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WD 2004/ 093504 PCT/ US2004/ 011393 PRI NTED Cl RCU T

DEVI CE W TH | NTEGRATED ANTENNA AND | MPLANTABLE SENSOR
WOROTESSING SYSTEM W TH | NTEGRATED PRI NTED Cl REBUK/TUS2004/011393

BOARD ANTENNA 5 [0001] The present application clains

the benefit of U S. Provisional Patent Application No.

60/ 462, 695, filed April 15, 2003. BACKGROUND OF THE

I NVENTION 10 Field of the Invention [0002] This

invention relates generally to electronic deV|ces and

PRW@R@%T TE‘E’\&EE%IF

power I ng i
parti rl ﬁggﬁégg
devicg&&g &Kﬂ%¥ﬂ%ﬁo
certain characteristic paraneters of a medium such

[00014 ST hefmsee&wﬂip@tlom dhaims direelrene hoefyl . SBBrokipianah Batpntt Application No.

3 .. Pat No. 5,517,313, the disclosure of
aﬂ«%ﬁgghh g &? %&%ted herein by 20 reference,
descri bes a fluorescence sensi ng device conprising a
| ayered array of a fluorescent indicator
nol ecul e- cont ai G TIONor escent
matri x"), a high-pass filter and a photodetector. In
this device, a light source, preferably a

Fieldloff efet in@&itiohi Ng di ode ("LED"), is located at |east
partially within the indicator nmaterial, such that

[0002] %isj@ﬁcntidnghlatdsrgsmrahhsetol dlmnicwMRQeamms@sds fow wireless data

ecules.to qu The. hi gh-pass filter

transty 158 RS PorEines it S 3R e On Bdrso e

pamaMuriyethf lihdctibR Gel e tosiﬁﬁ‘ﬁatn@a[b%jdév%é's %@hetﬂoabfforfcfewalﬁgsnd
lig source. An analyte is allowed to perneate t

measﬁﬂimmea@uedtaramtm pargmategs ofg bl siwhes centxample, the human
properties of the indicator material in proportion to
b0dyi he ampunt of anal yte present. The fl uorescent

em ssion is then detected and neasured by the

phot odet ector, thus providing a neasure of the anount

_migan@ﬁantratlon of analyte present within the

oo ! BalFgye- 3510 Un Bartisovies e Oﬁfcygg%%;‘@ brsedy

referén@e [ da€eribl 3 fuBRkERke lSélSﬁlg de PRk 38t @ ﬁﬁﬁ yefey arfy OP& fluorescent

body, elther subcutaneou$ly or rav or
indicator molecule-containing matrix (hereafter "ﬂuorescent matnx") a high-pass filter and a

photodetector. In this device, a light source, preferably a light-emitting diode (“LED”), 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 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.

[0004] One advantageous application of a sensor device of the type disclosed in the '313

patent is to implant the device in the body, either subcutaneously or intravenously or
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1 WD 2004/ 093504 PCT/ US2004/ 011393 otherwi se, to
al | ow i nst ant aneous neasurenents of analytes to be
w0 2008109304 any desired tine. For exanple, it iBCT/US2004/011393

desirable to neasure the concentration of oxygen in

the bl ood of patients wunder anesthesia, or of glucose
otheriwisel foeallolmoiaetanfanéethi bedaserepaiis @ fitutalytpORMe] talBecause déired time.

the size and accessibility constraints on a sensor )
For eyamppleeit isgasiable do meagurethemopgsairatiqmelaxygeminghe biged of patients
unde} grfé?ﬁ%sig,s&%?;gﬁfc?ge 1Wtf1@t()jlto$§ opﬁi%jéﬁ aﬁ@ntg.f _ & comrercl .al

uni t,  wherern e need Tor mniaturrzation gives rise
[0005]0BécaldedTithd $i¥e antPdvdbRiktyicogstRbRE on 85ER6E dMERESHlanddliidn the

performance concerns. For exanple, providing the )
bodysihgesi aigya gembercofipsuns asgaeiated Mathdhe Brofdwstion afusommyercial unit,

an ower. .supply woul d i ncr.ea the required size
whergiphee? O GHPioh AR ste | EITARG b bR BYE Bhy
effeclOehess, 40d pEOIH]anle BIHRERS S Foiexaitple Brdvding &@cs@ﬁﬁiéme\ﬁ&auith
out put signals of a sensor inplanted in the bo

data (xprspussion GeeuiBeandiesa nextes synpnwaildghespasgitheieqnited size efithe

i nt. I wer - s Ly i.s taught by U S. Patent No.
devigg VB e RL SRl ol B i O also ic
[0006]“&%&&%@&36@@&&{ foir PrdeyssiS B 8RPat difnald $5a fAbdriBipYanteiNS the

"974 patent teaches a processing circuit that powers

bodytihosbihs aeed for daghranpaiission eabyitny ou ph sderRE poveer gypply is taught by

v:s. ERpALE A0, ROGETSE Sht b BBy reterece
its enltiidy. AThE 73 ARAF teBShad APrélcb@MScitduittthf JoRRes B sédir through

. processing circuit. The RF energy coupling and data
indugtivalysoeplea REF enctgyrphiitsth byl theypreessingitingpit. tMis nrodessing eircuit

sma] |l coil .withi.n the.inpl anted sensor .devic and
receif G gt F{isimiste ot 05 spBPE R <Sisef & TiigRbubs g onthe
procé?s‘sihﬁ Wirbuit. [ PROREF B8y BOSHNRaRd AR heansst At hedbngflish&Eby providing
smal'l coil would be to use a wire-wound coil = 20
two dealyi sngnall ehiikbwitkinghd wnplanted smser devicacinslch largeacpit tormected to the
; circuit .board.(PCB). While such an inplenentation
exterfp] BFQCSTRE BTt v, i nprovements can be made. [0008] For

[000BXCAPh Rsibld At haRMERIN T (RE sthliEcdll REH1BIHR tWubEa WRRFbund coil
ferrite core'to the PCB may be difficult and give

having ssdistretefetitadirt pttychied sueprinte@ siuii bigrd (PARW While such an

. __manufacturin i elds. [0009] ,Secqnd, pecause each

impl R L BB e TR B o o1 ghtly

[0008] If‘d‘rec&%ﬁ;élse', @ﬁeta%éclﬁﬁ@ﬁ BEIR iRt wird Wfoun@ fé@i@é‘(}&ff@ ik PEB may

t'ol eranc may be necessary to 1 ndividually tune

be diffamlt and gnsaisede vilebilitpispraspesdliingrat lotv hiverfictednpeyields.of
peration with the associated antenna. 00010 : .

[000 d%cm Raraige o _W*,SWQPE%POIE{gW% B RC S T bty ifaent in

chardeRristi & RRLE ﬁmﬁuﬁa‘cﬁﬁ%& 't&l@ﬂhces, it may be necessary to individually tune each

sensor device to properly match the frequency of operation with the associated antenna.

[00010] Additionally, the physical structure of the wire-wound coil creates a significant
amount of void space within the volumetric displacement of the sensor device, which may
result in bubble formation within the required polymeric encasement of the electronic circuit,

resulting in a failed device.
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anmount of void space within the volunetric
di spl acenent of the sensor device, which my result
w0 poobopdshe formation within the required pol yneeT/tS2004/011393

encasenent of the electronic circuit, 3 0 resulting
in a failed device. 2 WD 2004/ 093504 PCT/ US2004/ 011393

[0011] 90 Eidhefiskl RS relyRiSsiBert Forl Akl hESIMh & BB tHe Wid-wd¥hdLboil ferrite
alignment of the wire-wound coil ferrite core with

core whk tRGHCB AAlignmrenitof dlie bané winsriethen lpasdstpeeided ¢rethgsoil to be

i.d the cail ta be attached to the P
sttactig T o B g oA SRR S o bl S s e
necess@y @ Hedifedor 1 ﬁﬁaﬁﬁ]yapgﬁcﬂi%ﬁé.r ed for inplantation

applications. 5 [0012] "Finally, the dinensions of a
[0012]iT5eallt thewlimensiensrd acipickete wneevmmtl cail irépreteat # tmitetion prethe
veral l. di sions of.the sensor. device ckage; .
overal fingiayions J ¢ et {eyise BPCIpRs TaubsroeRERTR SF Hircdsyios for
implAPoh GRp QRS n#AIWRYSh RS BGideR! rabl e. [0013] In view of
the foregoing, there remains a need in the art for an
[0013] nipvoaredf thapibrageing | there s@naios a tleadiin ¢he AOfoSAVIMPRY vaIFiiplEntable
IHVENTION [0014] In accordance with a first aspect of
SeNS (}EVIET-esent invention, a printed circuit device
i ncludes a substrate fornmed substantially of ferrite

material, the substrate having main top and bottom
surfaces, first JWENNMABRINAFJIHICINVIENION bet ween t he

and bottqom surfaces along a 15 nmaj or di.nension )
10014118 Edangp e iy it %SRGCté’Zé}&{HGS@HngEHt é‘cégﬂﬁf@a\ﬁgéﬂt fifyace
inclu%lr%pa &8 rﬁ@?&ﬁéﬂ sSBMARGRS o PR n@a&éﬂa’? Ghe Qlﬂgﬁ%'hg{)ingtnéaén top and

ereof, at ast one conponent (el t’her an I ntegr
bottoni sucfaces, fifst @d sdebrd side sirfaceebawasnatho gopcanimitent surfacessaiong a
. ASIC chip) mounted to a main surface of the

majox igrensia erepigand isndceeendrear sdacs bemeeR Hissep apebelirm
smfa?éétaz Oillﬁin%}[ ﬁfm&tsioklggér{e%%%gf%xéﬁc A ﬁgnentt @ﬁh&%ﬁé@(e@%&d circuit

pattern. i'ng to anot
(IC) dspeaiiswéte bhdog omapirient) or an BISUO ckipl aioasted éns ataiaxface of the
i ncl udes a i ght source for introducing light into a

I
substyat; Gpe & CaMUCii dPiERadam 1hp aibsiraednd SXIendinE RVE ahkegstrRe syrface of
them?#ﬂ%@qEB%Sﬁgﬁt%ﬂr detecting light emitted by the
|

tert. . .
uorescent "1 ndicator in response to the introduced
[0013]i Addordiagth drothed vipeut 4fl thgingesicgnal fhyprepeddeisomsal devcd eludes a
detected light, the resgonse of, the fluorescent
P

light potHee for artrqyigﬁlyg Aight into Herrascstiendicetr thabinirede i agnglivm, 2
photcﬁfé?e@{oir % &Eecﬁﬂg ﬁgﬁl ohlifted Qy the fluorescent indicator in response to the
introduced light, and for outputting a signal proportional to the detected light, the response of
the fluorescent indicator varying in accordance with the presence and quantity of an analyte in
the medium, a coil for receiving electrical power from an external power supply, and for
communicating the signal to an external processing device; and a substrate formed
substantially of ferrite material, the light source and the photodetector being mounted to a
first section of the substrate, and the coil being formed on a second section of the substrate

such that the coil extends around opposing surfaces of the substrate.
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25 the medium a coil for receiving electrical power
froman external power supply, and for conmunicati ng

wWo b@4593nal to an external processing device; BOTUS2004/011393
substrate formed substantially of ferrite nmateri al
the |light source and the photodetector being nounted

to a first seskk@ESRIPTROSGSTHRIBRARS G coil

bei ng formed on a second section of the substrate _
[0016d (idie inveation ell beinore fifl ynuderatood mdthapfeosicadp therfélkeveing detailed

the substrate 30 .2004/ 093504 .PCT/ US2004/.011393
desorigRp ! pRSERT TR0 G i TP KBS 08 STCOPHENY R ST B
whichirklgiRE BPRVA Sfilthotrat B 6AIS A thudiabdndt nBEBRE B 1R prdient

foll"lom ng détailed desciiption of a preferred
invenéimipcaidveeteinn conj unction with the acconpanyi ng

O CH L AT AN R A W T N
embold &R b %’in@éﬁ@oﬁ“ﬁer ein: [0017] FIG 1 is a top plan

view of a sensor device circuit board according to one
[0018)Ge? iedsidemsodhiitRntensdr dehiee icitm@nboandpf FERDLY] FIG 2
is a side view of the sensor device circuit board of
[0019HFEG. 4 is g beytean plap levsof the senspt dymsenigHIt PPa Oéﬂéh]é
[00203 §18°4 1sd§¥;%rﬁ§l] §ad xé%'\}vtof Qgé}{s?r gvic!%' Seuttpoh a[:QcQ‘aﬁl% t&'h Farther
i'S"a partral side view of a sensor device clrcult

emboldpadrd oftlednekintigni 0 a further enbodi nent of the
invention; [0021] FIG 5 is a cross-sectional view of,
[0021] HEns éy 2 erevs-sestippid giopopia seRsprsle¥isn SspInpsatinge sepsqr dgyice

o RSO PR 000 LRGSR S,

[002RFIaN6 igPicheiatt, 8eétlon0nies 6 e Entlaneble FRORBEencd-Dased sensor
according to the invention; [0023] FIG 7 is a

accordiigderhts ioveitegr am of the fl uorescence- based sensor

Ln FlLG illustrating the ve .gui de .
fo02] BRI 7 ' onginafl ot B° PRdsioiRe B WS Eongamp g o
illustMti@WiIRf wiRengdd srbpgti B ith®&nedr;, FI G 6 denpnstrating
internal reflection within the body of the sensor and
[0024 Kie ey 7 detaitwinaew of thearclsd poreonsefiidGr 6 demensirating internal

e e A oo T A
interf8&PBEdr; and

[0025] FIG. 9 is a schematic view of a ferrite bead used as a low-pass filter as another aspect

of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0026] FIG. 1 shows a top view of one preferred embodiment of a sensor device circuit board
according to the present invention. FIGS. 2 and 3 respectively show a side view and a bottom
view of the sensor device circuit board.
[0027] According to a preferred embodiment of the invention, the sensor device circuit board
100 includes a substrate 101 made substantially of ferrite material. The substrate has main

top and bottom surfaces 101a and 101b, end surfaces 101e and 101f extending along a minor
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of the invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT 25 [0026] FIG 1 shows a top view
wo@booanessps ef erred enbodi ment of a sensor devi CBCTUSI04/011393
board according to the present invention. FIGS. 2 and
3 respectively show a side view and a bottom view of
dimehdi€n SBHS 0p ARMBRNLIURbés; albaddsurf20€2i(]1cAa8 QD 0d BEedding@along a
. preferred enbodi nent of the invention, the sensor
majogdigieasior of thei top parhbeitom g facet | Theesbsiraie proferally isi@ganized into a

. J.al £ f i . [ .+ AN 1
coil B R8I Btaled S F L) MR ATE. The ICRGRHIT iRt
vario@ielraitrdoagedd 107 vafich hait be BXtiEpsliangloglcemgoientd, 8R!, afd light-

. WD 2004/ 093504 PCT/ US2004/ 011393 di nmensi on of the top
emittipgdliors L&) shis 404 {diffarrt EERE maybe agesior diffeerd mpaggemants),

...e i.ng_al,o maj or. di nensi of e top, and N
nter b ER) Pl RE R P i PR 183 8 abilfr) BRFE G shown n Fie
1ﬁn'm%pggof@mkhaﬁ@§tion 110 and an integrated circuit
[OOZ&E'IW%; section 112. The I C section 112 includes various

[

¢ theediepid device ofl s prasprtdivention isedesitdiap g cirawia | ogrd” in

S TR Y T
confiFRA86H. SRBIRESHancel vAHES G EMSSIdBHY, tRY foRiR i RNdesEdhay comprise

Wi ring patterns 105 (an arbitrary pattern is shown in
at leapt e substdrgially dlep o bise of whidhiibe elactramy cofhp@RB}s pvfictably are

atacheiof b shab U wleposmRIHESE fre G RLRAoG Suifaeps or
exampleE iR fE@He SRR TRRtmay Ravk 8 siiikankially 8Osk @c it is substantially

particul ar shape or 10 configuration. In accordance _
oval gy rohndshaped. ebrtrmdiher example,Hiee feariteicireuit deviesd mayl bavecesubrstgntially

comprise . at |east one.substagntially flat surface
ot RS ot Qe R art BB o ps Ferabiey St el of 25 of o
footb@fl.t BOJL HiIRNEMEMMRNENRL eehitd e Sy bBESEIRYEL OHNGIEher
the top and bottom surfaces. For “exanple, the ferrite

embodiments, thedtswiite soredy shrped sechdbisst lzastnioaubstaritiadly et pfréces.

R T e
coil sSHRAL AN A} §8t1idR of 1R kub RRtSHAHRCR ?é&ﬂoﬁ gﬁ}ﬁgq sB %i%gc}tiog of the

surfaces simlar to, tfor exanple, one- or 2 0

substfade tlhEainl ention iy eot lohiet toghib odifigmitmon. thoe ckanpletia acandance with

otherfrfrzag%loﬁﬁ%erngsg ili@hqal %g ﬁg}é]gar?é{%l{qay? ﬁcg{%rop{lt%agg (’gf:){bngp tthg 'coiﬁ,qgsulting in

thick& s ke 8ddsyr. fhithes Yhd @06& 111 LQERlin @I(ﬁ% cM1 h8vePa full length
preferred enbodi nent of the 1nvention has been

coil. descri bed as having a coil section on a first section

[003(@;%({cg&%1?%}%sai }{)icg}’e?reg régnb%gi?neln%:o t?l(e: 1;1I|1Voe?1tigrilt eg su?fa%gscgfq}qe ferrite

substrate to be metallized or otherwise applied with circuit components other than the side

surfaces are pre-coated with a commercially available glazing compound which is fired at
high temperature, to form an inert surface area for such metallization and/or component
attachment. The surfaces of the substrate where the coil is to be applied all may be pre-coated
with the glazing compound, or some may be pre-coated while others are not, or none of such

surfaces may be pre-coated. One example of a preferred ferrite material formulation is
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20 substrate, the invention is not limted to this
configuration. For exanple, in accordance with other
weredatpisent s, the circuit conponents may be noRCIT/E820041011393

top of the coil, resulting in thicker but shorter
sensor. Further, the sensor illustrated in FIG 6

Courfie -4i8; havevé: §1§Hciahk&ﬂ&hli‘te f&@hllatidn® 0&Dbe deRipdi BY thdRe Skilled in
preferred enbodi nent of the i nvention, the surfaces of

the attrﬁl@at preraptingzedfor putiselensmpliceidse. Aetused hereid, te term “substantially

ied with gP it co nents other than

of fe’inljie i w&%ﬁ gﬁg)ffl%acsé%s A & SE%’aﬁf’SB Y- a commercially

[003RVRid BRkBesd b RicTBrRO SRRLAE fthe ¢1§ntfab1%esns@§ applicafon may be
temperature, to forman inert surface area for such

approvemalelyi Hamilpte appdiomatehndidhmeils, preferablytappreximately 20 mils to 100

mils g[rbc{) étg)%f) 1ab hepfpg(?%%trgfyég)d%lﬂa 8%\(# ltnﬁehesﬁ tgréﬁlnikaittw&agon and power
transBNIRRALRHs1 At SRMES R YerPite RJr81s:aBitadiall) rb®sIPRE! ¢t oM curved

not, or none of such 3 0 surfaces may be pre-coated.
surfagn éheeddamptleeofﬂle sobstebed peciiriet surface may be pgroximately 10 mils to

250 T RS G 28, R o s B SF PSP Riely SO T, Again,
otherftﬁircﬁ’és%s'rﬂzfy%eclﬁgd BS 1Ry @hﬂ@@ﬁl tRY aft tﬂ@éﬁ’atﬁl&b lch&dcteRstick l?@r other

art that are optimzed for particul ar” applications.
applicaiimas, rvedepmlddrmnsench 4ssuirtxs fraquanaies ynd pdwérdevals. e

er enco s any and .al | formul atjon
100331050 ere ot kAo Amzeredrpi B0 Shit s Rt esBibf g wrapped
arouﬂd"ﬂﬂla a0l BstBRSPle &HPiO&@Ha@Q oF@r}S' ﬁﬁabl@ e?e@ﬁ’fc%ﬁy e@{(ﬁkﬁfve

O mls to approximtely 250 m preferab
mateapipswhraa;a&)ebganzﬂe rroppert gold Gilvenyot gllyndIiipslso pomtéc fdvlthe coil

106 tﬂ,l%plr n?t eI 3%&{?&!1‘3}@@%@8 9 Ihg%g%ts%is\ymg pattern 105. As shown in
Fig. §Qﬁl§érféi%§¥ﬂe%ﬁ 1olsfm Pn% éll\"/é%ﬁﬂl ESEQEE td ﬁeﬁﬁ&% ﬁ%&ﬁé&y 07

rod- shaped, or other cu surface, I anet er o
formedhen ﬁmdeml@pﬁdtrm whick edhtsaets é@mectrtayhdxmm@bmmuntrmnmg yatterns

250 m | f erabl Omls to mls, .
105. ﬁ@@tcora&l@rl@? 5% yla%lafas@ er’?%%hé rSyfb @% 1 e f?@éﬁ ﬂl Stiﬁe éPﬁermg
cdge R HRERERRIRY HRArIBSROUY firhfin REhiberk dlabl it dblso
may b@u@dd édst, s tlsustil iaslhsirzied id Feql ambmag wafghef aveemd the main

| evel s. 032 coi | ction 1 n :
Surfa%rwsélrfe% ST R fB%‘?ee Hpga @S%vw ths s patiem
exterf(‘ﬁ T Bltﬂg oh€ 6 {hte‘:fnaciﬂg a{c% 8H§19ax&ﬁfdl thd Ofe k& F&%@g e of
uita ectrlca con material, such
[003ﬁSBy fnaklng)t]&rmitﬁe prinip errcul'gbﬂadd freml femite naxeral,|laoyisgle hémogeneous
s al so possrble for the coil 15 106 to be nmade of_ the
substaad s RgYigedh yelleping thg genspredqyiGerpapianiyinggprpegst & be performed

using ol P ouli iy o RIS (CHTicpaLy Y %Y of

dielectric may be applied to the ferrite as a coating.) All manufacturing techniques available

using a standard ceramic substrate also can be used with a ferrite substrate, including thick-
and thin-film printed resistors and capacitors, wire bonding, surface mount technology

(SMT), flip-chipping, and chip-on-board.
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formed on the ferrite substrate, which contacts

connect to the printed circuit wiring patterns 105.
wab@4oeasouct i ve coil material preferably is foreetiSmng/011393

the ferrite substrate 101 using edge-w apping

techni ques. However, other formation techni ques as

[0034NAWditibRalty) thedtite @tta‘éﬁ oBEkalil®Y utilezct S8 the fOrEOcordhiiteLwbiifl coil may
coil is ilfustrated in Fi g. 1 as being wapped around

be elithigatedi Hor exanfde de wiragpetheoik¢apdueior Fcmay be bamnseted to the

obt d.b n e co atte
remafideE Rt R Byt ot G Mo ROR eomButi dueBEs Hig focpmiaues.
The #i sﬁaﬁe&ix@@eﬁ W b@&RSmaled P2RlddBN d88ed Sa-cpRtdiBIlity and
printed circuit board fromferrite material, a single
hommw@emamy@calsnhb@t:teastecs; & pelbas ngbiahilityhviichlis owpartpnt fes implant

evi ce manuy roce t.o be perforned
apphﬁgmﬁlgi Wg TAEERGAF Y fg‘éCth,ﬁP?F? é‘g % M %anuf act uri ng
[0035]9F1hﬂieﬂl-lﬁlsforrﬁ@tth@aﬁliré ?nnt@d ERbU bRYEST Rfritd hf&té%?atl [fth€length of

be appliedto the Territe as a coating.) Al
femmmnayftaanmatsng substAnbinly ever dheadibabie derrites¢arg wausd acmbl aFa example,
ubstrate al so

the IS0 B BT Ry PR PRI Tele i frsgge wound coil

This t‘p@ﬁﬂn%t Pdi §n1ﬁ5‘é}lxt SRPAGE HPf Swer Wah SePORBIRS) oGS pm%'rnﬁrom the
echnol ogy (SMI), flip-chipping, and chip-on-board.

eXfeI‘Ml 120@%169 8610 fnPSHPWIS 200 4178 p2BEDY as p@@ﬁdr}%d Athi the dlsadetwf,emte
tach operation utilized in the ferrite core
Corebiviilrre %@r‘? “coil may be elininated. For exanple, the
[0038Y ARREG 6841 lad GAMMBAGENid TR LR 1% Q@@JsﬁQte nbR€ suppression.
on
remai nder of the circult using st an netal i zati
Routorgonducdars tisunglabdes autianfyredt hrthe ﬂaeﬂte sumtmtamll adtyo ddmp

uch techni to be aut omated pr a .hi degree .
hlghﬁfeqwm/&a%? e SPa AR 5 PO TP ? WV hspsai «JarhBaibor s
used G0 3AE §§s @tél Gunfi ol waS 908! ipalidd thy cirtih Ghte! tough the ferrite

i nport or implant applications,” and I ncreases
beadwasdes dﬁrhp@milg/eﬁﬁg]s-ﬁlequemy uémpt)nﬂntsr@ cufrofi3mbsifg) thrbuegh, the wire

by for the entire printed circuit board of ferri
902. QruErSalY; Ve S S i BRAGsTEd y TBROTHE Haak discrol bekept
exterﬁ%ﬂltt%tﬂ?é“fehﬁl:'sﬁ(bs?r‘é%r the discrete ferrite core wound

coll. For exanple, the length of the ferrite may be

[O(BV_hAdm@otﬁs we-off alfetricas@ntetiblesublstsate wimitigaterthe effew bént)lse on other
wound coi |, éo This permts a &g{olflcant i ncrease

Clrcugfd\%tpowrgﬁ@fl fstisfed, byt IEFRENEI0 28| SEROAImRAt ob d ARitsO¥ I ihichioperates
base@8h ﬁ{e%lor&gaﬁg %; Hﬂﬁrg&‘%’n& 1n(ifb%{or wmtessﬁeshoafﬁl}n @g %.ntl“)ng sensor

as conpare crete rite’ core wr
10 1smtﬂposid&ﬁ‘&&bns@n badigli 2;iaanatkixasheand agredover Ithtﬁd(td‘nbr ¥8face of the
of the ferrite substrate i S_noi se suppressi

sens@Apdy A, With dueiesiest Idicaing makeuiss 16disyiged BFoHighonthe patrix
layerf, £rddidfonIURsL rl@,t ge;g.v&nl LEI?‘,thlatteﬁ'ugqgﬁiatlon, including radiation over a

wavelength or range of wavelengths which interact with the indicator molecules, i.e., in the
case of a fluorescence-based sensor, a wavelength or range of wavelengths which cause the
indicator molecules 16 to fluoresce; and a photosensitive element 20, e.g. a photodetector,
which, in the case of a fluorescence-based sensor, is sensitive to fluorescent light emitted by

the indicator molecules 16 such that a signal is generated in response thereto that is indicative
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15 hi gh-frequency energy in the same manner as shown
in Fig. 9, wherein a ferrite bead 901 is wused as a
WO om4po2ase4 filter around a circuit wire 902. PaRGI/DfRNE11393

circuit wire through the ferrite bead causes
danmpeni ng of hi gh-frequency conmponents of current

of th®PRF 8l TTIubseeB of 1R iNiERor ABRculbD MRS BB 1 0HERE i8dl6dEs 2
danpening is undesired, it is inportant that the coi

modje ORI@ptsmgeﬁ& aontraling olettheni¢ eireuitry and bsemparaure2@ni@@3 fpr

dvant ageous use. of a ferrite material substrate to
PTOVIHGE 5 m?ﬁgeg 8 of noise on other circuit

[oossamw&aﬁmlge {2 abburbigt Jﬁﬁ@féa@mg rﬁ%irﬁhe l4BQcfoP2@Mhe effect of ambient
mbodi ment of a sensor 10 which operates based on the

light iﬂamnegm Ehacdeteoﬁng swice st éetectorrﬂﬁ shatibrberoinguizkés Qnasnethod of

accoaiihe Bisdy FugtietnLEErRR apidh oReB R Ba g pars gl such tha the

effec%)gf QfibRint ﬁ?ﬁtfcﬁ‘lccfét&tor@@%a}ﬁ%ﬁ&elféﬁ ¥t JRowde Nhe high-frequency
| 'uor escent i ndi cator nolecul es 16 di stri but’ed

51gna11 hsedugldou¢ theHeEDratayiadd 2Bddsayglele ondormdioate] whichoviraneprds8nt must
LED,. that.emts.radiation udi ng radiation
be el consldeiah Bh i Sro D BRI O TEGERS v ch
[0039]n[tjﬁ’de§ﬁﬁbl¥"bﬁ BobiaG1d BGkaE ASI9E cATIBEMEGR otHer Sourcdshs WL, The
case of a fluorescence-based sensor, a wavel ength or
sensard Agkeavirig avenikbl @nghick isdxcitbd bya steortﬁiagh—tﬁmdmmy oragnetic field, may

be su@wéﬁ%%la%s @’%gaéatqlf %@F g@@aﬂgcyam%%@g%%f Tfﬁa%ﬁggsf@%?my
s1gna?r1{ gléﬁﬁ ﬁﬁ&%ﬁ?l : E?%%Qrdse@ al nbﬁ%ﬁ}eﬂa?o?l.é féﬁtstcﬁt the circuit, such as for

rescent emtte I cat or
exanipid, @cthle @FT1 68 sfichsdridt whichi mneddvelselgaﬁfectahedpermtlon of the overall
response thereto that is indicative 7 W 2004/093504
devigeCT/ US2004/ 011393 of the level of fluorescence of the
[004%’%%9%% | eGHL E%ygtrlﬂ% GsafARE Péﬁ afc%rhﬂl%rto 'tl{é%vél%nathe
l'e or u5|ng contal ning el ectroni’c circu
deletaﬁtdls&fﬁeemfehamghéreqemmo&é oh@ther pireit ehinfi@nants may be
nmper at ure readi ng 0038] To_ maxi nm ze the accurac
sub Stélﬁtlatlbrém.hgafasi Ry ¥ @fﬁn’tl ® ra%tfw @ivedgad wihe thepyglethe dgrrite substrate

t P [ r.f of
asa 372%?’20 sho%B 1h E‘[&% ﬁa&%bgﬁﬂ%ﬁoﬁnﬂlzstagﬁe %ﬁftﬁg h{vﬁgt d&:% VEE0Ofs formed
through cloanfetrits bilisgratenlios . ILED D04l nve@imtddernldnl sdetdT tlee shjbgll’ﬂate 101 and

frequenc excitation signal, .such that the eff
drivegidRt A 0Picgh e Brouaist @BtaBoPPosiiFeidant ﬂéeaﬂkl?é‘lr‘ﬂ@éobuf‘* drive SIgnal

condE%%FA’(%r frorg El? \%rhlfcﬁﬁmclé( boouZér(%B %e Eﬁﬁq ol Qhr%{l %\% lg‘lr?t\}fg 401, thus

undesira noi se,

decreasiag et effagsdf hifie fitqlkedy nols© it ﬂ&l LRI diive NThefeeléts isghstrag may
the remai nder of the circuit. 0039] Undesi rab] e,

be cogsiryssed rpvineaneye tha ongoyia as %e&ﬁe% ter thfadic erhed s wisg from a
mrcu@%(o:%é%el t;g)ag bg??lgcgcg [Iﬁ%?ﬁl_ #]%Vdr Ao &va8 hé néleggd Wﬁifg} (ﬁ,O?Sr?ia )’/The lead

requency magnetl c
wires from more than one circuit component may be routed through the same via or vias, or

different vias.
[0041] According to another aspect of the invention, the undesirable effects of ambient light

impinging on the photodetector are reduced, and the field of view of the photodetectors is
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be surrounded and perneated by the high-frequency
magnetic field. This high-frequency signal may add
wapaesasebl e on-board el ectrical noise in variPUBURAN/E11393
of the circuit, such as for exanple, in the LED 18 of
sensor 10, which may adversely affect the operation of
1ncre£§%§ Wlﬁbﬁh% thel$hofétcefor td He4RttoRB)suMhdd dﬁh@fenﬁﬂ%%ulastrate opposite

ferrite substrate used as the PCB accor di ng to
the syrface enivanch thiad EDisireeuntddo (hisisisbewn of Figh®

h- fre uen .noi se, on er CI CUIt co ents
ro044) Sy SFEIFRHPS. R b B, Tediionk e TRaD T bieRpvsne
radiafibn YSiréSPFand dt @aagwo%&tf thid @adi &Il 1§ ?ef&le't*éﬁ‘iﬁtéhﬁll Sth8 surface of
'via." As shown in Fig. 4, according to this aspect of

the sariser hadydidt .an as a lo¢asion@2, thsreby 'mauicig@” bimkeangkforthéhroughout the
- .fer{t'hte subﬁtcgla]tge 101. LED 104 is nounted on one side
1terigy o g ST P e 101, and drive circuitry 405 can be
[0043JDRJ RiesteR %Lﬁ{d tﬁﬁﬂ%ﬁ‘é 1c8lestbd Eroff tht BRerPaR I iRt RndR bodfand the

ive signal conductor 403 fromthe drive circuitry
surroddng sedom Esd:apmblt bfinteEidtihg 4vithhindigathr toeculea cewdd oty thesurface

creas effect of. high-fre uen y noi se.. o the
(whefhgp Qe A el e e aiagE FR oS F P BRSHTE Qicugpecace in
ﬂuoré@yﬂtQHdlgaﬁﬁmbf%@ﬁ‘leQ%téﬂ éh @8 sierdeth Lifidd, tight \tvﬂi%h strikes the
noise. The Tead wire froma 25 circuit component nay
interfaee atougled (mha'sumghe]anee ora diprcgov hasnah o the etedfaded tdfol dntedlto be

se. es fromnore than one .circuit
refle R L cHE) D ARG oGP Sugiestang ndicator
mole@tﬂes C@)ﬁl@?ﬁl@@és WiRSractiOPFdHve AEGR rhghf‘(?) bR %a%%f%ﬁﬁﬂﬁ@ﬁnterface
of the i nvention, the undesirabl %ects of anbi ent
and the gidfcatar mrp:letgﬂlasglaw alst beguhfotnadiet beatseful dem:ndmglmeue camstiuction
he field_of view of_ t phot detectors is

of ané PR GG R trsenés? @@&1}? piemgedes 1H@Pé%§‘é9&es°ﬁ§%t %Wﬁlf@i and
surfa&f@ 22h RAsLBEL egggmgaﬁgnbot tom surface of the ferrite

rate, opposite the surface on which the LED is
[0044intunillmdiratddbg Figs 8 sdtdemst sdmd:ﬂ)fghe hght[efO4&] b}Bb]le\deséent indicator
pl anati on, as shown_in radjation (e.

mde?@@ﬁelvﬁ itterg Uy Sensrs boniﬁé%aﬁtlﬁhs&dlgf‘&t}v eeafig bsig rsﬂeqt%ia@t t
outerﬁi% sufacd P?l/ ﬁgf l.21J 4P sélﬁgf @deel%s Sf‘jthe %a‘%ﬁf ﬂglaly Alyg t11i7l{':§trated in

sur ace o e sensor dca
regio2 30. Shek ﬁh(yresda:ﬁtﬂmght 2§'is thag br@a@téd)mtdma‘lbﬁhﬂ@@mm t]hdﬁ&nsor body
interior of the sensor body, 12. % It has b
{S

12, myugh e thegpdipfign ?mrt@mbé{éh%@d?aﬂe}?rﬁ@%e {hisetid éllse r@%létlon

emitted BZ He rQ@ig‘Mor?%ﬁéeh gcgné Whi Qupd HEQn éé%t\kiée sgr lS’ctdy and
I nteractin cator rm Scul es coat ed e

the swrdndos médmhnﬁtaln englenab ethallitd Betdflycteh end il pztss (baﬂt autrdthe

within a matrix), e. R, exciting fluorescence in
sensor body.

[0045] In the prior sensor embodiment as shown in Fig. 6, an optical filter 34 preferably is
provided on the light-sensitive surface of the photodetector 20, which is manufactured of a
photosensitive material. Filter 34, as is known from the prior art, prevents or substantially
reduces the amount of radiation generated by the source 18 from impinging on the
photosensitive surface of the photosensitive element 20. At the same time, the filter allows

fluorescent light emitted by fluorescent indicator molecules to pass through it to strike the
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10 fluorescent indicator nol ecul es coated on the
surface. In addition, light which strikes the

w0 ndog09mee at angles (nmeasured relative to a dPC€EUB10041011393
normal to the interface) too small to be reflected
passes through the interface and also excites

photdsbaki RSGLIBE D F ke deltdétzfre&‘ﬁﬁm%ﬁﬁ&hﬂﬂéaﬁmeml@qﬁ ki@Sphotodetector
O her nodes of interaction tween the light (or other

signat Bhat tattohytabledo invidanhradiation &ronaihd seuree 1di cator
ro04¢] D oTRmUE Vet Ak B Uy prlion LY R PR arovides

a sigifi AR bddiBbed) a8V HRige TR 4R tHe Mk de Y MAREIEEMs 0¥ %draiﬂcma:nt light
and surface plasnon resonance type excitation. [0044]

and thgs schtkars tesaiinstlehi/light ¢hanghe ennvertinni]l whiteceyfmicarcpit hard
em tted by the fluorescent indicator nolecules 16
Ealii? ers the sensor body 12, either directly or after

[004')} eA ghokef ﬁﬁ@% & 2 R¥nsbPgevi@WB0B [ BRGInsSUEHAE 8CBM (1 Mhind associated
respect to the sensor body 12) of the matrix layer 14,

circudsompbusity ercestdi witli0 sensgi wdy303. Bmoiptibhal Ak Eomntrollergil and

assocbagﬁi/gth%rgc%n %1%1%15 gﬁzesgﬁlégstr ’n %lﬁl ; Ealrc}lpu Ot ttethsﬁ‘gs eatc]es aﬂong with
an LEI@@D@%(Pgh&Q&EB&% sh8a b 5ad. Inlob&%’u& n@hﬁt%ﬁio@% 1590 is used to
the radi ati on source, strike the

measiugttbe fﬂati@dkfhxowwemcb Isgnslewhdc plmzidghodm fl1tis aasexlmorrmasuhiemg

medi um a es t 00 to. be refl and
reforigg SleBE n G ot e gt ‘B ahetosigdy ggﬂ% st yasasure
separ@tre 119&1c§t81n§1§1’ia1 e adfrmp Wa@ﬁelﬂ?ﬁ)\ﬁf‘witﬂ dﬁfé}ent%dléﬁoﬂ%&ﬁéa{lly

ter 34 preferably i1s provided on th
placeﬂj fg)h txaapls) tblrm@sw chhffaentfarm}ymspin dtecsdmeesemwr ZRik;st anzhil sehond

optialgpegi S oHaG e 1osh R IBPpRR o e e oene By bpring hcfs n he

subst?éﬂ@%@ﬁﬁlhgltﬂléfn WABAHCER Y 'ﬁ?tef‘aﬁﬁ’téﬁﬁl A t&ALER! § 1‘85‘151011—fabncated
generated by the source”18 from inpinging o
glass ftiietsonenbe gluwdiatfedotesof t he phot osensitive eI errent

oo i mouitarn BE PRoTDRRS 1 10a a8 o fiotes Bavee é?q#%’ﬁe&ftﬂaerfen’ite
oL USSR ARSRUREOM B BB i
to scaiferddieEld ehé atnbient lightSrosi g:mrefas@ﬂmr thanrted fle@ssdind mdlcata)r matrix;

the p otodetecto flr ﬁ? t hat ttrlbutableto
COHC?IW&%IH nthe RBFIriaee ¢ tg PHE S%% 0f8n0f 552 anysigntfcagt
amoufn?f)fC n#lﬁ 1I§éf§e%tt E}?etr&n' @éo%g'gstgcf Wﬁtﬁ?hec V’&Mdngm 1té’\€@r£1ﬁ ¢ circuit
C substrate provi cant adaltl ona]I
boarchsibbaﬂnzitag Addmohh]]:hy biyhﬁo«hitmg khef }ﬂroltode&:ctmﬂ foinathe apysotdthe lower
nor e_i nci dent 5 and t hus scg@: ers | ess |ncident

surfagg Qfithe Pﬁgrﬁubﬁéat?ygﬁ\%@rﬁqgkﬁ% &FF light from gheripdicatop mafriy 4re capable of
unpn%‘?ﬁé & ﬁl%%gfo"%éctor surfaces. Thus, more signal light is capable of being used to

develop the photodetector signals, thereby further increasing the accuracy of the quantitative
measurements. This configuration further enhances miniaturization by allowing the optical
filters to be placed within the substrate and thus occupy no more space than the thickness of

the substrate.
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[0047] As shown in Fig. 5, a sensor device 501
contains a ferrite PCB 101 and associated circuit
w@ormpomsnt s encased within sensor body 503. AnPOpPUSmN&DN11393
ASI C controll er 505 and associ ated ot her conponents
507, such as 1Cs, are nounted on the ferrite substrate
[0049}| TRGeiddr BodPs ma@aé&ﬁls@fiﬂ fphell P8 asitable, bpticaNd tdsmissive
. In operation, photodiode 51 la is used fo measure
polymﬂénaémalt(@r@amlc@mr@swm avhdghyindl act ahan eptisabieds gdée. Fireferred

nmeasu n nal. In an
materiyly o ARG oBpia Fifs PobREUREP SR SBE S1 11" o used
polyHy@rd%?@@p&mle%acﬁﬁ@t@ Ad thellike] &t dyo‘éﬂ@ﬁ@ﬂes Alchas dhdsk @6lﬁﬁlﬂhder the
wavel ength or with di fferent indicators physi cal

trademlaﬁfcle@an% rTheyaatpriad allows radition gencrafed be therradighen Wé@ 104 (e.g.,

ieh b B RETE. PSR Iub P PR A 8 P Rl RO i)
and, HURSE4s810€ a MioRBENGE HARH @MboBintdhe Dbt HoBt dnitted by the
filling themw th the epoxy filter material.

indicg{pr welegtleb.\to ﬁ]@V@lthS)llE\lhltf abricated glass filters may

005G e RS i 0oy BB B8 ri b eoatines 32

formédéh theehild 6f the ¥asbF l%d‘? 1@ b bn/the RERFo ﬁﬁfa@@Bf @8lsensor body and
filters 509a and 509b; the photodi odes are |ess

‘the mtm'd@mrl 18}, to maQintize Qrcraahameéhb infenad meflestibn efitheradyétion and/or

ight RO LA ReR S o he ok 'S rH AE60 e Ay be formed, for
examb®, fohSpFhtRE it ! QHQ@(ﬁFf’zeGQﬁatéﬁéfﬂ ect any significant
anmount of light incident thereon, as contrasted with

[00511 HﬁlempphwmdnHWhm Itheeienmréﬁ]accqrdmgmm pne fmpactadf the invention was

trat Addi b t th oy e
develRHEE BBt Gty e GRh PRE HHat B GUBHEP R uyhich dds sytable -
is metaﬁﬁmg%ﬁﬁ’sbﬁwo%ic%l aﬂa‘l’ﬁ&ﬁﬁ tl?cnlglrﬁa?n fdyl L8 h%lut:{)s%”bi}khﬁrel, toxins,

I ndi cator matrix are capable of 25 inprngi ng on
pharrpetwummiadast auitber dugst bmamleciﬁlw,shonmnn%, gidyother Ihﬁtghlﬂl(] aalytes. The

e.of b use velo t he phot tector
speci§E BgpsSamarbp hafar S i HEP SRR aysorery
depeﬁ SRt aﬁ%ﬂéf%nal%%ﬁé@e%@"ﬁ R belted tF@kds Q.H&/@]é {VﬁQre the sensor

her énhances miniaturization by allowng t
iz to bmumedab detkétitheamlito (e ip l:mdﬂ@bdmmh |smbdutmesmddmsu@1) eTand

t hus, occu nore s ethant ess of the
prefegg glﬁf%l‘it%‘%lfﬁﬂ\meﬁ?feﬂﬁg@%‘ﬁ&?ﬁ é@)i?“(glﬁ@%wi%ﬁ@}w
mdlcaiglem%f‘e@ﬁf%ﬁ t@ﬂ’ig%narl?t’é ﬁgm¥%ﬁ$§l cﬁaﬂa@teﬁ@ﬁﬁ%@t td 1ﬂmc§tor

sui tabl e, optical transm ynmer materi al
mole§wdey@rp.,.che tevemfrigmmscgncmhf fihorasdeht ladtcata)s nmﬂleouhis) arala function of

wa e de. Preferred nat a e acr ynmer
the cgr&:\éﬁtr g)lnﬁgﬁlgﬁ@%\? Ccaplptede %é&!theéle matlilicator m ecu e are exposg’d
005 O BYGHAX YRS A0y '{ﬂéa}ﬁﬁl?ah Yolly AR sdrld6r 10 # GornMA preferably,
[ ﬁg“ ycafriﬁonat es sugﬁ as t olse gopds ungrer 1t ho preferably, in a
smooth, oblong or rounded shape. Advantageously, it has the approximate size and shape of
a bean or a pharmaceutical gelatin capsule, i.e., it is on the order of approximately 300-500
microns to approximately 0.5 inch in length L and on the order of approximately 300 microns

to approximately 0.3 inch in depth D, with generally smooth, rounded surfaces throughout.

The device of course could be larger or smaller depending on the materials used and upon the
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5 trademark Lexan(r). The material allows radiation
generated by the radiation source 104 (e. |ight at an
wa@ppromsiat e wavel ength in enbodi nents i n whi cPCT/082004/011393
radi ati on source is an LED) and, in the case of a
fl uorescence-based enbodi nent, fluorescent [|ight
inten&éﬂ tidee @f ﬂM debie. Tﬁﬁicﬁﬁtﬁ%ﬁra’tfﬁiﬂ Remite the sbsolr ll@V&be Ilﬂpflmg@lnto the
[0050] As further jllustrated in Fig. 6,
umaéléwglwl aodesmpllnpsigta wmdedpas tisfuce émclvélng@l@tpuon@@s BQbIOSIz@ vessels)
w1thou(t’ EﬁEfs%%go'} snfl,ltr e%rggd\%*tﬁ) #gllptgaelﬁgg ?}pﬁmgt%j S oé%alfsﬁrggt ?\A%%Fssn;e%%m or
dlscolnﬁyﬁr 14, to maxi m ze or enhance the i nt er nal

reflection of the radiation and/or light enmtted by
[0053]| Merees ere Hiwillrgi apareoiataddha aoy e@plarrthéaqeéf\ménm thedhuman (or any

be f
oner AP ReEY ePSub S s oBORR ot B PBAE! s - van
causdM §dind HQerR ENSMFei diPb AFGPh Y Withi® R @gﬂ@ﬁﬁ i1Ré whitd the implant

i nvention was 15 devel oped in particular -- although
is insgyfech sinplziy virtiee afithe fagiipht tbatmldnntfmcsemmmrnulus gn the case of a

sensqr#lo tﬁa& 1%16@?115’%%%’(%1811;% nga\#%aé%cgrg The ){V&%I ﬁ&zasﬁgns)ét 18 'most often
fibroR& 8ldapSRMEdnC Bb.Sthe forAish ol bda8Eissull GRE W Brimary analyte which
hor mones, and ot her netabolic anal ytes. The speéecific

Sensagy nqy@sdmg torthe ﬁnvmh@omm: iekixectesyte be ndedaodletdel--inmayi feaie s rate of

aitrulfin 55 oS Brlfeg 5l oy SRR GhdleMRton bR e owveen 02)
whlch\"ihesre?y Erﬁ@ll SENFIIve 21@ rit8 of @iffiSioH D8 thahoftati®ed Bsuch fibrotic

anal yte (i.e., in the blood or in subcutaneous
encamsub@ue 9; weltwg’ hlSps eiinenly betavsedhe ctlbsrfogning dhe filvmtiv encapsirlation
sur.

er 14 facilitate expo of..the
(scariiied 51ohe ROIeieErEE BT M AR TR s et o iffrent from tha
of noPRkl t&he. Characteri stics of the indicator nolecules
the |l evel of fluorescence of fluorescent indicator
[0054}cT ecvdresie tiispaeritishbindomcofo ortdekydo nmtngethe onlicaformdecules

ecific an te.to V\,hlchthelndlca ec S are
to biglR G5 iy BB U Iy PP RRTher Fin RS SR . GNP RE fahe approach,
which %‘ﬁ?héf)@ @13{6 sifn fes§ @arch,]:épseh%rftﬁﬁﬁ@ﬂterﬁﬁ@fa?&ab'oyerl}hﬁg the surface

snoot h,” obl on ounded shape. Advantagéously, "it
of thy msmﬂmdaﬂ@raodﬁonﬂteeinéibaer mnwcslhaﬁemelveawbeame ndigator

mole llfﬂar %% glsmé%ﬁ el ag}l Qp éggurg@@ of mecgeﬁ?gﬁaplg‘? o(r) overPymg the surface
of th@ﬁl@frﬁé(l'ay@tlgl \M’lé?l tRe {aFAtdr Tnd16R8s rﬁré—ccﬁfﬂﬁn&ﬁh&%ﬁl 9 ﬁ@ﬁ%ﬁﬁgd from

approxi mately 300 mcrons to approxinmately
a mafenialdehich cysesittle ogeneptibleicedivof ﬂhbrotw amuapsiﬂ&lmn‘tatfem Two

t hroughout. 3 O The_ devi ce_.of cour e rger
cxepfes RO GBS ARG (on b it JRung dat cBirer Gisg ar
Preclhlié™ PelioaaP Mt ar v iedl, AL 0&RD §nd

e uses oflo%!%e deV|lce T%Ys cgn i guration %&%@%ﬁgme
covaketls comlifed withéryirphdes adesanibed ﬁrhKennedy, "Talloring Polymers for
Biological Uses," Chemtech, February 1994, pp. 24-31.

[0055] Alternatively, a sensor/tissue interface layer that is composed of several layers of

specialized biocompatible materials can be provided over the sensor. As shown in Fig. 8, for

example, the sensor/tissue interface layer 36 may include three sublayers 36a, 36b, and 36c.
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human body, i.e., dermally or into underlying tissues
(including into organs or bl ood vessels) wthout the
waengoe3snnterfering with essential bodily funcP@DNS2004/011393

causi ng excessive pain or disconfort. 5 [0053]
Moreover, it wll be appreciated that any inplant

The pibdaye3 6w, bhayer Whechipembtet GEsuafiyero®it) pref@ablyad msde ROEY

. -- even an inplant that is conprised of

biocorgpaiibismateripl et prmits the penetratign|of capiHerdgs 37tintogbewen as fibrotic

‘ t : \ [ r Wit hhnsthe or j

ol 391888 o) LS, SRIY PR gl 55000

Dacroh®t(RET] Hasculdtdratt heatdriil Whith BiesieRh $n asesfol mahﬁ §eard, And
the case of a sensor 10 that is inplanted within the

MEDRR(¥ Fioypafgrialmeduced fonyhighdaysityeopistiyienci(availpble fism BAREX
susbdL B 5P oBIEARLE Pl s B RO HSBr S St

r'imar
archi&e0@¢€ Bongott Gsdud@nd RyNtar AEreiid iRRBE L Qe r&RUsRY. t 0
may have its rate of diffusion or transport

1005y, Fiorbisysy SGueh the photapd crolsyrbil el opsonahle layer with  pore
size (T ¥ i BRRALRE Ly sigt iy Sl R mata Lot Bosue

ingrdvth s@8lhyer 36R8RRSI (REVANtiRSe Wk bwih T FrebntSiptteifed material from
because the cells formng the fibrotic enCapsul ation

whichghq siblayer 3absig 69 be madpis theiPreelude Redodardialdylgmbrape (foaverly called

i.C. ractery sti. i ff ni, fromthat, of.
GOREEAB RS e 365 8kl 45815 s S8 i By atiiss of
expahiddddioryieiea-FlRoethRhaYeFTFEXPOSi ng the indi cat or

nol ecul es to biological analytes, two primary
[005Z]p prothidsublaye 300 ntisnph atodetulansicve.dien gt frovidaea molecular weight

roach ich iis perhaps .the sinplest approach, . a .
out-FEREERFY eliEnf sl o ipaituogbBp s i iHe 200 b Gewoteins
whil2Bll@fing bR SBRE06: RABYesb? iRBL4Ab phdi@nioleh §a5 He indicator molecules

__nol ecules thensel ves when the indicator nolecules are
(citherrnoalsi irgeity eti thesehspr bedyt Feordumichdlézedwithie a setsotayer 14). Many

oo R T BB 2 6y b e
cartrideD HRPBeEed foR Me RoRBIISF WabniMN 6FF 163KS6s |ittle or

acceptable levels of fibrotic encapsulation to form
[0053wés walk berpdcegningd, shectensmatie shoirsindég.of isbvdwlliyselflentained such that

literature as having this characteristic are 25
no clppEe Tepdv G g g Gl Ui ooy cvien & sFRPly peveafpithe sensor
(c.g.,B0F &iviRd %e%hﬁé'eﬁ‘gpkht 2l teRSmit %%ﬁ@lls%gﬁﬂ Ml,,e%@ﬁq&.”ﬁﬂ Mihdelectronics |
hyd e y, "Tal I ng

. rophil es as described In nn orin
illustrd¢d/imdtis. ¥ may b8holssd it amodsles6'"as Ghewnh achig. f-ebr uary

994, v 24-3 1., 055] Alternatively, a ) ) )
r00soRe 55 il BRastoRtiatd ety agss P baeed Shiss pbodimes described n
. 1856 aEETRiEc] SUeumEBOdEnate
R B e T e S e

inverftion m& Ascebeaanpllied it hrumbaradiotter sgplieaiiotsentiasse fdraskampRHan

i.ncl ude three bl ayers 36a, 36b, and 36¢.
absor%aal\{cel-base Sensor or are gctlveyinde}(—based sensor as described in U.S. Patent

Application No. 09/383,148, filed August 28, 1999, incorporated herein by reference.
[0060] The invention having been thus described, it will be apparent to those skilled in the art

that the same may be varied in many ways without departing from the spirit and scope of the

13



12 WO 2004/ 093504 PCT/ US2004/ 011393 The subl ayer 36a,
a |layer which pronotes tissue ingrowh, preferably is
woree/09350m a  bi oconpati bl e material that pernPCBUS104/011393
penetration of capillaries 37 into it, even as
fibrotic cells 39 (scar tissue) accunulate on it.
invertone Foe¥tdmplyaskild @k ideafién HRMREL AbscliBEINwE reference to an
. Dacron(r) (PET) Vascular Gaft materials which have
implgdethsenpor derice othe pringiples af the imyaition NEPDERPBiwitateey prhted circuit

hi gh-densi.t v..nol vet hyl en vaj | abl e
boar AR R T PR e B B PR 6 SRl Aelpipower
trans¥d GERtibAS Ay GAABN ShéH MBdifibaidRs Siezfienadtbiol compassed by the
architecture pronote tissue and vascul ar ingrowh into

5 folloyig l3i8ue i ngrowth | ayer. [0056] The subl ayer 36b, on
the other hand, preferably is a bioconpatible |ayer
with a pore size (less than 5 microneters) that is
significantly smaller than the pore size of the tissue
10 ingrowm h subl ayer 36a so as to prevent tissue
ingromh. A presently preferred material from which
the sublayer 36b is to be nade is the Preclude
Periocardi al Menbrane . (fornerly called GORE-TEX

- Surgi cal Menbrane), available fromWL. Core, Inc.

whi ch consi sts of expanded pol ytetra-fl uoroethyl ene
(ePTFE). [0057] The third sublayer 36c acts as a

nol ecul ar sieve, i.e., it provides a nolecul ar weight
15 cut-off function, excluding nolecules such as

i mrunogl obul i ns, proteins, and glycoproteins while
all owi ng the anal yte or anal ytes of interest to pass
through it to the indicator nolecules (either coated
directly on the sensor body 12 or immobilized within a
matrix |ayer 14). Many well known cel |l ul ose-type
menbranes, e.g., of the sort used in kidney dialysis
filtration cartridges, may be used for the nol ecul ar
wei ght cut-off |ayer 36c. 20 [00530] As will be
recogni zed, the sensor as shown in Fig. 6 is wholly
sel f-contai ned such that no electrical |eads extend
into or out of the sensor body, either to supply power
to the sensor (e.g_, for driving the source 18) or to
transmt signals fromthe sensor. Al of the

el ectronics illustrated in Fig. 2 may be housed in a
nodul e 66 as shown in Fig. 6. [0059] As also wll be
recogni zed, the fluorescence-based sensor enbodi nents
described in 25 Figs. 6-8 are just exanples to which
the di sclosed invention nmay be applied. The present

i nvention may al so be applied in a nunber of other
appl i cations such as, for exanple, an

absor bance- based sensor or a refractive-index-based
sensor as described in U S. Patent

14
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Application No. 09/383,148, filed August 28, 1999,
i ncorporated herein by reference. [0060] The invention
whanuiogesbeen t hus described, it will be appar ePCT/US2004/011393

those skilled in the art 3 0 that the sane may be

varied in many ways w thout departing fromthe spirit
WHANGS STATRIRY 1I8:he 13 WO 2004/ 093504 PCT/ US2004/ 011393

i nvention, For exanple, while the invention has been

i Pevit @evise.rcomprisinge to an i npl anted sensor
dey;| i el f ' t] be applied
o et Al S50y B I U B R 8 PRB e

bottoOsurthoes; fikdt @nd et iside Sutfsded Bet@ReD Suid e shddRktdnOurfaces along a
si gnal , power transfer function. Any and all such

majopAapsusioatthespel, apdfitshauhiseend @dsuriases bepresssaiddgp arkbatom

E%I Il 91@{ p%- | ai . 14 004/ 093504 PCT/ US2004/ 011393
surf l%lrakggqséo}lﬂf&(ggépri nted circuit device,

C oati¢dsSoedircait Suhpbhéit enduted®sl a sadds sighick aF kald edibstrate; and
ferrite material, said substrate having top and
bot ¢awnetar formed onfspidsubsirate andeatradgigdy e ond efceis! main surfaces
t sai nd bottom surfaces along a 5 nmjor
ami&ﬁﬁ%@é&gﬁﬁ@%@?i@ﬁ%nand first and second end surfaces
between said top and bottom surfaces along a m nor
di mensi on thereof; at |east one circuit conponent
2. nolharantedcircuidonics of thie lowhergingaid aideashens cirpi camponent lead
. r. f-orned .on_sai ubstrate and extendi ng over
mrm%%ggﬁﬁﬁﬁgpggggﬁﬁdgﬁF@ié@gﬁﬂghd side surfaces in a coi
pattern. 10 2. The printed circuit device of claiml,
wherein said at |east one circuit conponent lead is
3. r obheawintef oyt devige@f tloimBowheremesia] af Unst ot adrcui compenent

rin cir.cuit..devi of .claim 2, . ein said at
comiskl} R b E iy o & A L PEEES "
light-emtting diode (LED) and a | ead for said LED. 4.
The printed circuit device of claim3, wherein said
4. | eHip movekarqitdepice o1 glagn Bywh¢reimdaid 18ad fiimeaid diER &k drive lead.
circuit device of claim2, wherein said at | east one
circuit conponent lead 20 is routed through a

5. Pl THedrirtda @fcuvt RSick F BREn RNwhekH saldbs 8t e circuit component lead

is routed through a plurality of vias formed in said substrate.

6. The printed circuit device of claim 5, wherein a plurality circuit component leads is

routed through a plurality of vias formed in said substrate.

7. The printed circuit device of claim 1, wherein said coil is edge-joined around said
substrate.
8. The printed circuit device of claim 1, wherein said coil is used for transfer of data

signals to an external device.
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6. The printed circuit device of claim5, wherein a
plurality circuit conponent leads is routed through a
w@bkanabisvy of vias formed in said substrate. 2BCTUSZN€011393

printed circuit device of claim1, wherein said coi
I's edge joined around said substrate. 8. The printed

9. CiTleaprintelbvitaast ddfvicelofchiind 1, whereRi saidsailds €8dd fok Sndusi@ed transfer
for transfer of data signals to an external device.

of eleptyio BPWAD fmn a7 gUsBBUPEGT/SUSEP04/ 011393 9. The pri nt ed

circuit device of claim1, wherein said coil is used
for inductive transfer of electric power from an

10. exTiey pradtedeivait devRlof cladid 1, Wherersald f¢ht€d SigdbitdedRBiCL
of claim 1, wherein said printed circuit device is a 5
composapor @ dmplantahle sepsaadesio thatparbwms qaentiatiterpnalyte measurements

1 per titative anal yte neasurenents wthin a
Wlth%%&%%ggﬁgﬁﬁﬁl{%oﬁ%mg%ani sm 11. The printed circuit

device of claim 10, wherein said at |east one circuit
conponent  conprises a light-enmtting diode (LED) and
11, whErehrintedh¢isrugirdenice @f elaim U 0+ whisein saidfay faaplenedreuit component

comye Mot ts QDGR EN R LG b il B r

inclu@ihgat Rastne§heiodetdttor.devi ce  and an inductive coil for
data and/ or power transfer, the inprovenent

cbrrpri sing: formng said printed circuit device

subs tially, of ferrite.material : .and 5 usi.ng .sai d .
12. SR BB fePleg bk bEAMEA R PriaiRlined o Bl el devie
and dnfBdgtivY Eoil Bdrldata ahd/or Polet@irRES SRE BnsRRERENtdRMIpSBing:

conprising: a light source for introducing i ?ht into

a formpessidanintedeirautdsyice Westantialdy efcfeitaimatertal; anddi um

20 a phat odet ect or. d ing light. emtted by said
1 e RLAR 2l dieet BGHR 1B B P st o

light, and for outputting a signal proportional to the
detected light, the response of the fluorescent
13. i ndifivareseenga srispyddviceacoopritargie with the presence and
an_anal n.the nediu

P C sy FudR G Rk g P BRERBing iR g practs with
medi§Rppl y, and for !

a photodetector for detecting light emitted by said fluorescent indicator in response to
the introduced light, and for outputting a signal proportional to the detected light, the
response of the fluorescent indicator varying in accordance with the presence and quantity of
an analyte in the medium,;

a coil for receiving electrical power from an external power supply, and for
communicating said signal to an external processing device; and

a substrate formed substantially of ferrite material, said light source and said

photodetector being mounted to said substrate, and said coil being formed on a said substrate

such that said ferrite material increases induction characteristics of said coil.
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2 5 communi cating said signal to an externa
processi ng device; and a substrate forned
wGeiweneasvd al |y of ferrite material, said |ightPGDUSIE4/011393
and said photodetector being nounted to said
substrate, and said coil being forned on a said
14. subbd fladrescestscenidralevisabficlhied (3, tvehefgih esidaight svtFRamaSaid
i nduction characteristics of sajd coil. 16

: w
photogstrais dSBsAPrsiod srolya) wetaaf sagbsubsire.fand sridsed eing formed on
. e aim 13, wherein said |ight source
asa§ﬁ§§§§P 8¥%ﬁg§g%g%%btor bei ng nounted to a first
section of said substrate, and said coil being forned
on_ a_second section of said substrate. 5 15. The
15. 1| T Hucresserceswhins dewies PEeaigt 1 Ivdionsin s2id wpld esteadsapend
il . opposi ng surfaces of said
0pm§§%§?§%%ggg%g?&%ﬁ§g?luorescence sensor device of claim
13, wherein said |ight source conprises a conponent
that is routed through a via formed in said substrate.
16. 1 oTherfluoppssenqe s5pecs denice o5 daian 3, deirr e syl lighbsowrceomprises a
L0 :Ssa] LA oh - I d said
comfiEA LA Ml lduch B B8 RO OB BB P 0e ot claim
13, wherein said coil is used for 15 conmunication of
data signals to an external device. 19. The.
17. 1| Ho Baiesercessnins devie pEelaigr 1pIvdionsin said whid isvdgeswrpped around
: IS used for inductive reception of electric
Smd%%ﬁgﬁkTron1an external power supply. 20 20. The
fl uorescence sensor device of claim 13, wherein said
devi ce conprises an |nplantable sensor device that
18. peFhoflvaressangesenser idpeica abelyine ! hvdsteie Aeid cail i safl dora
iyl r ' The fl uorescence
“”mggﬁéﬁg%-Z&ﬁ%g%%?%gﬁgﬁﬁg%ﬁgﬁ&ﬁé?%in sai d device
conprises an 25 inplantabl e sensor device that
performs qualitative analyte neasurenments within a _
19. poblie Beorgscepqosentpr deyanpEetpinph3, whiseein paid ceid deyree for inductive
[ Vi | ai m.20.. wherein,said |ight source
recet ST EIBE el Bt B P HREME ED) and sai ¢
substrate further including at |east one
phot odet ector. 30

20. ~ The fluorescence sensor device of claim 13, wherein said device comprises an
implantable sensor device that performs quantitative analyte measurements within a body of a

living organism.
21.  The fluorescence sensor device of claim 13, wherein said device comprises an
implantable sensor device that performs qualitative analyte measurements within a body of a

living organism.

22.  The fluorescence sensor device of claim 20, wherein said light source comprises a

light-emitting diode (LED) and said substrate further including at least one photodetector.

17



17 WD 2004/ 093504 PCT/ US2004/ 011393 23. The
fl uorescence sensor device of claim 13, further
W@ ooopdISifag a via formed in said substrate foPCT/US10041011393
of a conductor for a circuit conmponent. 24. The
printed circuit device of claim1l1, further conprising
23. a Thedlubmise@de behseRddicWIsldiatls, fibthtOdoniiikind@viaffolned in said
conductor for a circuit conmponent. 25. A fluorescence
substsain £ roging of & copdwgier ©F Agircwt sangpeneslour ce f or
introducing light into a fluorescent indicator that
interacts with a nedium 10 a photodetector for
24. dgheetinttd circgintiewod bt @ginby, feahe cf)inﬁﬁﬁiﬂg a6 formdi GRdad substrate
in response to the introduced |ight, and for
5 for rgyfipg of & icorflugtos ifgiaasirquitesponetial to the detected
light, the response of the fluorescent indicator
varying in accordance with the presence and quantity
25. OfA flasreqtRAdeydefsdriietide, dREpridig: and a substrate on which
said |ight source and said photodetector are nounted;
andllight soyiee fasiintredyvcingt lighhints p flpetesqest indicatas dhadiintewaets yith a
]naﬁ3%§r sai d phot odetector. 18

10 a photodetector for detecting light emitted by said fluorescent indicator in response to
the introduced light, and for outputting a signal proportional to the detected light, the
response of the fluorescent indicator varying in accordance with the presence and quantity of
an analyte in the medium; and

a substrate on which said light source and said photodetector are mounted; and

15 wherein an optical filter is located directly over said photodetector.
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