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WO 2004/093504 PCT/US2004/011393 PRINTED CIRCUIT DEVICE

WITH INTEGRATED ANTENNA AND IMPLANTABLE SENSOR

R 3 SYSTEM WITH INTEGRATED PRINTED CIRCUIT ' |
\gﬁ)ég x%%gNNA 5100011 The present application claims thé’(ﬁé/ﬁémm/ﬂlm%
of U.S. Provisional Patent Application No. 60/462,695, filed April 15,

2003. BACKGROUND OF THE INVENTION 10 Field qf the Invention

[0002 This invention relates generally to electronic .deV|ces_ and methods

for wireless data transmission and inductive powering of wireless data

mﬁEﬁ@ﬂ{@ﬁﬁ&‘eﬁEw 1§ ré&c\)in relates to S PR ABLE
e

implantable devices an %er Ie ring srad
characteris§ig-pa
bodly. Backgroun?%%%% fﬁ) > I 1 ﬂi?géjg% of
ce, describe
OB EAPIRE T y 2Q retos fesibos s Lotescere e
oGidoR 60fe Lodtainitigl matia(hereafter "fluorescent matrix"), a high-pass
filter and a photodetector. In this device, a light source, p_referably_ a.
light-emitting diode ("LED"), is located at least partially within the !nd!cator
material, such that incidaaiigtdronmtios: lights $QurERreayses the indicator
molecules to fluoresce. The high-pass filter allows emitted Ilght 15to
reach the photodetector, while filtering out scattered incident light from the
Fitight SbureeerAio@nalyte is allowed to permeate the fluorescent matrix,

the fluorescent properties of the indicator material in proportion
[9@' %\r?iﬁf% ﬁPB‘P%ﬁ%\W@ groseily trdsgorie denicenastimatindadar wircless data

traieieeteshand measved by dhe Mﬁ:@c&g{a@ 151 1gs\{ldr{n ‘%Cme re of

the amount or concentratlon of analyte present WI e envi &Ht of
Papficlatly. 4% jouoRtoo ﬁ@%%%@g@@t@bp};ﬁma@mmdﬁaeﬁm%ﬂ ﬁ&’ﬂﬁ&dﬁé and
méb@iﬂ@%%%ﬁ%@t@?ﬁu% @rﬁﬂé@&g %taonllrg 1@1?} gblghdaeyl%? éggm%leotlle human
. either subcutaneously or infravenously or
ody.

Backeround Art

[0003] U.S. Patent No. 5,517,313, the disclosure of which is incorporated herein by
reference, describes a fluorescence sensing device comprising a Jayered array of a fluorescent
indicator molecule-containing matrix (hereafter "fluorescent matrix"), 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 2 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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- otllerwise %ae

1 WO 2004/093504 PCT/US2004/011393 otherwise, to allow

instantaneous measurements of analytes to be taken at any desired time,

WO AR it is desirable to measure the concentration of oxygaminzie /011393

blood of patients under anesthesia, or of glucose in the blooq of diabetic
atients. [%?OS], Because of the size and accessibility constraints on a

SENSST GV PG H R 25U R thiehanslutes hobhiaken ksuasdesired time.

Foassagisited Witltharnead yrianmef AcameBrigiabi BitoWoersin he,need for e
iniaturization gives rise to reliability, manufacturing cost- effectiveness,

U RS Ea caRceThE Hsrrieatiigiabriin dinprie sensing device
[0008 Ddaka e YTIAUSHIONLIrGLHINERNGUPL M ALWAL SURPIY WU eé\!g%fymaa%g’ggd in the

required size of the device with respect to implantation in't
bofoBAepTacHERTG Afsmiesfeprotebsiih the muthutisignélsohasenionnit,
HeRRlpmeddn the Redywitiaun the need for data fransmission circuitry or
N an internaei power supply is taught by U.S.rPatehthcl)l.m&ﬂ ztB?_H,gt(ho t
eHigrdivisre BERRIENT Iz tscprsIper dietidnenaptcbyrrafidiap chiseitsRndiEetye with

Then ) ing circuit t owers the sensor .
R e Lo oh e Coer L AR o o e

t
by
devipewitbcespsingieirmmitanBiieosivés detlytransmissions from the implanted
) jati in the load on the pracessing circuit. The RF energy

Sl B Ae1ar A et CRAAT ) VS0 06 BRIt n e
bodyneithewil thithicethioinplantedseator devies; @%aﬁﬁaﬁwﬁ?@wkﬁgﬁ@ﬁgﬁgwm by

0-th erpgl pracessing.circuit, [0Q07] One paossible imp ementation o _
R e i EATUALEN e RARAFcH By eference in
its femiitecofbattehedee saphinad aitaiihoareir &B)pYWls SUERAR: through
. d‘mplerl‘nenta jo rks acceptably, improvements can be made. [0005] For™
i R A IR Pt SRS S T T Ecregesehes croni

recBiUB daaytrhesahffigulisamehoive HiagiiaceRRNTY ISSHRSHITSYHIAR BAQn the
manufacturing yields. [0009] Second, because each wire-wound coil from

IO RE TR UrE RS GReRE A rRMHRIMRE ﬁ@-@%@a&i@raﬁ@mpt@hed by providing
twonRilsfaGHEN 40l erAREEHc L IAYRA RECER SRV IR nAividually 5§H%§r%%e%ted to the

sensor device to properly match the frequency of operation with the
XA DRSS IMISHFHIL 1000101 Additionally, the physical structure of the

[00NIrEENMeWALs Al Hﬁﬁéﬁ?&ﬂtﬁ%‘%@qﬂé small coil would be to use a wire~-wound coil
having a discrete ferrite core attached to a printed circuit board (PCB). While such an
implementation worls acceptably, improvements can be made.

[0008] For example, the attachment of the discrete wire-wound ferrite core to the PCB may
be difficult and give rise to reliability issues, resulting in low manufacturing yields.

[0009] Second, because each wire-wound coil from the manufacturer is sli ghtly different in
characteristics due to manufacturing tolerances, 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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amount of void space within the volumetric displacement of the sensor

device, which may result in bubble formation within the required

PHR et éHdasement of the electronic circuit, 30 resulting in afaitak2004/011393

device. WO 2004/093504 PCT/US2004/011393 [0011 ] A further issue is

the requirement for axial alignment of the wire-wound coil ferrite core with
(098 L) Pk Hisverie Siameabapmwitd e ties lsbgisprovidé:onithevooildabie ferrite
coRARnaR R U, P el S A e L e B e g e
is larger than necessary or desired for implantation applications.
attﬁ?hsﬁq o tfhe Birkemsivreswt & disatetesivireftiouschsoiprepresahticidimitaianan

v, [ i nsor device package; further size
ne%%j%{?[,ié% %ﬁt#g gﬁ@%%?%ﬁg%ﬁ%ﬁoﬁogﬁplications always being
[0Qidifamrd 1y 0be Ffmmenidwmos fhel fonegoinge-thenad eviaingraseaed Iiiti:lﬂill:ﬂﬁiaﬁton the
mproved i ntable, sensor device. 10 SUMMARY. OF T _
R T oL AR, MR SHCEOb tHETbedanlvicefor
imjplgatation, apiintécheirbuitydévioe dadhibies a substrate formed .
ntiall ferrite material, the substrate having main top . and bottom

O R e T B o Mo e BOERHF bmplantabl
sesfdees@long a 15 major dimension thereof, and first and second end

surfaces between the top and bottom surfaces along a minor dimension

thereof, at least one component (either an integrated circuit (IC_:) chip, a

discrete analog comporgu/a AR ASICI¢hipiNRatipgeltp a main surfape
{O%f&sumt ate, and a conductor formed on the substrate and extending

r

FELLLTHE SR8t 20Re L b SRraREcHoH EVIFPHSERA PROGBDAIB}uit device
incheegrdinpiearethacaspeshal e daysplio ﬁlﬁe{l}éﬂrﬁ%c sfaA& 1 ¥ing main top and

device includes a light source for introducing light into a fluorescent

bofifit bR itk ractscanne s Aseumirc b pisrstiie siprfut bistentingr fight along 2
ma@@m@epm%wgaﬁam%@g%m&ﬁe%é%&t '9%08%%%%‘1 N ostom

and for outputting a signal proportional to the detected lig e response
SURSACHS SIGE R BEEAT fHaneatiomBeyhed i lesordamcepdtivih&ptesendeatagdted circuit

(I@@mi,tx @fs@x%t@%ﬂmt% '&ﬁﬁ»&%@n’iﬂ ‘39 MT&%&? %klﬂf;%r ) goe.'e!%ggilrgg{uface of the
power from an external power supply, and for
substrate, and a conductor formed on the substrate and extending over at least one surface of

the substrate in a coil pattern.

[0015] According to another agpect of the invention, a fluorescence sensor device meludes a
light source for introducing light into a fluorescent indicator that interacts with a medium, a
photodetector for detecting light emitted by the fluorescent indicator in response to the
mtroduced 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 analyie 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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communicating the signal to an external processing device; and a
substrate formed substantially of ferrite material, the light source and the
PRAJYEESYr being mounted to a first section of the substratepameii2604/011393
coil being formed on a second section of the substrate such that the coll
extends around opposing surfaces of the ubstrate. 30 O 2004/093504
PCT/US2004/0 1 £ BRI} HORKE t DRAINE fer WINGS
hecinyent i r ith re I
oG G Hesemton B4 By e A oot deaie
desgiigmeAedRipany irgbodimimgsn whioharengivienthy waynqﬁgﬂyﬁ{gaa@mngs,
limitative of the ent 5 invention, and wherein:
e e iop Ao o Sl S A IR et seorare
invegiine e fehseinembodiment of the invention; [0018](?%._2 isba ;s,tide V||ew
t ensor devige circuit board of FIG. 1;%;)019 FIG. 3 is a bottom plan .
{Ooﬁe}v}?ﬁ g? trf:e& sa{e%%oﬁr(fa%gfgg glgguﬁ%sggrdcf OFEECHHe16b PRl L4999 preferred
embpysitiaddidé thieimehéisensor device, circuit board according to alfu_rther]c
iment of the.invention; 100211 FIG..5 is a cross-sectional view of a
[00@%%g'?eﬁgesﬁé%g%ﬁ%r%?%ﬁ PR Vm&%"‘&m%@%%%cborqmg toa
[0010it6E etribediment efheiitventinndIRR2LFIG fdsiArcRematie; section
' a}rn implantable fluorescence-based sensor 15 accordlng to the
mo#igﬁi{omli@d’?éﬁaﬁ@? VR e e aHewt thrard according to a further
embiieseereRchasesisgnsor shown in FIG. 6 illustrating the wave_guide
properties of the sensor; [00241 FIG. 8 is a detailed view of the circled .
{Ooﬂdrﬁéﬁ&‘ﬁ@fesaé%ﬁwaﬁﬁ@ inkersras refieciormaittior tie ossnobitievice
cire SRSk A & Bielerre AR UHEKARRLING sEnsRlissye 20 interface
layer; and [00251 FIG. 9 is a schematic view of a. territe bead used as a.
IOOQF&&/E}5§3§ fitte ﬁﬁ@ﬁﬁ@%é@@@é‘d@‘@ﬁh& impéatiahledmdAHcERe-based sensor

acc@&%@JlQMﬁEJHE PREFERRED EMBODIMENT

[0023] FIG. 7 is a schematic diagram of the fluorescence-based sensor shown in FIG. 6

illustrating the wave guide properties of the sensor;

{0024] FIG. 8 is a detailed view of the circled portion of FIG. 6 demonstrating internal
reflection within the body of the sensor and a preferred construction of the sensor/tissue
interface layer; 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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25 [0026] FIG. 1 shows a top view of one preferred er_nbodiment of a
sensor device circuit board according to the present invention. FIGS. 2
Wit 80d¥38ktively show a side view and a bottom view of the 3&MS52004/011393
device circuit board. 10027] According to a preferred embodiment of the
invention, the sensor device circuit board 100 includes a substrate 101
dimpgaans thlia anyopaeaesmbaerianisedesbstate t@b:maﬂr% (B@ @ﬂ@ﬁﬁmg along
HRHcH : rfages 10l e and 101f extending. .
g e 4 W O BB B IS BoB R T En G ez o
colf el Betiaminingeted cand st serfaretIDIThndd @ldiextertlingiudes

B analhl [ top a ttom surfaces. The substrate -
B e L P e ambeea i, and e
emyf @él‘iérﬂl@?) Thipd COd(ctiffardtd Fokudes hm@ugﬁr@éj%fﬁm@@@%ﬂéﬁnems),

; j - chips, analog components, etc., and light- emitting
D, et 51 TP L M o a6 B s Sho i Fig
1 fonprmasaneht)stintercbnnected by printed conductor wiring pgtterrEs 01205]

Fr ttern is shown,in Fig. 1 for purposes of illustration). Q“
mﬂﬁimﬁg c.?&%tCHE{&%é‘%? %ehﬁr%%%ﬁ?tim}’eeﬂﬁ‘&ﬁ 1S @I%%?EH’SQCF%% %E@Wéulbﬂaid mn
cortimsgir! Wittcopnefetieni witbodiprederied esnhadisrentaily AeiimiterLin 3py
rticular sﬂ[a eor10 congguration. In accordance with other

*embodiments, 18 1abite B ettt tHarFariiSariin fématigiyice may comprise

e

at Isuystantiziy-fhaifyriace e vdiehihie SRS URBIGGRMRBANSS §ieraly arc
e .attached and curve-shaped side surfaces surrounding the top an

aghednd chrveNiapg) BaMpIEcThE TerRe i dbr Wevied hesiptenafaces. For
examiﬂsxamiéétyiﬂﬂti&uﬂﬁ@@vlb@&ﬂﬁﬁ%ga@U@HMnﬁ%ﬁWJ%ﬁé@ﬁﬁ?% %%ﬁtg{ntiaﬂy

nother example, the ferrite circuit device may have a substantial a
OV%H E%Wﬁ%‘%l?f@c&xﬁé@%&%’ﬁ%@ﬂﬁa&@sf@mﬁ Smifsleeicample honedmaibstantially

flataopbhighc dp0haleivebaiRarermbadiments dhefen e?gfr:x%@azyoge?/ 3ofa

rod-shaped. In still other embodiments, the ferrite core IS’'shaped such

foofialt it Ras Hytitsshntamyiat barfecis cqo0Rey Mswdwhilpai piefeitbother
emesahadinant o the nvention.has hHep @hq?ﬁ%ég 64 a8 % WMDSE £ 'sagfﬁgé’s!?

on a. first section of the substrate and the IC section being a’secon
[002REfidrpot e 2 prsfisserhespéiimsotidheismat tionited teethigescribed as having a

coi CRRGHI&IQ B HAL 6% %é%&%?%rd%gﬁ%h‘éf s%g‘gle rﬁ?mbOdime-n%Sd gc]gﬁon of the
circuit components may be mounted on top of the col, Sgiﬂt‘ihsﬁ‘fﬂ
substrate, the invention is not limited to this configuration. For example, in accordance with
other embodiments, the circuit components may be mounted on top of the coil, resulting in
thicker but shorter sensor. Further, the sensor illustrated in FIG. 6 could have a full length
coil.
[0030] According to a preferred embodiment of the invention, the surfaces of the 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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thicker but shorter sensor. Further, the sensor illustrated in FIG. 6 could
have a full length coil. [0030] According to a preferred embodiment of the
inverwionyihe surfaces of the ferrite 'IS substrate to be metallizeg-P45200.4/011393
otherwise applied with circuit components other than the side surfaces
are pre-coated with a commercially available glazing compound which is
Cfiraigh éi—%gﬂmtempxemuiahtmﬁoifmiaﬂfhmrﬁlaua‘ﬁgeaarsad%@ugéd by those skilled in
ih met?lllli%ation nd/or. ¢ompone t attachment. The surfaces of the substrate
e grt that are 1%11 c})

where the coil 1S fo be” 2P &l PRRY BE Pre-coatsad Witkithdhgidsmg substantially

of ¢omipousadiel” somenmagdienpy saatetswdnle ethess e not, or none of
pre-coated.. One example of a preferred ferrite

0 b
OGS TS S B o soouias s ORISR AYBaton may be

apfiouitisiély48; hivwevaipeResialeied fe e farerlations SR REH8VeleRed « 100
m@/é{;é)se skilled in_ the art that are optimized for particular applications. As
5

RS R SR PR B il A (ite3thEtehns) fon somipbsirsiomynd power
raandiall suebniorsputiaiionsr 1003k The thickngss.afithe i%HiE‘?l?%é*a§%K?B‘%h%°rrcuwed
miis

the implantable sensor application may be 5 approximately 1 to

USRSt S ngogrehapssigraypresiseiely Pesmits rpiodmeily Afdnils to

2500skppelRsably SPRIXIHAEIAR Mils( 030! Analyagalan L o;
and p}c))ﬁwer traﬁsmission considerétionsﬁ%?ﬁ%ﬁgﬁ?gg%r@%éaggﬁ%alIf}’:’am’

othe i RERssEEsIPBiRersar BY terdskdllahdndlaastity ofting 7o dbshapedstts for other
nggngymgg@épggg roximately 10 mils to _250.mils refgrably 20
ap?nils to 100 mils, most Ere?e%g%?a%g?b% a'?gﬁ/lef n%%?‘f&%eall?l\,ei% other
[04ARIkRRe sei sretiphe Lyl thosebileddrotiiel 8t thivptimizeferably edge-wrapped
r |Sij er. lications, and caonsiderations such as size, |
B A S R T S TRy oucave
magtsiag atedl eoifa0s swiidh, isopreferaiily ellge-vrapped Riound MedBER T the coil
The.coil 106 is made of any syitable electrically conductive . '
1O§nq£§%a %Csi%g tgg,s%}e& np er}légb’lﬁ%zrl,s’éi&’d?“slw P OrHBECRiL Gsdts shown in
Figpdis dhilenfdr shitheoiil 500649 be diractty ebibesame hipeiok-mrletishasiihe7
for%gategt gi 19 patter 105. As hown in Fig. 3, the ends of the coil 106
may e direatly conneeted (B RetaRisdt SATEsHtde e Br e REaviHmE patterns
10ferfite substrate; vdiichaerniapiseamedt forthal FANMROMGHAUILWAR: 101 usine

d atterns. 105. . The conductive coil material preferably is formed on the
edge wrappiie ttrf:ﬂgnﬂ(l)lfsu However, other formation techniques as known in the art also

may be used. Also, while the coil is illustrated in Fig. 1 as being wrapped around the main
surfaces and the side surfaces, the same effect may be obtained by having the coil pattern
extending over only one of the main surfaces, or only around the side surfaces.

[0033] By making the entire printed circuit board from ferrite material, a single homogeneous
substrate is provided, thus allowing the sensor device manufacturing process to be performed
using standardized printed circuit manufacturing techniques. (Optionally, a thin layer 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 technolo gy

(SMT), flip-chipping, and chip-on-board.
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edge-wrapping techniques. However, other formation techniques as
known in the art also 20 0 may be used. Also, while the coil is illustrated

e I'—zf’g?.”l"%?%‘eing wrapped around the main surfaces and the Ji€d/US2004/011393
surfaces, the same effect may' e obtained by having the coil pattern

i ly o fth in surfaces, or only around the side _
0 BB gt e s srombremteound coil may
be eliatatialda BINGRRAGLOTRNGOUS 8 lé@ﬁ%&f‘d{&ﬁﬁowé%gwc%ﬂ%&% th8he

[ anufacturing process to be performed 2 5 using _
fe“i%] (%P 'i?i\%ffelﬁr?nﬁ?%g&%cwla%mé@éé}ﬁﬁ@%éﬁmw@ﬁs (Optionzdlymethiehniques.
Théayergludislestdernavee ARRIRAIRINR I8UIRESAGRHIGI A} reproducibility and

manufacturing techniques available using a standard ceramic substrate

homgpgenclly Beplivss N AACERAAPFIRE S 98 tresid afyelielmigi thiekichrid ithirefilmt for implant

appiiRiRAd QSIS ks AR CARACHREE - WEshARLINg:. > mount technology
SMT), fIip-chigping, and chip-on-board. 6 WO 2004/093504

0083 Fy8sba 611393 tHecauypuiditvheityitiowile fitack operatitrthe length of
fen'i'@l.h%ﬁgli)@ fH&é&é&E%MﬁMHﬁy‘%‘%%& N3y eleﬂ?élglr%a\%%%%g%%ﬂ. For example,

i
example, the wrapped coil conductor 1% Cmay e connecte
the depgdirifdhofartecirenibashapstan dardfiné iz atiodisastinfiotie surtag@und coil,

Ot chpj . ility of such technigues to be gqutomated
e o e Ao g A e g the
exXigmar acecrisies vag well sieveliatsitity, whichis imponanttonimmiantiscrete ferrite
RRlicarions, and increases cost-effectiveness in manufacturing. [0035)
Cor?:urthé@ry,b%%ﬁf(g%r%?ng the entire printed circuit board of ferrite material, the

[00f7) gt ofidiite mamqmmwmaﬂm@@w;mgﬁ@g%%ﬁw%p ression.
core wouynd coil: For example, the length of the ferrite may be increase
R A b R R L oo i o et . o damp
highifrificany ncnegse ihpawerdransieiaficinnay 9t Gl PQWST#OMad 901 is
the ei<te_rnal cessing unit.(not shown, see "974 patent) as compared '
G GREEFORL FoPFRA €616 PG Wk RUPePToDS e eendproneh the frrit
beaddvastageprapidestbyuseautie feuie Subel e e B PaSHRNIGS I the wire
Rauting conductors through holes or vias formed in the ferrite Substrate
i -%%&‘f%fé%w&%f% Tgh draeRsaHes e HBAGyTRGHE isamio i st dbestuiiire kept
extéinblgo thavbereigudderite bead 901 is
[0037] Advantageous use of a ferrite material substrate to miti gate the effect of noise on other
circuit components is illustrated by referring to an embodiment of a sensor 10 which operates
based on the fluorescence of fluorescent indicator molecules, as shown in Fig. 6. The sensor
10 1s composed of a sensor body 12; a mairix layer 14 coated over the exterior surface of the
sensor body 12, with fluorescent indicator molecules 16 distributed throughout the matrix
layer; a radiation source 18, e.g. an LED, that emits radiation, 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 1s indicative
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used as a low-pass filter around a circuit wire 902. Passing the circuit wire
through the ferrite bead causes dampening of high-frequency

wompaneets.of current passing through the wire 902. ConversglyyWRs§6: /011393
such dampening is undesired, it is important that the coil be kept external

to the ferrite substrate. 2 u [0037) Advantageous use of a ferrite material

of Bulistratefthunitigate the effaclinhrRise AR OtRer TeFGH:EPMPRRERISIHS ludes a
illustrated by referrigg to.an embodiment of a sensor 10 which operates

mOgHIC SRUFBHOD ROSCEREE SIRISTES CaT AT ARG A HOTRETIEY c 861196\ TAr

profvigif: d henpenser {Jéadglgomposed of a sensor body 12; a matrix layer 14
coated over the exterior surface of the sensor bodﬁ%/ 12, with fluorescent

(003 chRdPanbIiEe fbs aerwistiotiidg treignbormeedeineion 3 |dheffect of ambient
lighadiBNRAAMILE dboBf AR iRk GRS FALIBHAM NGMAINGJRBHO ethod of

over a wavelength or range of wavelengths which interact with the

acqprgidtbine Biieclesdiies, e thEDwd sftesiioraycencexbdeibensepstr sach that the
efFARVEIeRER.ONY St Afeyasisn %Q? %mgﬁc%ﬂgﬁ%ﬁl? eﬁg\g&?feé? oL %li%%g?gq uency

. 16 to fluoresce; and a photosensitive element 20, g. a photodétecto
sighiesedhotda e bR flnayeddamsedivabde wehserd moswnsitiveh twhen present must
ve [HOEPRASRLIGRL IS BXADMedRACAR MoEHIES A puch that a
- signal Is generated In response thereto that is indicative 7' WO
[00260 /09504 Ip CT- 9820040 kbB 98I sofctheciave! b fiudhessemeeidhesll. The

indicator molecule e.sensor 10 further includes odule or housin
ser e e Tl gy Tapenenedield, may

be prowididgdeatehpparatucd beabling ol GO2R Ry maxitizdithe aceuragh atdheency

. reading frgm the detector.20, the effect of ambient .5 light incident on the
e 4 SURACE 6 D20 SRS BE TRt G eRDATBR, such as for
exanpyiplibhihFInis isfteeasire hevhicDmithaa ighiff agueney 8YEHAIRN S the overall

devsignal, such that the effects of ambient light on detector 20 maybe

CSHicelled out. However, the high-frequency signal used to drive the LED
[oomelyBddiineesirabieror-hartehRaised WHHRH AT AU ERIM ENHRL iDEIRKRD the

into_consideration in designing the remainder of the circuit. 10 [00391
AelgHHRNT SHIE G- D5 AFE R R ERICHF RIS LB € i GePBBRifcEs ke

subkhuhNe nSeRsRid 1, RAVRER O ARGWRIEHIS RXAIGHMARICRY ferrite substrate

high-frequency magnetic field, may be surrounded and permeated by the

as ﬁig‘ﬁﬁf}’e eﬁﬁleyfmggﬂétié,f?émrqfhﬁg Y]Qiglpﬁ@qg@t@gﬁhe Invention, a via 401 is formed

through the ferrite substrate 101. LED 104 is mounted on one side of the substrate 101, and
drive circuifry 405 can be mounted on an opposite side of the substrate 101. A drive signal
conductor 403 from the drive circuitry 405 is routed to the LED 104 through the via 401, thus
decreasing the effect of high-frequency noise into the LED drive. The ferrite substrate may
be constructed having more than one via as needed to filter the noise. The lead wire from a
circuit component may be routed through one or more vias as needed to filter noise. The lead
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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signal may add undesirable on-board electrical noise in various parts of

the circuit, such as for example, in the LED 18 of sensor 10, which may

S aFdct the operation of the overall 15 device. [00401 By vitisi®for1393

the ferrite substrate used as the PCB according to the inven_tlon, the
. deleterious effect of the high-frequency noise on other circu_lt components
DRGSR BEERadlly phrigdeserisy, ifofhestaitple svolating fldriterieachdrete, opposite
ihseugh tiedertiesubstials, a3 aciar AS QWA 1t Fig. 4, according to

this aspect of the invention, a via 401 is formed rough the ferrite
04 b ate oAt prbrroansansedoRiens sidﬁtﬁxﬁﬂf(g@_.ufh%ﬂ@tg lf%ﬁﬁt@@ By the
2 GHMECHGH unted.on an.opposite side of the substrate .
e o R e e o e of
ihrenseTPada iroughithelviauel 2 thiisrdegreasingaieselieahfforth throushout the

int@l%}'gﬁﬂ}é%%ﬁé(o%iéﬁiﬁ? the LED drive. The ferrite substrate may be

constructed having more than one via as needed to filter the noise. The

[06434 Tivires froen E02n8 tirt liploampanantimayieaieutad B ouaane RSP the

. ' i ires from more than one circuit
Su}p&%gﬁlg%%%gltgsf%%r nois . The lead wires fr

comporient maybe fovied trotigHHRSEHbRiicatovme lestigaaist winlthe surface

(wiooat kéedriing tothaether aspeshed mﬁHﬁVQH{%}h&ﬁ,ﬂQﬁ%m@ Buorescence in
ffectsgy.f mbient light imgin ing on the photodetector are reduced, an

Hufrsaehy icator p SR SaER b issE e Sneddioandight which strikes the

inBGTAIS20044Qi30G ineaased BYIRRUATHNGANRIALEIREIR 19 {p(ﬁsrﬁall f0 be
0 toc{n surface of the ferrite substrate, opposite the surface on whic the .
ref%g% Mod t%é ?%ih%el%ﬂé%ﬁ bz fieyesteeslantiorssasnt indicator

IS moun an
b, ORI fdadiatandedtiol 9abeATHLRAHRY SN AAORSOUCR dS, crpice
d at least some of this radiation is reflected internally at the surface o
an@ﬁ%es

é%f?%dﬂf}@‘?{%ﬁﬁéﬁ%%%b@%ﬁ@ﬁlﬂ? trrevedi!"Bepanding' on the construction
of hatkppndafesthrianaughot the, dptesier Hlfoma% e Q%%E%@m@%%]g% and

as been found that light reflected from the interface of the sensof
SUTRCS HlaSTeOR BRBMGERBEi GRS igiéeipable of interacting with indicator

[oonplecy tﬁ%&@ﬁé@%??@&% rl@a%‘? séﬂﬁ'ée&%‘ 1e G0 q%tteequg{eef E% H;ee ’ 1?onreosroent mdicator
contained within a matrix), e g., exciting fluoréscence in
molecules 16 enters the sensor body 12, either directly or after being reflected by the
outermost surface (with respect to the sensor body 12) of the matrix layer 14, as illustrated in
region 30. Such fluorescent light 28 is then propagated internally throughout the sensor body
12, much like the radiation emitted by the radiation source 18 is, and, like the radiation
emitted by the radiation source, some will strike the interface between the sensor body and
the surrounding medium at angles too small to be reflected and will pass back out of the
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 molecules coated on the surface. In addition, light

which strikes the interface at angles (measured relative to a direction

NBEhAPtet#@interface) too small to be reflected passes throughrtheus2004/011393

interface and also excites fluorescence in fluorescent indicator molecules.

Other modes of interaction between the light (or other radiation) and the
Phptereaslivaraeine HdhatstariolecliisssieniBoanttybeduchsundstoibeagdfitbdetector

siglenendinc,RRshaensTlsHon 1riekiand-apRlicalion for the sensor. Such

. ¥ .
other modes include evanescent excitation an surTCace plasmon

W%ﬁéﬁc@f@f@ﬁm@ﬂ@mqm HeswatedtonHig/8iatdeastcsomerak provides
a é@if%&h@ DEE Ry &H@%&I&rjﬁg g &%Cei l%%t&r £} otlg Cuzl(xf Sr%jéfﬁgs]t%fse%]g@si[ncidem light

sensor body 12, either tly or after being reflecte
ang) filfaeecaifitrs fespecidentezbetisartbodyni2)tifithiewhtrivetayee T4 cais board
saiysirated in 2 C. region 30. Such fluorescent light 28 is then propagated
internally throughout the sensor body 12, much like the radiation emitted
[0B¢tha satiatiomdagrce d &iscaddyiike thesadiatianfemistedy themnd associated
.raocl}ation sourgseé some will strike the ing{erf ce between the sensor body

LAl TR0 A S SPGB0 ik 85 e toelecr ey 505 and

an
aspasstbdokheutahpoaestE, badly B I0ASh I HISIRIOIREBEY: substrate along with

odiment as shqwn in Fig. 6, an optical filter 34 preferably is provided
o O SEGHRESaTAb iR | Borbt RSB GRS 5114 1 voe o
measinslaeiareitaf fuphetesensitig male igloRiliRd% B% is keong fremdhe,

gerior art, prevents or. substantially reduces the amount of radiation
e

SASR PRy (R GlirRBAEHIRPIEmARING OPheedindecsEsif eeduf avensure a
sephiie pliesesnitive.elemanicOwaldRa samedinmes ke lliehallows. 8hglsioally

fluorescent light emitted by fluorescent indicator molecules to pass
PlEGFGui ARk T2y & Sibr0gmBiMe My Sa0B4/e 15089 First and second

opRialpeRSIHYEESHION AldRBICIECIBMLIAIS %@%ﬁﬂggﬁggg&%%? ?ggix%?ﬁi oles in the

the photodetector signal that is attributable to incident radiation fromthe
sugstitteard. iovshesatubrene sibsrawidrnsteddsfheivoprentiondhbricated

INBIRBCRIAMIG, S URRIFAIG PIRYIIRS, @ significant additional advantage in that

the black ferrite material absorbs more incident light 5 and thus scatters
106y Brivwunlightisardiedivinseritieral\fhite wetaniorcircuitheastthe ferrite

su%géﬁé%ﬁecﬂy under the optical filters 509a and 509b, the photodiodes are less susceptible
to scattered LED and ambient light from sources other than the fluorescing indicator matriz;
concomitantly, the upper surface of the ferrite substrate does not reflect any significant
amount of light incident thereon, as contrasted with the conventional white ceramic circuit
board substrate. Additionally, by relocating the photodetectors from the upper to the lower
surface of the PCB substrate, larger angles of light from the indicator matrix are capable of
impinging on the photodetector 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 components encased within sensor body 503. An
BELRMaPASIE controller 505 and associated other component$&9,6;sSheo 1393
as ICs, are mounted on the ferrite substrate along with 10 an LED 104
and photodiodes 511a and 511b. In. operation, photodiode 51 la is used
(004! rﬁéﬁéﬁ%%@éﬁhﬂféoﬂﬂuv@gewﬂg1su§fna1h,ewmtﬁrp;lﬂéxhaﬁtﬂd,e)ﬁﬁamtﬁtransmlsgwe
eference si alternative %Podlment the
pelgﬁ%%%é%}zﬂ%ﬁ%a%é%l to am%t%ﬁ%écé véleparafleg RRAY Sghaputly. Preferred
matﬁﬁélﬁeﬁ?Wavéll%ngmrwmﬂmtdtﬁ@tﬂpmﬂﬁmam@t&mhyate,alIy placed, for

el |ffer alyt he same sensor. First and
pc)lgecond 1188 tlgc% F Iter r]ESPO %@éﬁéﬁ%%@tﬁ fyehreififgld under the
Ha@mtﬁét@iby(@o g hmmm eﬂm§mmmﬁ geﬁiemagbtﬁ% With b8 SRRXY 104 (e.o.

bricat d filters may be glued
e B S 0H8] 5 b P AR 1S ST M PG e LED)
| andowénesma@é mﬂﬁmémeﬁeesm@tedar@gtﬁ undgedhe opticalfilters H08a

hotodiodes are |ess susceptlble 20 to scattered LED and
mdwag mbien ?écﬁeﬁ%ﬁ%z%mlc OBfhet-than the fluorescing indicator matrix;
[oosohmmmmtyummﬂeﬁ surfaceokineoferitg,gy Qﬁiéattﬁﬂaﬁe@t%t:{%@%%%tmgs 32

significant amount of light incident thereon, as contrasted with the
forggh gl

SR AT e SPRRvCOER R UR: B@wmwmnmﬁ@mmwsensor body and

the rﬁ@ﬁﬁtlﬁﬁmpﬁ%ﬁ%@&s é‘ﬁﬁ%&@ eERRELL0 e lower o%{wazc%%ﬂl‘ab?nd/or

. PCB substrate larger angles of light from the indicator matrix are capa
LigtyeastrdmgiNg et e ip forisgrfadesrelleasy aromisignabiigetizmed, for

exad@Rabivef Reingsed 1o nevglon the phgtodetector signals, thereby

further increasing the accuracy of the quantitative measurements. This

(0085 hfigaRRSIsFHAmEPeRhishdbs wimatlizationing auommgptm mmeahvenuon was
de\féll@fédtﬁt ij-wéﬁltﬂ%&t]f r?c§ fale %gd thu&ﬁﬁ@@% or w altc;:1es suitable --

than the thiclmess of the Subst rate
18 sz@@@m@mmbmwmmmmmm ad\gag’mag@gl@sjyg@ toxins,

£ icall tra smlsswe er materi ganic
P e} A sy S B Preraf e thicartees The
spegrecaerphe poiynidrd s uctiras! palyidethy ihe thdtrvateyolecules 16 may vary

det{%]ﬂc{f)sf%ggé Jﬂé?é?é%%#}atl @1%&%% t&?e%ggsgr] ?s“tléebg Qgeg olyg atg?:t? Qt?éfeosr gggr]eatﬁe sensor
13 to be used to detect the analyte (i.e., in the blood or in subcutaneous tissues). Two
preferred characteristics, however, are that the matrix layer 14 facilitate exposure of the
indicator molecules to the analyte and that the optical characteristics of the indicator
molecules (e.g., the level of fluorescence of fluorescent indicator molecules) are a function of
the concentration of the specific analyte to which the indicator molecules are exposed.

[0052] To facilitate use in-situ in the human body, the sensor 10 is formed, preferably, in a
smooth, oblong or rounded shape. Advantageously, it has the approximate size and shape of
a bean or a pharmaceutical gelatin capsule, Le., 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 LexanOO. The material allows radiation generated_by the

radiation source 104 (ems., light at an appropriate Wavelength in

BHABSHPALS in which the radiation source is an LED) and, in the£as6,8% /011395

a fluorescence-based embodiment, fluorescent light emitted by the o

indicator molecules, to travel through it. [00501 As further illustrated in Fig.
mignded Wb thodsdgealddinenide rellisotiverouatiiysasot 0 fosBediam iR into the

hugPES 08 he-sensaRody 12, Bﬁ%ﬁﬁﬂ trﬂ%s xie gor i i%ﬁg%‘% gIS %rood vessels)

body and the matrix'layer 14, to maximize or enhanc tett
witgtdcie ricar e eniatieiomvaital tosclight mtitie iy fuores cenfindicatesive pain or
snalggHles. The reflective coatings may be formed, for example, from
aint or from a metallized material. [00511 The application for which the

di

(04 o1 erc reinybo appecaispeicthaf the iﬁgﬁﬁi}@pl%ﬁf \i}-fﬂl‘ﬂh?ﬁhﬁ{ ?ﬂﬁ%ﬂ(w any
ricllar svalthough by no means the only application for whic| itis ‘

Oﬂggi?tégt)}lﬂeaf}i!g%ré%é‘s%}’i%nga\l}é%)l%%%%é%ﬁ RERASL T biRe PrameaiR s Oayterials - will

caggs, ghutuse cotopgen fiaxins, bpdwarespesisti calsHan Q{F%E‘%#gﬁ% into w_k%jch the implant

- egules, hormones, and other metabolic analyzes. The specific

B L PG AR L L BB B ARSHrhlaciAes e iaghe cosc of &

sensaryl (dépendinglan dbeviaiti ciaianal HedNaRerRLISIBRS HRBIHR is most ofien

dqtect and/?r where the sensor.2 0 is to be used to detect the _ana!yt_e (?.e., ‘

fib ot SRS %??ﬁ’éﬁ%c&ﬁéﬁ@%‘?&%é%% e prfepsg criapaicrenstioslyte which

seriowavanding thahiiavaais layesddBElBeRRISHALt MGIOUEAT rare of

& fgrnaglecules to the analyte and that the optical characteristics of the

1

A8 T HIRSELIERdsd Dinerh Bhestitdreaaretost fldore stdntiitioatarn (02),

whinbleauwesnaBaridn¢ien af the sonseskation.of %I%%%?

&f'%eﬁna%ﬁ&tﬁbmﬁc
which the indicator molecules are exposed. 2 5 [00521 orll’acn}gte use

COGAPSRATATHAS TEith ahtBohyP iRy é@ﬁ%’éﬁ%@ﬁ@‘fﬁﬁrﬁeﬂn@gfﬁe&fﬁiwﬁm @ncapsulation
(scamROLB) oRleRGRRdtAced, share 0%4%1@&%]8%'&’ eiLh & e%ri]s%ﬁ%ﬁ#ferent from that

approximate size and shape of a bean or a pharmaceu ical'ge
Of’&gb‘%adlg?si%:, it is on the order of approximately 300-500 microns to

Droxi inch.i nd.on the order of approximately EQO .
HbTons. 1 praaiatey b Tk BBl GUMIay o molccus
to blegied g{mﬁ@égﬁmm'ghwaﬁaﬁ)ms{mvicemfeﬁmlldiﬁﬁ.(:@w@omﬁgrﬁ%&r approach,

N L L N
of bsnfigimaioh géranitéahi senBondOniolbenlnplaeaed it When the indicator
molecules are immobilized directly on the surface of the sensor body, or overlying the surface
of the matrix layer 14 when the indicator molecules are contained therein -- is prepared from
amaterial which causes little or acceptable levels of fibrotic encapsulation to form. Two
examples of such materials described in the literature as having this characteristic are
Preclude™ Periocardial Membrane, available from W.L. Gore, and polyisobutylene
covalently combined with hydrophiles as described in Kennedy, "Tailoring 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_ tissu_es (includ_ing, intq organs

or blood vessels} without the sensor interfering with essential bodily _

Wi etiotisoatogausing excessive pain or discomfprt. 5 10053) qu@?)ﬂ%rz(ﬁ 4011393

will be appreciated that any implant placed Wlth_ln the rlur_nan (or any ..Ot er

animal's) body -- even an implant that is compr_lsed of bI0C0mpa:[IIb|(? _
Thingelars owil leaersehichgomecexteintue fogtn%mpp%yeg?\%ﬁggegg%yﬁ?g%é

- ism.i ' i is inserted, sim rtue .
e b B BeSensbinto s as oot
cell piatsess Bsithin ahenhudagnonadyGie -“fesaign dod)resRansgcis.MeptrEy),

p&@]@ (e apsulation, i.e., the formation of scar tissue. Glucose --
Dag primary}]/cEI 2?102:%2% %Salgé%astg?gg&g&ﬂm’é‘@ }Pﬁ@i AR SREERT ai‘éﬂe%_ﬁ@m;adld
MEDBEBdienutietalqtrodmy hevelitstiatenef Susion £h L BRSA DINGS 8A R £y
Su@{c% ¢/ f-tg%t[gxgnc?é)su ationf.éflgverf molecular oxygen (02), Whlch_ljm;/gry
sma?]l, may have 116 rat8 SPHifafoRISE RAgs siemiredien, bgrsuchfibndtimre
webrioapsuiatom asiuel FisiscsmAReGAUSRIRSEqrming dne flbrotic

lation 15 (scar tissue) can be quite dense in.nat_ur o _
C2ka SS%(?%%&%% Eiéﬁt@laﬁf@tféﬁ@%rﬁrﬂfa@b& ifotPiaktisTueie05r Teth a pore

sizo(escae thisipeieeliat iR RNseIe QLASIa%in SRosIA theindicator .

. __molecules to giological analytes, two primary appr_oache are _ '

]‘n%%@%lég%e& SRESOrefife REPBFE awwmp\wmﬁa wpc;;rhagiﬁf@mmce i éﬁfsﬁal from
appieacih [ } I - rlyin r

R Sonsat body. 12 andlor I I e T e e ey caa

GOTE‘?I%%&S@?%@@@HP@W @B adedirentYVoh. ﬁersuiﬁag@vﬁfcﬂ_’ﬂ CHRNSObS

expaadyd waﬁmﬁ%ﬁﬁ'@ﬂ‘&%ﬁﬁﬁ matrix layer 14 when the indicator

molecules are contained therein -- IS prepared from a_material which
(00041, dbs iiths shileeptapleoteversoblitordtic sreapsul atROVRIE M ar weight

f ri escribed in the literature as having this -
W
whilg aliqydrg tha dnpdivesobugiieneoCovalestty poss kﬂlﬁ}@@gﬁ’[?}jhm ARAUER Aiolecules
. ibed i "Tailoring, Polymers for Biological Uses,"
B Y SRRy i e 1. e

welskppsep pedslasdritardavenhyerthatds 6@fﬂ@@§ﬁd1§€fc§§1\4§@?lﬁﬁgﬁfﬁg filtration

o, OB ST L S e Fidhface fayer 36 may
100§ ddertitkbe sublmivers 36ac36R,ARER66in Fi £. 6 1s wholly self-contained such that
no electrical leads extend into or out of the sensor body;, either to supply power to the sensor
(e.g., for driving the source 18) or to transmit signals from the sensor. Al of the electronics !
illustrated in Fig. 2 may be housed in a module 66 as shown in Fig. 6.

[0059] As also will be reco gnized, 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
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.

[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 sublayer 36a, a layer
which promotes tissue ingrowth, preferably is made from a hiocompatible
ateHelthat-permits the penetration of capillaries 37 into it, evep@sys2004/011393
fibrotic cells 39 (scar tissue) accumulate on it._ Gore-Tex(r) Vascular
. Graft material (ePTFE), Dacron(r) (PET) Vascular Graft materials which
YR BeENifaSPlor Al e areswim 5 LR OR Bicmatelialpasiieed an
infhemdigh ity: pol vt/% available from POR Surgical hic.) are o
{ésxampl%sn%?rﬁgglé%g%% %Igg%éssi%@ééﬁlﬁ&?ﬁlgﬁ , rﬂ%?eg(gi%%? Ffitp@ry printed circuit
bogre hilchieprdrso ronissueicmibvdsceianingiowih ivicihie JigsHEINAOW o we;
JRVEF. T r.36b, on.the other hand, preferably is a
" bioqof{h%%gt%é %%i%vﬁ%%@%“%%gc HOLS AL TRITAASO FRete @)cemaprssed by the
S fogiﬁﬂm&]@ﬁlh}lﬁsmaller than the pore size of the tissue 10 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 Surgical Membrane), available
from W.L. Gore, Inc., which consists of expanded polytetra-fluoroethylene
(ePTFE). [0057] The third sublayer 36¢ acts as a molecular sieve, lie., it
provides a. molecular weight 15 cut-off function, excluding molecules
such as inmiunoglobulins, proteins, and glycoproteins while allowing the
analyte or analytes of interest to pass through it to the indicator molecules
(either coated directly on the sensor body 12 or immobilized within a
matrix layer 14.). Many well known cellulose-type membranes, e.g., of the
sort used in kidney dialysis filtration cartridges, may be used for the
molecular weight cut-off layer 36¢. 20 [000531 As will be recognized, the
sensor as shown in Fig. 6 is wholly self-contained such that no electrical
leads extend into or out of the sensor body, either to supply power to the
sensor (e.e., for driving the source IS) or to transmit signals from the
sensor. All of the electronics illustrated in Fig. 2 may be housed in a
module 66 as shown in Fig. 6. [0059] As also will be recognized, the
fluorescence-based sensor embodiments described in- 25 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 absorbance-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, incorporated herein byi LOYD
reference. [00601 The invention having been thus described, it will be o WISE
apparentorsihose skilled in the art 30 that the same may be varig@js2004/011393
many ways without departing from the spirit and scope of the 13 WO

2004/093504 PCT/US2004/011393 invention. For example; while the

At asMern described with references, to at implanted sensor

devi inci f Invention maybe applied to any printed circuit
1h?a¥%%§§ﬁ%@$v%?§%% é%%#ﬁﬁ%%&tion functions using an on-board data

or sighatpewer fararmstenbataotiotly Afjoarid mkisuch, motlifidatianshareng top and

j ed by the 5 following claims. 14 LLOYD WIS
Al 095008 DT O COLOHOTLES (AT & C M RO sitacs long a
nsjivtedneien device, eoinprisingt sceudstrdtedidinmed swhsiasdial b ®hnd bottom
siefrite Qil@%gr&%iﬁg'}dﬁ%gggg}le&%\éiQg top and bottom surfaces, first and

second side surfaces between said top and bottom surfaces along a 5

majortiimermioritvercofngraditstrandisé condandsaffaces Heiwerirsaitind

top a urfaces alal minor dimensign thereof; at least one

creut S 8 S R S L St U S e bngin surfeces
ambrdastofdmned coilgpitaubstrate and extending over one of said main

surfaces and side surfaces in a coil pattern. 10 2. The printed circuit

device of claim 1, wherein said at least one circuit component lead is
2 routedlihpoirgbdaida fodmeckio faighs UpstiatenBakhe RIBIACHEHL ARG R nent lead
is%c{g&%,nvgerejn aid at least one circuit component 15 comprises a

htcemittng diodd ’Eﬁfgl Jhepidiggtiatesaid LED. 4. The printed circuit
device of claim 3, wherein said lead for said LED is a drive lead. 5. The

printed circuit device of claim 2, wherein said at least one circuit
3. comp eel?ﬁ%%mrcmt device of claim 2, wherein said at least one circuit component

comprises a light-emitting diode (LED) and a lead for said LED.

4. The printed circuit device of claim 3, wherein said lead for said LED is a drive lead.

5. The printed circuit device of claim 2, wherein said at least one 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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20 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 vial formed in said substrate. 25 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. 30 15
LLOYD WISE 9. The printed circuit device of claim 1, wherein said coil is
9. uddy pimisdudtvEtsvise bR tiorpstir rdfncai] xiseddbpowieetive transfer
of elea@}@qj}gg“@rl@gﬁrhjmm@ﬂ{gpb%ﬁgn pqiﬁvice including the printed circuit
device of claim 1. 11. The sensor device of claim 10, wherein said printed
circuit device comprises a light- emitting diode (LED) and wherein said

LLOYD WISE

10.  priiesh sikaHibREES FUENRINGHAING Blderstonei-pheledalecior A 12.
In an electronic device having an integrated circuit formed on a printed
circuit device and an inductive coil for data. and/or power transfer, the
11, iMprovenetiaorRisngniouWgsadaupaeci et devisa suRstAialY 1ight-
....of ferrjte rial; and forming the inductive coil on the printed circuit
em““&%x?i‘é’éj%mgﬁéds&i ehHRE R Rted e el idevice dahttancvd s dldipst one

photoiigsegdive coil. 13. The printed circuit device of claim 1, wherein the
substrate further comprises a circuit component section and a coil
section, wherein the coil section of the substrate is separate from the

12, cilguii epmpaiiedtofchRasuistiiatekbated circuit formed on a printed circuit device
and an inductive coil for data and/or power transfer, the improvement comprising:

forming said printed circuit device substantially of ferrite material; and

forming the inductive coil on the printed circuit device and using said printed circuit

device as a ferrite core for said inductive coil.
13. The printed circuit device of claim 1, wherein the substrate further comprises a circuit

component section and a coil section, wherein the coil section of the substrate is separate

from the circuit component of the substrate.
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