 102d, when the coils 101f and 102d are within close enough
proximity to each other to allow sufficient inductive coupling between the coils. The energy
from the RF signal provides operating power for the internal unit 102 to obtain quantitative

30 measurements, which are used to vary the load 102¢ and in turn provide a load variation to the
coil 101f that is detected by the external unit and decoded into information. The load variations
are coupled from the internal unit to the external unit through the mutual coupling between the
coils 101f and 102d. The loading can be improved by tuning both the internal coil and the

3



FIG 1 shows a block diagram of one preferred enbodi mrent of an inpl anted
fluorescence sensor processing system according to the present i riveffergper 2004
15 The systemincludes an external unit 101 and an internal unit 102. In

one exanple of an application of the system the internal unit 102 woul d

be inplanted either subcutaneously or otherwise within the body of a
subject. The i.nternal unit containg optoelectronics circuitry 102b, a
conponent e’g‘f’m ﬁﬁ’ ?PEVXHE&EIX%FTWE%" ne: ?@W@%st@ﬁ%qgémd%ﬁﬂl% as

descr i bedcifkeby iiphdpyiaRebaitinfidtbcitidubs. EREAKE BLEeit BrufthRuphida cibit
optoel ectronics circuitry 102b obtains 20 quantitative measurenent

Ul try !
i nf or mat | BRNSHE CRHERTH Pduces 2 PRt abothy cailf flysgd ewrranhis detseted andd
i nfor mat i @odelhfio O RESs inforfikiidy, vari es the amount of current through
coil 102d, which is <coupled to coil 101f of the external unit. An
anpl it dde rYDdLREi‘DSiC@htO('Aﬁ/fa deneeil 144 6 which iiylucetet amprest it hall Hi2dr & indagedat i ons
i nduced i i, i upled 1 hereto, and.applie h .
det ect ed %ﬁ{al%let%gﬁ%)dr@gae%gé%% %%,Zu?t(:lg)? rﬁl sedfeoysr e Bﬂ??@%ﬂjﬁﬁ@@&" %Fclsand
conput er ganemtefl b theldplot]ecRBnitxin thprfomests puiretdai mvipgalfrelidn0y varying as a
conput er - eadabl.e f.ormat for. inputting to a conputer 10le. A varjable RF
ooct 1| at o aaen of i e oF Bk RiEH by A Hubgc o R SHet ARe Hbs tngs
provi des afelemeitiodBRGIEpatente TRE Pilsd tirCBbdulk&ABe 10wl eMclih 8 n@hdrSo A03f and 102d
are wi,thin cl ose gg]rgggh proximty to each other to allow sufficient

i nducttPveeRBerpiy § % HEPUE BTpizal tqgroupch s chapgedpop 62 asi gnal
provi des QpeRhARG cRANSH thoburtdheiicabIemhE #te Hél:cBil 1674, IRreBP LA R §RL T Ve

30 neasurenents, which are used to vary tﬁg oad 102c and In-turn-provide a
| oad var i the in8gnetip figldsutrewsiding patetnat ¢ait 101 & This chengedn mpgedtie fisktcanseak unit and

decoded i i J: rq . Om t he
i nt er nal ﬂl}{ﬁﬁrﬁ({}?{ e éelg'%erﬁgﬁgéua%ﬁ)gs%/ rlgzgh'%pﬁés %?Wgﬁgg%%gﬁn{pﬁgl et ween t he
coi | s 10Xhodmiation. 0Pk follbreing eautiting desaribeb thei viojtageweeh doythé entéma] coiit h t he

i nter ngll coil and the 3 29 Decenber 2004 external coil to approximately the
sane flrequency, and increasing the Q factor of the resonant <circuits by
appropri & e IFongoM)&I4spn t echni ques. Because of their nutual coupling) a
current hanS{e_iél one COiéJEf’ [ nducfes a current in the other coil. The

i nduced cHIFent™ Y¥EgRPRETILe 3% 8k oded i nto corresponding information. 5
| am osci | | at & ck@dd ithhie tR8medckl 101f, which i nduces a current in coil

1024. The i nduced urrent is rectjfied by a rectifier circuit 102a and
used to power ZThEWsHANGe PERE PERAYSOH 02h. Data is generated by the

opt oebgct roni gs< kBpdhs ERYEOf a pulse train having a frequency varying as
a function of the intensity of light emtted by a fluorescence sensor,
such as descr Mheenutygl foductanee belsiseniie egilsd ' 313 patent. The pulse train

nmodul ates thegl0ad JA2% it P IBPBGE 8D @3,k 0 10 tenporarily short the
rectifier output tlér mnal to gr oﬂﬁ%. %l s change in | oad causes a
As shown by equation (1), there is a direct relationship between the voltage across the external
25  coil and the impedance presented by the internal sensor circuit. While the impedance Zs is a
complex number having both a real and imaginary part, which corresponds respectively to
changes in amplitude and frequency of the oscillation signal, the system according to the present
embodiment deals only with the real part of the interaction. It will be recognized by those skilled
in the art that both types of interaction may be detected by appropriately modifying the external
30 circuit, to improve the signal-to-noise ratio.
FIG. 2 shows a schematic diagram of one embodiment of an internal sensor device unit
according to the mvention. The coil 102d (L1) in conjunction with capacitor C1, diode D1
(rectifier 102a) zener diode D2 and capacitor C2 constitute a power supply for the internal unit
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correspondi ng change in the current through the internal coil 102 t her eb
causing a change in the magnetic field surrounding external coil “Zffember
This change in magnetic field causes a proportional change in the voltage
across coil 101f, which is observable as an anplitude nodulation. The

foll ow ng equati on describes the voltage seen on the external coil: 15 V =

I[Z + 2){ Zs]. .where, V = _vol.t cross .t he extern cQjl |.= current
i L t he( (e%r #é'fre‘bdi%]mg@ @H&éhﬁ‘@ﬁ?‘ﬁ?ﬁwﬂhﬁm%ﬁ Fgﬂ %%%Oﬁq%'éfﬁency
(rad/ sec)10vh GeBLGIA id BsbustANCRe DL MBERMBELED] il oéfacitol OReLBREELPhiche
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i npedance;gf; | i J L. i ' ce Zs
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oscillati i | ding. to the.present . enbodi nent deal s
only wt hV%p ﬁ%l cgre&gﬁ Ze%%r:ﬁod%ﬂ ﬁféh‘?ﬁ? gvﬁlg!'ét# Bon&nfhtw%\l/l\nﬁltﬁ * eéserbée(’: ogormlgﬁmﬂy t hose
skill ed prevetdtives the taphbitt (2dtdm beppemhgeiveichirgsdawith eipetrty ileenabhnt hbcwiye
appropri at ﬁlﬁgsfm'?* f¥i ng the external 30 circuit, to inprove the

si gnal -t o°HHESE PAFFS"™ FI G 2 shows a schematic di agram of one embodi nent
of “an i nt er nalvosgnRsesulsteriisaedves the 36K GioROcabaeifoN€2 hitRbduce fuaéla%ugﬂﬂ
102d (1L1) in conjunction with capacitor , diode DL (rectifier 10Za)
zener 1@ o@BageV ariel theapniorertng iopuies aperitianalanpliiera(. Jhp pltpuifigmindhef that er nal

unit 4 29 enber 0] 02, reent.. i.nduced i.n,coi i, by the .RF voltage
appl i ed t° %ﬁ?@wﬁ%&ﬁiﬁfﬁ %lte%%c lfqhé'f’%f%gn%%‘?%\e @‘gi\) ) H’ %f%ﬂﬁct‘?%smtsgéeﬁnat ed
in the L-vEhafekdbhel ruistobR1.| Theinekridrgiaputtaminal of dpeetibial adplerdope D1, and
filtered by capacitor C2. Zener diode D2 is provided to grevent t he vol tage

being  afpPRlsd W thewoliaes astnse Ritp teesby seapiaigyth ovrisel henveh AFRS024udhrBe 5
vol ts. A%g%(;ndg]sgl)@pst}?%{s cruﬂgrﬁf Iégl? %ﬁﬁ&eﬁ%oﬁLﬁ%%Og ast' ci&efnt 5 0&‘? ge%lsér %c% hoE > >

capaci t or 0 excee he reverse breakdown Vv age o zener
di odelP2 shalimycked Bhses the seb@rievitaro eodidight as anfuidtonoéthe mmeudiné thk gamioulre gi on,

o AR SeRERL 2 e PR M FRLERS i Shssee (o the

resistor 203, whose resistance changes as a function of the amoumt of light incident thereon.

Y004

Photoresistor 203 is connected in series with a capacitor C3, and the junction of the photoresistor
and the capacitor C3 is connected to the inverting input terminal of comparator 204. The other
20 end of photoresistor 203 is connected to the oulput terminal of the comparator 204 through a
conductor V... The output of the comparator 204 is also connected to a load capacitor C4 and a
resistor network R2, R3 and R4. The comparator forms a variable resistance oscillator, with
switching points determined by the values of R2, R3 and R4. C3 is a charge-up capacitor, which

determines the base frequency of the oscillator for a given light level. This frequency is given by

25
f=1/(1.38*Rphoto*C3) )
Rphoto = szc[l 0"“"3("‘(”"] (3)
where Ry, (=24 kQ) is the resistance of 203 at 2 footcandles

30 v (= 0.8) is the sensitivity of the photoresistor

a = the incident light level in footcandles



Vol t age regul ator 205 receives the voltage from capacitor C2 and uces
fixedgout pgt 10 voltage V,,, to the nonlgnvertl ng Pnput of operati 883?[36‘“1’“%004
anplifier 201. The output termnal of the operational anplifier 201 is
connected to a light-emtting diode (LED) 202 connected in series wth a

f eedback resi st or R1. The inverti ng I nput term nal of operat i onal anplifier

O e BP0t 0B SRR g S GRS B . o

emtted fdonfuntim ﬁﬁieqlﬁumm@b dmwghomernlm &0 DS déterfBNddRon{ ﬂequeﬂ@ r@sse,and

causes th ansor de%l ce to ej‘?ﬁ‘% t as .a_function_of the amount of the
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functign of the anpunt of light incident thereon. "Photoresistor 203 is

connecfed in é]a]lelCE%lPWﬁth% wafshesite 8 higgutpahnhen\imem ¥3, disomp =t\hamd Virip
h *
phot or esi "S 0)3. Y acﬁt@?(ﬁ@ tb%ar%@ndtﬁhﬁlg @&%‘%ﬁ%ﬂoﬂhﬁﬁn | er% ﬂ%oﬂg&l%g;

t erm nal conpar at or . The otoresi’s
connect edl\t'/& ﬂterwnwatmltswztéwmwg$ tooﬁIOWhetpubnlpﬁagiagéﬁcomﬁm Veomaprg B, and Vagpduct or

Vcomp. ' T o] t 1S a ted

capaci toﬁgéﬁlq% :}}/3 AF%% B nqra_a,% a5t Ika%%gthmﬂ%hg% ereéghgaaﬁlgi%ffpef%r s a

vari abl e as'abhﬂhda,nmm ths ﬁedldead:)dremg\ﬂetehmns&\by afuiathap (Q))I]mmtmhef axl afafkctioy of he
G3.1s,a charge-up capacitor, which determines the

I 4,
\égsgeﬁpedﬂ‘gﬁﬂﬁéﬁ PR 5P F for a given light level. This frequency is

gi ven by 25 f x4l f load 3436 WHicldudds aRRR8EeRcrosf 2] eMetRasélvitih Me2bmphibaitt
where R2fc (= 24 kC) is the resistance of 203 at 2 footcandles 30y (= 0.8)

i s the scndrkssstatsy- &ﬂnﬂ%bep%{gaﬁl BrendVolp Vdg whep pampasgioridrswitphes to mgm in
f oot cand| Rgub1esd saeé: efaQinral Aftofehlsd i oihplidd pyrén c%uigm&m@ge iPosdebgs M ne

the intensity of light for a given phot oreS| st ance; conjunction with
equat i on degtpaset Fhis(in fine causesenTent jo B tenghaectfied 10 torbeem chargingeapagitorf

cour sgs AN en Yl g %lggtxa«cs}leapsqxgd&f (1 B! &w&gqmm aﬁ?mpl?)lz Rk 18 BiDOS S

of expl anafi on: ues ‘are on tire basis of "the par |cuI ar
photoresusﬂantedgﬁonimirrwemmih&amtmécml;laQifaﬁgTdﬁmbyO&qmﬁmnz(lpr 204 switches to

begi ns (o ChatJesdevroeEnE: L5 RupRBTR, RN Rt A O Ahverl e Pelice “2v/3

the co rrpazbhigaronsﬁm t:h}einﬁsl sdhaivethe kanapdl@Wwnabd eitdmal edsialrgf ngd Ye@aput 6F tleonp =
0, and Vtyr.i

= V/3, At t W | | scharge t hr qugh
Pohoto. | ARt b Bogm e shanped e ranfed L Shasrs g aput o € Forenseier BHitoncy
bei ngagletoaiwiaerd AV dRaUakiheNowmk to DRAAE Qavatdpssle aSbang HO&EdcaBy 8 ltigital

counter. FIG. 4 shows two complete operation cycles, with the same channel designations

indicating the same points in the circuit.
The external unit 101 uses a microprocessor to implement the pulse counter 101c. When
sufficient data has been received to obtain a valid reading, the processor shuts down the RF
25 ogcillator. FIGS. 5A-5E illustrate timing diagrams for a measurement reading. FIG. 5A shows
the envelope of the RF voltage signal applied to the external coil; FIG. 5B shows the waveform
of the internal power supply voltage; FIG. 5C shows a waveform of the intensity of LED 202;
FIG. 5D shows the output of the AM demodulator 101b; and FIG. 5E shows the timing of the
state of circuit operations in accordance with the power supplied to the sensor unit. The internal
30 unmit power supply ramps up as the field strength increases. When the power supply output
crosses the threshold voltage of the LED plus the feedback voltage, the LED turns on. The AM
demodulator output contains the measurement data and digital data in the form of ID codes and

other parameters specific to the subject in which the internal unit is implanted. This data is

&



10 incident light, given by equation (3). C4 is a |load capacitor,ﬁ\ggﬁch
causes a voltage across C2 to decrease when the conparator switc ecember 2004
states. C4 nust be charged from OV to Vdc when conparator 204 switches to a
high output |evel state. The current through C4 is supplied by C2, causing
the voltage across C2 to decrease. This in turn causes current to flow

t hrough’ rectjf.ier a to begin charging capacitor, 15 C2, changing the
i nst ant an@§ dl%él?l]gﬁ velfage P’&%’V! H'E?‘f e‘%ﬂ%ﬁ&%@?q&%g@f#&!@@s}epﬁmfmhi S
load is \R/Efihi%%ﬁl@&%n'tiﬂ&aﬁiohfaﬂd parRBdaNERagflcirbilR (BotlsBewd! TEOUibitA Cirkifits 38 @k VeN

by equation ( The sensor operation for a single pulse s illustrated in
FIG 3. Crawelage i geyeraieapprorrigipflodegdensls. C2, channel 3 shows the same pul se

on the exter n%%&gﬂnrﬂsgﬁ%? ABgstRe 0P Yha fagﬁ Q&mém qaﬂa%%%%ﬂﬁﬁo%hm

at channel 2. anne shows the output o onpar at or | converts
t he AM deseosiantat Blris sdrpation is refurgeflizlome widvench agdiok er @fantietivegnesaemssted by a

digital nter. Fl hows..t.wo conpl et e ration cycles. wth, the same
channel d@{s%i%b%‘a Siaf)encslocék?%(c)llllstg glts‘lmr%%hl?%%msla ? "\?ﬁ%&m’l lﬁaﬁ?\get\@fgiﬁﬂff ‘fc.'n%f?ﬂi‘{]

ext ernal lumiitig d#t@Jpredefisedopoint & ihp meawSReht dequdnof | EHIRPSintliNdetdtddS L tHe RuREAT

101c. Wen, .sufficient ta, has heen received, tp obtain a valid reading,
the pr océ’é’ét J‘s%?ﬁ‘f‘%g ?ﬂﬁ%%f’%{’]‘ n%go%?ﬂofllp%‘feé‘i".n esput gata sjreany. | Thed Pyt e
timng diRghers ukélito daRBSaBRE subRRE4NIGe plev&it dRfcsiPen whittvdby gloppe Of
the RF volfage signal _applied to the external coil; FIG 5B shows the

wavef &f mSuBiects prs it thedichly o disrtesabpniy, Thsicalibsationfpctors sie applisddo thewavef or m of
the inte'lﬁéa‘s%eﬁfant'ﬁﬁ%@ﬁi%ﬁto@t&axﬁ%ﬂéfé@%ﬁ%éﬁic%ﬁk‘t of the AM demodul at or
e

10 I'b; and FIG 5E shows the timng of the state of circuit operations in
accordance w thsensps 19 acgording iopne esgect of tha énvsatipnowhigh operatfhims¢darngbaal 30 uni t
power su . L e | he power
supply o%ﬁﬁets éeagér) %fs%{ggeg?%téﬁtgﬁéﬂggﬁglleéﬁésbgg I}a%}?aﬂ gifCPr Iﬁﬁ%eﬁtifﬁmpﬁ%glsd Phe g%seeglback
vol t age, of heersibadyriAsa matrix Tayer \oatté modt theadxtarionsitrfacd ofdladeadon bodyhi,

ta and digit ta in. f 1D codes.and oth
par antt er G BRe AR b iBleotiEL bR B B arain p€4 Bt ant ea

Thi s dat &.d. an BEROthBeeenhadiatR0ikclhdiog exiihten over b havEngnobirage of Wghadngtir ough
time divisiqn nult‘ivﬁ;é&éilj%ﬁ of the optoelectroni¢c gutput wth digital
i denti fi CHESPORIEASH cafor godpenlge L&y e ease pintludtessdiss-Daseh engorgh t al

Ci I CUi t'S viSBlehdIR or g/ w-AaBnd vARELEBEAhSRAICABY nBleBul& 1BGK 156:808! SaaThe
i nternal storage circuits can store |ID codes and paranetric val ues such as

cal i br at iPhptoseysiEiznelement 20, ey jadhptadieciar: Weh. i the easgohe Huersseiepeiptad each
readi f9 QbnsBANehditNd ¥ SubRASMIRAPANitted e SaRARE ool ] PEKRHOHLRY i
g fromanalog pulse train loading to digitally controlle
generated in response thersto that is indicative of the level of fluorescence of the indicator
molecules. The sensor 10 further includes a module or housing 66 containing electronic
circuitry, and a temperature sensor 64 for providing a temperature reading. In the simplest
embodiments, indicator molecules 16 could simply be coated on the surface of the sensor body.
25 In preferred embodiments, however, the indicator molecules are contained within the matrix
layer 14, which comprises a biocompatible polymer matrix that is prepared according to methods
known in the art and coated on the surface of the sensor body. Suitable biocompatible matrix
materials, which must be permeable to the analyte, include methactylates and hydrogels which
advantageously can be made selectively permeable to the analyte.
30 The sensor body 12 advantageously is formed from a suitable,‘optically transmissive
polymer material which has a refractive index sufficiently different from that of the medium in
which the sensor will be used such that the polymer will act as an optical wave guide. Preferred

matetials are acrylic polymers such as polymethylmethacrylate, polyhydroxypropylmethacrylate
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| oadi ng at a predefined point in the nmeasurenent sequence. This pagint is
detected in the external unit by detecting a predefined bit 29 December 2004

- synchroni zation pattern in the output data stream The ID nunber is used

to identify a particular subject and to prevent data corruption when two or
nmore 10 subjects are in the vicinity of the external unit. The calibration

factors are applied to the measurenent information to obtain anal yte
| evel s i nanglithelilesa pod prlicarbopatessnelons th@e sld ondtr fhg tadensmie Learsip@c (The Mmatekiel
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enbodi nent s,. howev t he |n$| cat or _hol.ecul es, are contajned within the

matrix |AgHpcep (E‘ﬁasl%'é‘}ﬁﬁ fgedo & digroennisael it ergnnkiootaell fabq hat i s
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sensor body 12 advantageously 1s forned froma s
transm s<ingapplisafionfer therganagri §uchmﬂ1@quas1ndudee¢wmcanv§ccltatdm>ané arirfaccl ently

di fferen lafsfng%s%ﬂa%?ﬁ% B}&ﬁaﬁdl umin which the_ sensor will be used such

that the polynmer w act as an optical wave guide. Preferred materials
are acrylic palsyinmmsstxamd by BEG. Bohtylesst doylew the dightydnitiel, by the fluorescent mdlcator

ol il b SHPREEY R it fadd G R FP e PRk R s Y oot
mat eri al swddde ¢gwdith feagticaioitiosefRn BBt ) obiie agixadt &4, a®Mustpitsdia rédofor( 1. 0.

O S AR R s Y SHAEs b BE t Do o e

fR I gor tes C @Y radlib @t en@ittd Byafle RMiatilesduR@i18d, akd, ¢ @6 Hidﬁ‘ﬁon ERitleli BY Ble thdifiagh i t.
adi ation
source, some will strike the interface between the sensor body and the surrounding medium at

25 angles too small to be reflected and will pass back out of the sensor body.

As further illusirated in FIG. 6, the sensor 10 may also include reflective coatings 32
formed on the ends of the sensor body 12, between the exterior surface of the sensor body and
the matrix layer 14, to maximize or enhance the internal reflection of the radiation and/or light

. emitted by fluorescent indicator molecules. The reflective coatings may be formed, for example,
30 from paint or from a metallized material.

An optical filter 34 preferably is provided on the light-sensitive surface of the
photodetector 20, which is manufactured of a photosensitive material. Photodetector 20-
corresponds to photodetector 203 shown in FIG. 2. Filter 34, as is known from the prior art,
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5 source or LED 18 corresponds to LED 202 shown in FIG 2. As shoggl%g 2004
Figure 7, radiation (e.-, light) is enitted by the radiation sour emhey
at least sone of this radiation is reflected internally at the surface of
t he sensor body 12, .g,, as at location 22, thereby "bouncing"
back-and-forth throughout the interior of the sensor body 12. It has been
found that |ight reflectied fromthe:interface of the sensor body and the 10
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t he

device of course could be larger or smaller depending on the materials used and upon the
intended uses of the devite. This configuration permits the sensor 10 to be implanted into the
human body, i.e., dermally or into underlying tissues (including into organs or blood vessels)
25 without the sensor inferfering with essential bodily functions or causing excessive pain or
discomfort. _

Moreover, it will be appreciated that any implant placed within the human (or any other
animal's) body -- even an implant that is comprised of "biocompatible” materials -~ will cause, to
some extent, a "foreign body response” within the organism into which the implant is inserted,

30 simply by virtue of the fact that the implant presents a stimulus. In the case of a sensor 10 that is
implanted within the human body, the "foreign body response" is most often fibrotic
encapsulation, i.e., the formation of scar tissue. Glucose -~ a primary analyte which sensors

according to the invention are expected to be used to detect -- may have its rate of diffusion or
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filter allows fluorescent light emtted by fluorescent indicator | ecul es

to pass through it to strike the photosensitive region of the de?@&#ﬁ?merM4
This significantly reduces "noise" in the 5 photodetector signal that is
attributable to incident radiation fromthe source 18. The application for

whi ch the sensor 10 according to one aspect of the invention was devel oped

in partlcular -~ alt 0 nean only_applicati for, which it is
sui t abl e T& P‘gth’ﬂ‘ge ﬁgh 5‘%@9&‘6%3‘% e]é‘é? Eg{%’g’gfﬂiﬁgébﬁew}l‘%ﬁﬁh’éﬂe”é’ody,
e. 9., gl ugRSemaPr}een iraté Qf(dlﬁ&smn Mgﬁﬁﬁﬁdefe@b? s&th kGRS endigdldion 8 WERNES,
and ot her_netabolic ana[t%; The specific 10 conposition of the matrix

| ayer 14 BHsissHerly hefaes cefip fosminedhe Ayopegcpspiptionises tissve) was be Heite
parti cul age analdie cﬁlﬁﬁvesrﬁ@cﬁ%hc'cﬁar%&ex%ﬁcélﬁ‘%&e:}t?mﬂ%&% a%gc{lﬁgs w‘er e the
sensor is to be used to detect the analyte Y A in
subcut aneous tTosweeseine thiypepterdinbhindrancede o debmwosm@themc;atorméecuhato t he

matrix | . il [g. 0 a Ieculestothe

anal yte %goﬁétéﬁﬁﬁ% It%%{b I'C g‘?%ﬁ%ﬁ%c LerF f%‘%%m@gs]g 4: ?‘lcor rﬁjto CBY GPT %?’ecul es
(e., the Whiviels pefhapd th@simlbelmpproaéh falsensbmemmeﬁﬁ:ellijdt cawefyindihe sutesof are a
functidn f t he .concent.rat.i an,.of th eci fic analyte to which the

i ndi cat or ?‘r‘fﬂ éQ{&ngfgf}Ug/ a dg%‘&ato% ‘islﬂ?eﬁf?]@e ithe fngicgfor molepilesitian

body, thensenaped &Eecﬂy 8n frerstiste o iRfsersBbbody, dridvalysiat AnfobbOoRdmatkix’ Ounded
shape. Advantageously, it has the approxi mate size and shape of a bean or

a phatfradaysr it¢ henje adicatos molegples afe centam@f&th?rgmoﬂsmmarsﬁi dem watar@é whichmat el y
300- 500 ZQudxk GHRP adcCpiAP 94k B GLYC &cépshaﬁal tb'foﬂn? nﬂwﬁ!ﬁuﬁg&g chhe order

of appr oxi matela; 300 ‘mcrons to approxi matel I nc D W th
gener al | ynaeninb Scrﬂ?édmkfb%lh@(ﬂﬁffaé%hawt@agh@meﬂsme thdd@ﬂdd’ﬁnme coul d
be | arge i_:gﬁ@ ith and he intended
uses of tlﬁ%b evil Lléﬂﬁgbllg|ﬁ§]€ﬂcr\’i(;)} n ?}é)ggl’]g{l cpgdﬁ?%)rﬁﬁlﬁg E?‘}r%ﬁg}énsorﬂ%g‘%’}ﬁo be

i npl ant e dyidrphildslae destribred in Beahedy i “Teﬂqnngéﬂokyuleksyfon&oiagioal Usedg iChyintegh,t | sSsues

(i ncl | I nt bl ood vessels) 25 without the sensor interfering
W th g sre}%%) 0ltgg%ij(‘]qp;‘ffﬁlﬁlct|ons or causing excessive pain or disconfort.

Mor eover, it Mkhaﬁ&lﬁacéxﬁoﬂ/@ésﬂﬂntdﬂme layey thatisapospd afderdl lkjtksbft he human
,(or any ot her '

bod even @ | ant t hat i sed. of
o ocompapriattzsd arame s RRtehaficnt b tonited e 88 iemstiy srsho v IS, Bilgh body
r €SpOoNS e exihpib) the dehGrAEG MiteiMck Myer 3 hShintlhe thith kiebMyeksS 6h T8I 4083 6c. 3Bhesi NP1 Y
by virtue of the fact that the inplant presents a stinmulus. Tn the case of

a sensor Supjayesdpa, pdayey %Plaa&og@t%wwemw@hmﬁablmwadw@nab@ﬁ@nw ody
respogge matala!rﬁa% pethiiEfe Eé&ﬁ@ﬁdncof cﬁaﬁa% 4y ﬁftd f?réveﬂ asSibrotid 11 £ @B kieReOf

scar tissue. d ucose -- a primary anal yte whi C sensors according to t he
i nvent i oncanalagpieidt Soret kexBeVassdar Grttawatasicl (PTFRuDadmen® (FED Veseubar §iraft

diffusio ri'na%rla% v?tgcﬂ:fagg g&:ﬁ as%%r many years, and MEDPOR Biomaterial produced from
high-density polyethylene (available from POREX Surgical Inc.) are examples of materials

whose basic composition, pore size, and pore architecture promote tissue and vascular ingrowth
25 into the tissue ingrowth layer.
The sublayer 36b, on the other hand, preferably is a biocompatible layer with a pore size
(less than 5 micrometers) that is significantly smaller than the pore size of the tissue ingrowth
sublayer 36a so as to prevent tissue ingrowth. A presently preferred material from which the
sublayer 36b is to be made is the Preclude Periocardial Membrane (formerly called GORE-TEX
30  Surgical Membrane), available from W.L. Gore, Inc., which consists of expanded polyieira-
fluoroethylene (ePTFE). '
The third sublayer 36¢ acts as a molecular sieve, i.e., it provides a moleeular weight cut-

off function, excluding molecules such as immunoglobulins, proteins, and glycoproteins while

10




transport hindered by such fibrotic encapsul ati on. Even nol ecul ar e

(02),pmhich is very ysnall, may have itsprate of diffusion or traﬁ§3%¥?2m520W1
hi ndered by such fibrotic encapsulation as well. This is sinply because
the cells formng the fibrotic encapsul ation (scar tissue) can be quite
dense in nature or have netabolic characteristics different fromthat of

normal tissue. 5 To overcone this potential hindrance to or delay in
exposi ng #ievingte azalye onenabes of interest toasy tbgauglait teatina findicator ntokwoulps (eitbary

appr oacheg,.aly ﬁhrm ding h _is.perhaps
t he si npl e%‘rit%ﬁr ?gg@g’tc ,é%&lgée}r?g@f%?ssuebﬁ% ayeryeﬂ\ﬁg\}‘\gI |er1|§ t he
surf ace oknovinvellglesestype inenthrands, apgloithe $dme15edmhlmxhhsad1almisé‘ﬂmﬂtﬁﬁ cirtiigee| ves
when the indicator | ecul es ar. ed directly on the surface of
t he senso?a%%%ﬁsegéorrq%\}gﬁf}ﬁ?ﬁ@ﬁﬁC%t%%eegé the matrix 10 |ayer 14 when
the indi cat or ADWitilremgaized, dankaionRbhbMeEIC. 6 is W&ll?%@ﬂaérﬁﬂnefdrsﬁm #at no

i ¢h uses little or _acceptable,. Ievels fibrotic

~material
encapsul a‘éyp%"aﬂ &?a%cﬁx?ﬁ“dm opqut hThe senser hody githerde apP noverHAh I5BY9T (@24 he
| i t er at ur gr 8Svibehe 36urbd 1 $ of RAkASHE rs;gﬁatls ﬁoﬁrﬂf‘e sehsf! MASFM: BREGRERNMIsAkted .

Menbrane, available fromWL. Gore, "and i sobutyl ene coval ently conbi ned
with hyd%ﬁn?&Yh%h@é%MWﬂqﬁ%ﬁmwﬂF G&.1 oring Pol ymers for

Bi ol ogi cal Useg ﬂw:;?iuzﬁ , 4 ively, a
sensor/tissue |nte ce Iaye F@Eélg&n%g’ééd&g?mé%sfe%gfﬁéﬁgﬁggof

speci dpi zéﬁtﬂecmrwenlpabml e sxgaalevhmmlelsdetﬁamr 51 qndca\wfeledcemhemnei e IQGZ)I‘In As

shown in sen onltis int er

i ncl ude t@?gfeﬂgu qd%eenrtgg(%n Lé;' %get ?ﬂgéﬁ}ﬁﬁg{?% %Iﬁax%nl r Whl ch
pronot es the ﬁamrescbmgmcﬁmdi seqmbed@'tcﬂb Wulle ﬂnmdﬁmfvv@m aelllitds posaiblel thtt @artdhs

mat eri al gIE)erm sthe‘gﬁ{})& aﬂ(t% plllarle%gYmtom even as
fibrotic RS (e e@?F“F‘PyO PRSIt ffascul ar

G aft nat@[gnﬁuy(;ﬂﬁ'ﬂ{@ Dacron(r) (PET) Vascul ar Gaft nmaterials which
have been in use for many years, and MEDPOR Bi omaterial produced from

hi gh-dénsity pErgRERgd %%%@W?%W@dﬁ (*BRAEPORENX St compoparé operation exanpl es
of mat eri@lsic W8S e@e%&e%naﬁ%ﬁmael c&Rﬁtﬁnﬁ h}?temaﬂﬂ theRO5Br: BF SIBEHLHE €

pronot e ti ssue and vascul ar i ngr owh 25 he ti1ssue | ngrovvt n | ayer.

The subl aferpofabpemngyarishdesgnimehe lhmeedmyememﬂ;er Fings: dgingafiiprestendiol’'e | ayer
with ap I D@l I.f nt | Il er
t han theq%(%?@ngsls%rgé oﬁ é@h%& ti sg%meﬁérgﬁ&%%} E‘?‘%ﬁf@% tosjer% tgyepmr g@ent
ti ssue i niptevimtahion ¢f tbqr mdeator ynolprdbs plueagesrmﬂmmcwtlohltmmmwbﬂmty df Ithe sersob| ayer

20! ol B S5 BT e S Rl i

consi sts e&ﬁnﬁx@m@dc@edm*ememmﬂ dooldaBh by h&ldgo (:(ﬁﬁffdﬁ@te ofﬂldﬁedt ifdrT d hs ubl ayer
36C acts as, a no ul ar, si v S. a cul ar wej ght cut-
T oo PRt oo R it Seid e Bt HREn RolO FERL e gpiby s, *and

gl ycopr otchméteriditd & apparent optical characteristics of the indicator molecule irrespective of the

presence or concentration of the analyte. In this regard, exemplary external factors could include,
25 among other things: the temperature level; the pH level; the ambient light present; the reflectivity |
or the turbidity of the medium that the sensor is applied in; ete. The optical reference channel
can be used to compensate for such variations in the operating conditions of the sensor. The
reference channel is identical to the signal channel in all respects except that the reference
channel is not responsive to the analyte being measured.
30 Use of reference channels in optical measurement is generally known in the art. For
example, U.S. Patent No. 3,612,866, the entire disclosure of which is incorporated herein by

reference, describes a fluorescent oxygen sensor having a reference channel containing the same
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10 29 Decenber 2004 allow ng the anal yte or anal ytes of interest tzﬁ{gassb 2004
through it to the indicator nolecules (either coated directly on peemoer
sensor body 12 or immbilized within a matrix layer 14). Many well known

cel |l ul ose-type nenbranes, e.g., of the sort used in kidney dialysis

fi Itration cartri dges maybe used for the nol ecul ar wei ght cut-off |ayer

el 7 - cont U SEmiET AAT Fieoul S or AL VL BRERd HPRebR CORY B | ne

sensor- boehgmslﬂotrmait@nmpmye@mﬁgento t he sensor (, for driving the
source 18) or transm t mgnal s, fromthe sensoqr. of the electronics

i |l ustrated Mgﬁl‘@myowﬁé 2%6‘%?9’%%:?%7@9&11?1"0‘815? @S‘éﬁs% okpbighaen FIG 6. A
second prﬁzﬁ-{,&a@d ﬁé}@ﬁcﬂyrf@feienw‘ ddsBignel diygeia sb3rd &8n lfﬂéﬁt laﬁ‘glafuﬁevm' ch

Ia.
two 10 det ors are enployed, a signal channel "détector 90
r ef er efic ebaseskingieatorrbemistins go emit priwodiféereit mavelengthoch ﬁqémtln—h@eé hdivatorn FI G

2, a sin [ fr fl uor escent
i ndi cat o?ée?gndq?%'?c%é v é’g’%"’(}\%‘.‘ﬁ&?‘%ﬁ‘@‘ gg%?g&% Javv?)o(rij E%B%\%fn%e,y | ?%ghgb s$PB"e t hat
vari ous WiSsPajert dloc £894.959, He catpe tizniosure bf \@kucths atsh &dcorpaatedflieit bst he accuracy

of the sensor o originall I|b Ies of ch
G st ur barEEEnre drtkes M onRirdonpt inbric 4 St B cufromeRis SRl S
I ntrinsi ceeftain tacelSens oid ﬁaﬂ&orblsl&ence BMitted mmtrﬁéle&mdhieasma oRXlt@h Aeferd@ t he
sensor,; or .conbi nati ons reof . Internal variables may be introduced by,

arong 1Bt HEFss{qR sheRa hayng gw‘bg iigrrat %ﬁﬁ%ﬁl@%ﬂ OXVaR. a%HeaﬁG%lkyuPﬂ&érmwaﬁg@ga

af f ecti ngflifeis RS §@1§1@z_&a&&m@gmﬁ§ﬁ@a% ¥ telfdferRE t6 B0 BRHOSARS LA In¥hsiBLENBRL ;
deterioration of the indica nol ecul es; changes in the radiation

transm ssiatEnt Yo F.46Ra88 ankb 28732 ihrisntirpdisclomares afivhigh e alvaincpsporaisddereint c . ;
and changgSedfnQd Hé‘sﬁnﬁ@é‘%ﬁ&m&fl@'ﬁ&?} ,gc'e ogtggg sélﬁmgtnte%d eﬁ?rf; %Srefeiéﬂ.
u e us to ate

opti cal referencé channel co onpens correc? for

envi r onmentiedulefthgtinsubstaatiafly undtéected b:s oxyger pmrblhas ta@hbth®celﬂp®ﬁio)a ryih sipdilac tul d

affect .t r | SLi or, IR | . char stics of
a6 Bk AholBI8r ASLALESY NG RIeE . APBRT S0 9RE £8 1510 364 514

the indi cat respec 've of 1 I on of
t he anal yMerchl1896)hihe entrgaisdlosien efgdiial iy imstperanal hefadchoteferaio) ldesciibsl aide, 25

anong ot her things ute | | evel ; the_anbient |ight
o esant : TEREPRRE ISR O whiE: tiris LED IR R A28 S ens o

i S applleﬁlbﬂ ebgpler then BidicheAthafned E4E0ES R@drence phbtbRtcdBLhich
corrpensateefdg’?csu?hervarﬂ/at|ons in the ope?%ﬁaﬂg é%nr?dlﬁlﬁ ong of the sensor.

The r ef &FiEr ehaRaesiRdie LED fighiiiensity- o the signal channel in all respects

exceppot hat t BeadaRioR! B1%C PateBRNDEE0,059), e tenti8 ARBSIY §F WiRcH R SncBhRta¥de bei ng
measured. 30 Use of reference channel's in optical measurenent 'is generally

known i n bt byreferengg, describes forespent-basad sengor Kptaiging 2 pefgrewe lightmensuing
di scl osurgy R mMNueiRe hﬁanlg&cm&%@msi oP b 8kd3tall¥n light source -- see, .z, column 10,

lines 1, ef seq.

f'D

As shown in FIG. 9, the signal and reference channel detectors are back-to-back

25 photodiodes 901 and 902. While photodiodes are shown, many other types of photodetectors also
could be used, such as photoresistors, phototransistors, and the like. LED 903 cotresponds to
light source 202 in FIG. 2. In operation, comparator 904 is set to trigger at 1/3 and 2/3 of the
supply voltage V'ss, as biased by resistors 905, 906, and 907. The trigger voltages for compatator
904 could be modified, if desired, by changing the values of the resistors. Capacitor C2 is a

30 timing element, the value of which is adjusted for the magnitude of the signal and reference
channels. The current through each photodiode is a function of the intensity or power of incident
light entering it, as represented by the equation ISRP, where
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reference, describes a fluorescent oxygen sensor having a reference channel
contai ning the same 11 29 December 2004 indicator chem stry as the?? December 2004
measuri ng channel, except that the reference channel is coated with
varnish to render it inperneable to oxygen. U S. Patent Nos. 4,861, 727 and
5,190, 729, the entire disclosures of which are incorporated herein by
reference, describe oxygen sensors enploying two different |anthanide- 5
based i ndi cat dr @8R stries that enit at two different wavel engths, a

ter bi um based qugsﬁgﬁsggWQgh]?gW&H%hed by oxygen and a europi um based

i ndi cator being | argely unaffected by oxygen. U S. Patent No. 5, 094, 959,
the entire di Jt+betmewefinwaitsh i s al so i ncorporated herein by reference,
descri bes an oxygen sensor in which a single indicator nolecule is _
irradiated at a certain wavelength and the fluorescence emtted by the

mol ecube Inshafbasescade embodiie, the itideaniphtldweningshghiy Bioe did photvdiddag t wo

different,sepnsitivities taq oxygen. Specifically, the em ssion spectra
which is 4%? f%‘é}?&%%“@@*@%%ié‘%&ﬁfﬁ‘@gused as a reference to ratio the two
erm ssi on i nt engGt i8S a tivhisy diadtah SRwiNOSe vOlAS Rovai8 O AP brRinkR3042 D04 hgg entire

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

rat i onet ri0ée pf e FerapaRiery Wx Y i cidn spmdhaeaiigrilouhsf efpw derminad Pdednate
ol ecul e deb\ald (lotv SuhR bRARY, i x{o}’tagé{lg\fei %&?&1@%’ c® W%o%n%)loggsatlo ghe voltage

phot odeconposition rate Simlar he 1 ndrcat or

Addi t £@&ndeve)at inpptteaminaB?04bjs atgy3 Vssppusl ivsoltagolevel v nputdpmitd 9083 af Mar ch
1996), t j - LSC . | T . tein. by .reference,
doscr | beg 5 T BeEhag TG0 iyt B Rl BRIRHSE 0T RbRe L

| i ght soUiheeoltagediropectaesl th Hivreagibized phdiediods90il ds straplplite thrésholvoitagh, oatier

channel d to_ a.sepafat r hot odet ect or .whi c detects. changes in
Che  LED [t S pBRaRhabEai s SRR PR St fulhe H0SEG 1585 1 he
entire diimpingsigrupowfi. This clrrdnsdibchanephe aspditorU2ragh PatddF dvefier Bz, alagar i bes
a fluprescent -based ,sens ntainin reference |ight neasuring cell for
measul RO fRlags oY Al /A ang byl e 18 dorring tpeovgrivaiofEe - - see.
e.g., Ccolppmdible curtenii@8ulth in Bt e§iBfon £¥/dSRPND. i Shlﬁﬁ%for B Pi(he*é%)g(fi!@*m,and

ref erence channel detectors are back-to-back 25 phot odi odes 901 and 902.

Wi | e phé’fhﬁﬁﬁ odes are shown, many other types of photodetectors also could
be used, such as photoresistors, phototransistors, and the |ike. LED 903
corresponds to |light source 202 in FIG 2. In operation, conparator 904 is
set to triggefVatdiffargnegbgtveeBeanipataie trigagppdints (iolthesremple 4(3 ¥ss) bi ased by

resi s§prs 9050, ] Lgger voltages for conparator 904 could
be rm%q)fi ed, Fggg‘g}slﬁer%gg%pggérgggﬁfg#gﬁ% the val ues of the resistors. Capacitor
C2 is a 30 tidintmekesharge or dikchargal(asenaburedibicthe estemeljui) &d f or t he nmagnit ude

of the signal R%nlgsproﬁ;i%rﬁre i z?mpé_/watts) of the photodetector

At this time, the comparator 904 switches to a high output state Vss on output ferminal 904c.

25 The trigger point (input terminal 904a) is now at 2/3 Vss, and the polarity of the photodiodes 901
and 902 is now reversed. That is, photodiode 901 is now reverse-biased and photodiode 902 is
now forward-biased. -

Photediode 901 now controls the charging of capacitor C2 at a rate of dV/dt = 1901/C2
until the voltage of capacitor C2 reaches 2/3 Vss. When the voltage across capacitor C2 reaches

30 2/3 Vss, the output of the comparator 904 again switches to the low output state. So long as the
system is powered and incident light is present on the photodiodes, the cycle will continue to

repeat as shown in FIG. 10,
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channel s. The current through each photodi ode is a function of thei ber 2004
intensity or power of incident I|ight entering it, as represented By PHaber
equation |I=RP, where 12 29 Decenber 2004 | = current R = responsivity

(Amp/ Watt) and P = light power in watts. 5 In the fluorescence enbodi nent,
the incident |ight power inpinging upon the photodi ode detectors changes

w th anal yte centration. FIG 10 js a fim di agram _show ng t he voltage
| evel s of the(i?@P ?ﬁch‘%fﬂshgg‘gﬁ’ﬁe,nsgo%‘?a"%H]iﬁom‘g@j}‘cdg%fm’f ﬁﬂ%%seﬁq - emthe At t he
cycl e st adoinpataft® ouplit willebela08d didf eyl Ifhe irRid¥hi Rt SP4eh bRotddiodedcffagis( | oW

out put state), the voltage |evel of capacitor (whi ch corresponds to the

vol t age 19" PRk fegithq GapRpttor eiapge varens 0wl pe diffstentihan the eapaciin disshargasiuranfe

| evel of THPMknd @LIUhERh 1POR 1b Swibeir 68 caphsfor chited Bk { 8EABCR ghot odi ode
901 is_forward-biased and photodi ode 902 is reverse- BI ased. %e vol t age
drop aer ¢gRacithedisehaigg cerrst.aBecgussiin Bdiecdraclgris charged apd §istharget Hhediffalent

vol t age, | : 2 - itﬂﬁﬁ t odi 02, exhihits rrent flow
proporti ocﬁgﬁgla ?ltl)d %E@a{gﬁ‘éﬁigﬁﬁe% I'g ? nBI "?%5%%%‘”%6%%5?’ e.n%ﬁng%g%ﬁﬂgé vels

di schar gem thévevoqaotdictle ret@2orat Consequentipfthalldtyltyck df SRAhGRewarRlprddubdd bi5

reaches Vol t a leyel. af 1/3.Vss a hown jn Fl 10. .Inserting the above

equat i on ToroH g?r3§¥bsd8&8mvf gﬁ%ﬁap%esstsﬂe °R fhcidep hggl%@%ﬂg@/:%@% / C2.

Sol vi ng fphbtoBicdPatdinéideh) lighttohMye refordnes chathdé] phatbdibRl SRRSO LY@BRAS GRNPAr at or

trigggé pﬁgiirr;]t's (in the exanple 1)/&% é/f ) 20 C2 = value of capacitor C2 in

f ar ad$? diEdng npAceRE hapges th duty ey, %%S@%W%@W%cwpm@r&ée@matmgum t)

and R = hQ5ReBAMIrdon G kel MRkinSh 1Rfart (B8 pPBPLPLEE &L Misbsell Bzt i

t he conpar_a?‘gr 984 svvint cghges to a high out p('Jt”pEit ate Vss on ‘%ﬁsﬁu?""’?"rdﬁr’]ﬁﬁa|

904c, 25 Wilaotbe fyrher disewssed kergiput terninal 904a) is now at 2/3 Vss, and the

polarity of t Q | : . -@{35 ' S, .

phot odi ode 90 ?ﬁf‘gﬂng .reg@g%g%%lgg%glan t%ﬁ%ﬁ%ﬁ%%%r%ﬁ%ﬁ@%@%rgﬁﬁﬁﬁwTﬁs 1

f or war d- ldpaskdloadihpthe diterdel col 205 end tentetedting thechatyaigloadonfhecateanl dotir C2 at

a rat e of A = t e voltage o apacj t .reaches 2/3

Vss. Vhed %%({é‘qeaﬁoﬂuh%g tﬁla@?ég)lst%rﬂ%r:lézﬁﬁa'ci P a‘%ﬁg 1;%5081 H{éeg b Isg’igi‘iis ihiRe out put

of the coopac@d ortheOuipegeinag A4caifese dompbdatr DOAY Whidrphié c@ingtirtor iSHh 4 989 as

the system.i owered .and incjgde li.ght i resent on the ot odi odes, the

cycl e w |0}er80 ?’r?ﬁé‘gc?lgomf‘é‘ﬁ R 9%%@5*%1@6 aY”ﬁ%F—’ he Sjqjtage regulator 0 Wheathe
comparator is in a low output state, this additional current is not present. Consequently, resistor

—

910 acts as a load that is switched into and out of the circuit at a rate determined by the
20  conceniration of analyte and the output of the reference channel. Because the current through
resistor 910 is provided by the internal tuned tank circuit including coil 908, the switching of the
resistor load also switches the load on the tank including iﬁternal coil 908. The change in
impedance of the tank caused by the changing load is detected by a corresponding change in load
on the inductively coupled external coil, as described above. The voltage regulator 909 removes
25  any effects caused by coil placement in the field. The LED 903 emits the excitation light for the
indicator molecule sensor. Power for the LED 903 is provided by the voltage regulator. It is
important to keep the intensity of the LED constant during an analyte measurement reading,
Once the output of the voltage regulator is in regulation, the LED intensity will be constant. The
step recovery time of the regulator is very fast, with the transition betwsen loading states being
30 rapid enough to permit differentiation and AC coupling 111 the external unit.
As also will be recognized, the fluorescence-based sensor embodiments described in
FIGS. 6-8 are just examples to which the disclosed invention may be applied. The present

- invention may also be applied in a number of other applications such as, for example, an
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13 29 Decenber 2004 If the incident light intensity on each photo

detector 901 and 902 is equal, then the conparator output wll gb§%§ﬂ$mrmm4
duty cycle. If the incident |light on each photodi ode detector is not
equal , then the capacitor charge current will be different than the
capaci tor diScharge current. This is the case shown in FIG 10, wherein

t he capacj,t or 8§ SULT ent s h| r th n the |scharge

current - BeBat i ShE Sl PRELietd Rl Sn Aer SRR e e

differ entApmaﬁ@ﬂ\mrwfsdB,sman@%ﬁguam wge i@cdrparated ﬁdfi‘elﬁl’ﬂy)teﬁlfen&ehe difference
l.evel s ~on,the two photodi ode detectors.

bet th i dent
Cg n\év:gze nt Fyl ég‘frf}’ﬂ??}‘ %}’ tedenh thpndeserihedribwillhe agpesemt de thopsskilled dn e Abar at or
904 is i ngiGAs ke B &h@ﬂa&ﬁ d%ﬁr‘%‘aﬁé‘witﬁ&it d8Aattink et 1 Qpﬂlhﬁld%b&;e%hh%han nel.

phot odi ode and i nci dent ght on e reference channel’ photodi'ode. Suitable
al gor i £ hnigvengion. 150rteékmﬂg Wlﬁledh@@@mmqv hﬁm%é@cﬂhﬁddﬂﬁye@ww@oaﬂ andhes

squar eway cHtQHé{)ﬂﬁlﬂ&fH%{eq}&Hmbﬁh QfB@éa&lﬁé&' % (r}iséé%énon are
general |y known Tn the art see prior art FBnces sse supra) and
wi || not dpprdpustelyarogtinmed digdallsianel proceSoc e‘&mmdaqumhamm&atmnme mEndshed,
it nmust b transfe e.external unit. This is done by | oading t he
i nt ernal §0|Fmﬁﬁﬁmggﬁgy?ﬁﬂﬁpan%%QFFﬁg the change in | oad on the externa
coil 15 inductively coupled to the internal coil. The loading is provided
by resistor 910, which is connected to the output term nal 904c of the
conparator 904. Wen the conparator is in a high output state, an
additional current Vss/R910 is drawn fromthe voltage regul ator 909. Wen
the conparator is in a low output state, this additional current is not
present. Consequently, resistor 910 acts as a load that is switched into
and out of the circuit at a rate determ ned by the 20 concentrati on of

anal yte and the output of the reference channel. Because the current
through resistor 910 is provided by the internal tuned tank circuit
including coil 908, the switching of the resistor |oad also switches the
| oad on the tank including internal coil 908. The change in inpedance of
the tank caused by the changing |oad is detected by a correspondi ng change
in load on the inductively coupled external coil, as described above. The
vol tage regul ator 909 renoves 25 any effects caused by coil placenent in
the field. The LED 903 emts the excitation light for the indicator

nol ecul e sensor. Power for the LED 903 is provided by the voltage
regulator. It is inportant to keep the intensity of the LED constant
during an anal yte nmeasurenent reading. Once the output of the voltage
regulator is in regulation, the LED intensity will be constant. The step
recovery tinme of the regulator is very fast, with the transition between

| oadi ng states being 30 rapid enough to permt differentiation and AC
coupling in the external unit. As also will be recognized, the

fl uorescence- based sensor enbodi ments described in

15




FIGS. 6-8 are just exanples to which the disclosed invention may

appl i ed. The present invention may al so be applied in a nunber o?s&kﬁng“20&1
applications such as, for exanple, an 14 29 Decenber 2004 absorbance-based
sensor or a refractive-index-based sensor as described in U S. Patent
Application No. 09/383,148, filed August 28, 1999, incorporated herein by
reference. The invention having been thus described, it wll be apparent to
those skilled in the art that the sé##ﬂ@§§ be varied in many ways wi thout
departing from, the sgphfahk f@etisGRPRIRhalidiom a k&N RE cofaBfisig<anpl e, while
the invention has been described with reference to an analog circuit, the
princi pl es of amHetempalssmor vpit fjaking auentititive apalyte agesuyestentst ingluding o figgh ceithe use
of an ap i g P oital, si such
ol 11 cat Fende ook 6t Yp Rl AdUESR b ok wuf 0! ool R BB gt A0 sl =72
29 Deceénbercul d@4nadifxingBaid 1oadAp peoatans Wit senset meesuientpnt infoomatini obtaifed by a
sensor de%&f% con$n%sing: an internal sensor unit for taking quantitative
anal yte n%as%P%ﬁﬁﬁ‘%f including a first coil formng part of a power
supply for sais eﬁ&ﬁﬁbﬁnf iuimi:l}:dinga be:cad:(lj @Tbluﬂgaiﬁs nfuh ety é&ufubﬁx&ly dbﬁj)llad todaid fist
sensor 5 ¢jrcuit  for ifying said |oad in accordance with sensor

Toasur enmsiil PR S eI R Ao yAia P BB P REH fitange SRR At i

i ncl udi Ngeo, EeSsiMitos Rir kiriip Ghtd sseohtiédtab bndubd statdingedntrefQl Bli@ st QiS @tk f i 1 st
coi | upon said second coil being placed within_a predeterm ned proxina

di st ad@e {atestr faidateptingsvariations|in 4 load ersnid seandreof] dnduged By digpasaiogaddessiid coi |
t 0 1 nducegg BRMPLNCr Gl Eﬁd%rgf&vﬁﬁigqnﬁahﬁa%ibnﬁ scc?%bg?. cgldﬁlg é&’%ﬁ@ﬁ fr for
detecting variations in a |load on sald second coll 1'hduc y changes to
sai d | oacchiangesfid i nternal sensor unit and for providing information
signals corre ' | ; a.processor for receiving
and processingﬁggggﬁgﬁ#%F%gkgg%gggaﬁﬁpgggfgmﬂﬁﬂ m%% &tus according to claim
1, wherein said sensor circuit conprises an indicator elenment which emts
radi ation in proportion to levels of sai,d analyte. 3. Apparatus according
Lo cldPm 2, wier of PRy fesafiedh s Bl i ine Crr o ones ap SRiRF
recei ves dlafkingivhioh efnitefadistionl in RopERInad latie eRfid andBidl. Appar at us accordi ng
to claim?2, wherein said sensor circuit further conprises a

3. Apparatus according to claim 2, wherein said load comprises a photosensitive
resistor which receives radiation from said indicator element.
20
4. Apparatus according to claim 2, wherein said sensor circuit further comprises a

radiation source for emitting electromagnetic radiation which stimulates emission of radiation.

5. Apparatus according to claim 2, wherein said indicator element emits fluorescent

25 radiation in proportion to levels of said analyte.

6. Apparatus according to claim 3, wherein said load comprises a photosensitive

resistor which receives fluorescent radiation from said indicator element.

30 7. Apparatus according to claim 4, wherein said radiation source for emitting

electromagnetic radiation stimulates emission of fluorescent radiation.
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radi ati on source for emtting el ectromagnetic radiati on which sti %lﬁtgnslberzooat
em ssion of radiation. 5. Apparatus according to claim2, wherein <aid

i ndi cator element emts fluorescent 25 radiation in proportion to |levels

of said analyte. 6. Apparatus according to claim3, wherein said | oad
conprises a photosensitive resistor which receives fluorescent radiation
fromsaid indicator element. 30 7. Apparatus according to claim4, wherein

sai d radi ati ors: sourdBaREE agRrding tﬁﬁlmnéﬁe‘ti}ﬂelf%ﬁﬁ?gﬁéﬁr@l paigisamploptableimibeat es

em ssi on QfayhFia9ceNt radiation. 16 29 December 2004 8. Apparatus

according tdo claim1, wherein said internal unit is inplantable in the

body of a mammal. 9. Apparatus according to claim1, wherein said power

supply furtherg incl ; i i i LS. char.ged, by said
charging curr ént . J’%Sﬁﬁgggcrcaf u[sg ég%%?&qﬁ%ﬁ%gagég%r%&p%%’f@? gcgléc}eagdet ect or
of sai d ectiagingadapacitot whikch isl chebgsd Iyrsaiinghbigingdearremdul at i on (AM) denodul at or

for detecting changes in anplitude of a voltage waveform caused by changes
in said |load, said voltage waveform being inductively 10 reflected into

sai d second cabl thppaefs sabelidyith Shint 0] Whereld sai PR R LESidGESA4lIva to claim
10, wherein said external unit fur her _ includes a pulse counter for

conver t | n§elade an appibdemodHaiogdaM) dempdriatern i datesting ehaesdsin enplidetf asui t abl e
for bei n%oﬁ%%v%ﬁﬂn‘c&ﬁs%g sg BRMERA SARRAR! 58 d VB4R whiefdin b&?@ﬁﬁ%ﬁ&yac cording

to claim1l,” wherein sai rocessor Includes a conputer. ar at us
accor df ngeliested|infp seid seophé p@l throvgh spid fissegoilal unit is ingestible in the body
of a manmal. 20 14. Apparatus according to claiml, wherein said internal
unit is inplantable in the body of a fish. 15. Apparatus according to
claim 1, wheréin saApphriing scoddingumelbim ), wigalemrsbilelemahuditinth@ Sndhatdy aof a

plant. 16, aratus accor di o claim2l, wherein i d.sensor circuit
conpri Sespu&?@?%rg%cgpver%ge%&emﬁ 8%“5?5%?”8%‘%”%?15@?%% e P Bsp%?t?li?l?)n to
| evel s offorsSting cafiedrietl @nto 3enfufer-réudalilasin. devi ce for detecting the presence
or co?é:entrati on of an analyte in a mnedium conprising:

12.  Apparatus according to claim 11, wherein said processor includes a computer.

13.  Apparatus according to claim 1, wherein said internal unit is ingestible in the body
of a mammal.
20
14.  Apparatus according to claim 1, wherein said internal unit is implantable in the
body of a fish.

15.  Apparatus according to claim 1, wherein said internal unit is implantable in the
25 body of a plant.

16.  Apparatus according to claim 1, wherein said sensor circuit comprises an indicator

element which absorbs radiation in proportion to levels of said analyte.

30 17. A sensor device for detecting the presence or concentration of an analyte in a
medium, comprising:
an enclosed sensor body having an outer surface surrounding said sensor body;

a radiation source in said sensor body which emits radiation within said sensor body;

17



an encl osed sensor body having an outer surface surroundi ng said ?g\riasor 200
body; a radiation source in said sensor body which emts radiatio CEFRYer 2004
sai d sensor body; 17 29 Decenber 2004 an indicator el enent having an

optical characteristic that is affected by the presence or concentration

of an_analyte, said indicator el enent being positioned on said sensor body

to receive radi. ,ionﬁi hat travels from said radiati on source, and which

transmits radi®PoeRiersiegreatharngsa sptisal Hemptensticihgivetipsted by thonseseneermnt

| ocat ed i fonsangiGEITSR anf10d Vs RNEIRAS did ; ' LAL ithin the
sensor bod;;L frorln said i ngtg%sat g&ﬁ#@%ﬁ%@ﬁ%ﬁ%ﬁ%ﬁ%a@geg%o}e%hﬁttm ocat ed

in said seprivrradipiipndbaiptasels fromsaid dadigtion sewes iand whick frensmits radiaian dhto sddict i ve
el enent bﬁ&gb pted to receive froman external inductive elenment a
magnetically i ndiced electric current for supplying power to said sensor
devi ce? and beiphgtoddhsitive tlamentdctapt éulsdidscnsud body and pesitichedxd ksiad radadoet | ve

el ement an..el gctric rrent i ch changes ag .a function of the anount of
radi at i onWIFhel%gF\?%ftf"’b@O gﬁ)@% lflglgégﬁrs%qq?@ aé‘aemant. 18. Apparatus for
retrieving i nfagind@btiereldniealodatSENSAiE seevi 61, cogfleiibissit PRotofBsitivy 86mal, sensor

unit for taki quantitative analyte nmeasurenents, including a first coil
15 f or ni n'*@l%'dﬁcpugﬁ‘g"f 3311‘3’6 g §‘Eﬁ3ﬁ?a)‘f’ FesFveErE a8 gxewal indictive demepia coupl ed to

sai d fir shaglidatly fbced SRBR et irGHplyihOpoWBdb Eld fscabHcd QafLd;
accordance W th sensor neasurenent infornation obtained by  sai ensor
circuil®, fygheadapieddp indpecciniseid iexeinaldndngtive gementian cleetrin elrregbwhich ohangesssonsi ve

to anal yt,fundR Sing WEhndof LHBE I8l vedtlihafh r@t%fog%mggg%g nel detector

responsi ve to reference neasurenent | S" of said signal
channel detector and said reference channel detector being 20 conbined in

sai d sensor i npfor i for i fyi ald | oad: an external ,unit includin
a second coil Iil\%\'/ni gﬁb‘?agﬁun% agﬁﬁfesmﬁﬁgﬁféwﬁ%%%%ﬁg@ﬁew, SHMRSMEr st coi | °

;Jpon sai d fs_ecemmtamﬁlllserbaim:@fbx!t'alfiﬁglqwﬂn?faﬁmd@a@!tﬁdﬁsa_ﬁicﬂihﬂﬁ;dnm%@ﬁ’g' ;_{Tlﬁist ghilst aamce
rom sai i.r st [ an o tor for. driving.said second coil to induce
L OelS doita st At e st S § hopd oGl §1id Fgy ot Aabe peger

vari at | OrfclinfoRmbifitln® ¢ RhdinsReRNhcE Fith sérREUARBEMe REHGSSioh BbERLALY 0ad i n

25 said internal sensor unit and for providing information signals
cor r esporitf Agseiiuit.dad serpor Hechiy insluding e signsl dhamnel detectas respersivap applytnd

processi Mgasadrek HiGERRbA, AR 8 18R chohlel ARPAT ﬁ%ﬁb’ﬁsi@&ﬁ%ﬁgeﬁgeexﬁagag@eﬁle 18,

wherein said signal channel detector and 30 reference c etector are
phot odi od&ermation, onfsrodsrig sigeal shatinplgletestor i saidreferentreshaine] déteptaibeingannel

det ec3Pr HRGhAMHNALR s8Rr information for modifying said load;
an external unit including a second coil which is mutually inductively coupled to said first
coil upon said second coil being placed within a predetermined proximal distance from said first
coil, an oscillator for driving said second coil to induce a charging current in said first coil, and a
detector for detecting variations in a load on said second coil induced by changes to said load in
25  said internal sensor unit and for providing information signals corresponding to said load
changes; and

a processor for receiving and processing said information signals.

19,  Apparatus according to claim 18, wherein said signal channel detector and

30 reference channel detector are photodiodes.

20.  Apparatus according to claim 19, wherein signal channel detector photodiode and

said reference channel detector photodiode are connected in a cathode-to-cathode configuration.

18




sai d reference channel detector photodi ode are connected in a D ber 2004
cat hode-t o- cat hode configuration. 18 29 December 2004 21. Appar at d& December
according to claim 18, wherein one of said signal channel detector and

sai d reference channel detector produces an output determ native of a
positive transition tinme of said load nodification, and the ot her produces
an out put detelé %Epl ve of aﬁgttla&%gt've transition tine of said |oad

nodi fi cati on, “Such/PRIFMLS a¢qE RHP & roEhepit gusef sgid ﬁﬁ%@lﬁhﬂf@elldﬁétoﬁmchtl on
and a 5 napatfofcs Qmbnd dEBsthiQRoduded MUuGRE AEmA 2P0 Cﬁo@ﬂi%’ A e

well as a difference between output said reference channel detector and
out put ofSﬂ@dﬂ%ﬁ wpdifieationsrad e othps prodiess an putputAlsisaminative Oiemwadwmgausmocl aim 2,

wherein s 8%‘] o Bdi 1c°a‘?i§n %u@{‘tﬁ 500G et Bne %8%%5 %erltn%qga s %}é%‘ﬁﬁ

operatively co er to provia
functidn n@gatafnémcltderactmn wn(ﬂmat\m ofianalyde concentratlon as weH as a difference between

output said reference channel detector and output of said signal channel detector.

st

22.  Apparatus according to claim 2, wherein said load comprises a photodiode, a
comparator and a resistor operatively coupled with each other to provide a varying load as a

10 function of analyte concentration,

19




