PRI NTED CI RCU T DEVI CE W TH | NTEGRATED ANTENNA AND | MPLANTABLE SENSOR
PROCESSI NG SYSTEM W TH | NTEGRATED PRI NTED Cl RCUI T 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
-INVENTION 10 Field of the Invention [0002] This invention rel ates
“generally to electronic devices and. nethods for w rel ess data

transm ssion and i nductive powering of wireless data transm ssion devi ces.
More particularly, the invention relates to inplantable devices and

met hods for detecting and 15 neasuring certain characteristic paraneters of
a nedium such as, for exanple, the human body. Background Art [0003] U.S.

Pat ent No. ; i ich is incorporated herein by 20
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devi ce, albbﬁgéFsource, preferably aliégg-enitting di ode ("LED"), is

| ocat ed af PRsFRtiaRplicption elaims therhenpfiwif $5S. Provisiored Patbnt Applitatioh alo.

i nci dent  §/gt6ok @A g1 14 8P6s, Source causes the indicator nolecules to
fluoresce. The high-pass filter allows emtted |ight 25 to reach the

phot odet ector, while filtering out scattered incident light fromthe |ight
source. An analyte is allgy | uorescent matrix, changing

the fluorescent propertie e S i LA TN 0 el in proportion to the
amountlOof anal yte present. The fluorescent enission is then detected and

measur ed ¥ tlf] hot odet ect or, thus providing a nmeasure of the anount or
concent r at- X e present within the environment of interest. 3 0

[ 0004]  Onpooeny Vi iaea@bS rdRe dehabil ftrBhi [ SEVLGE1 0L, Lhe Lype
disclosed in the '313 paten s }?ﬂge%rr%?%%?atﬁ eéa%gr\r/lf@%dsiq%rwgesﬁgg?, ei t her
subcut aneBEpsieR andindugiidn poweningf wireless data transmission devices. More

particularly, the invention relates to implantable devices and methods for detecting and

s (qs

15 measuring certain characteristic parameters of a medium, such as, for example, the human
body.

Background Art

[0003] U.S. Patent No. 5,517,313, the disclosure of which is incorporated herein by

20 reference, describes a fluorescence sensing device cdmprising a layered 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

25 toreach the photodetector, while filtering out scattered incident light from the light source.
An analyte is allowed to permeate the fluorescent matrix, changing the fluorescent pfoperties
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. |

30 [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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I 1 % otherwise, to allow instantaneous neasurenents of analytes to be
taken at any desired tine. For exanple, it is desirable to neasure the
.concentration of oxygen in the blood of patients wunder anesthesia, or of
gl ucose in the blood of diabetic patients. [0005] Because of the size and
accessibility constraints on a sensor device inplanted in the 5 body,
*there are a nunber of issues associated with the production of a comrerci al
unit, wherein the need for mniaturization gives rise to reliability,
nanufactug?ﬁgwgpﬁgakgjfgggiveness, and Qgﬁfornance concerns. For exanple,
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processing circuit. The RF energy coupling and data transfer are accomplished by providing
two coils: a small coil within the implanted sensor device, and a larger coil connected to the
external processing circuit.

[0007] One possible implementation of the 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 works 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 slightly 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.



itionally, the physical structure of the wi re-wound coil creates
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the-sensor device, which may result in bubble formation within the _
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on théOsubstrate and extending over at |east one surface of the substrate
in a coil pattern. 20 [0015 i anot her aspect of the invention,
a fluorescence sensor devic® NYENTIAN, ce for i ntroduci ng |ight
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15 major dimension thereof, and first and second end surfaces between the tfop and bottom
surfaces along a minor dimensijon thereof, at least one component (either an integrated circuit
(IC) chip, a discrete analog component, or an ASIC chip) mounted to a main surface of the
substrate, and a conductor formed on the substrate and extending over at least one surface of

- the substrate in a coil pattern.

20 [0015] According to another aspect of the invention, a fluorescence sensor device includes a
light -s.our.ce 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
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

25 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.
30



the fluorescent indicator varying in accordance with the pr esenc:a a[urzli el
quantity of an analyte in 25 the medium a coil for receiving elec real
power from an external power supply, and for conmuni cating t_he.I IS| gn?
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first section of the substrate, and the coil being fornmed on a secon
section of the substrate such that the coil extends around opﬁ(();ssl n8016]
surfaces of the substratg, 303 (I%RIEFDESCRI PTI O\I OF TSECERf\\c/)Vthe 1[ol o ng
The invention will be no Hdl Y B (5 HH VNG

_ n conj tion with the
ot ol | o0 JUCE TRl @RoRly i DRELa PehRIBRA T refoenf’? foLfas PP YBE dEANISH and

thus are F\%'*Pnll’ti%Otf&tPFQf@TQdfemHoémpmelsxe:nnjMtlonmmtth@&co@E%MﬁlgrsdI[ 2813]0 one

t
ot ot er 'Zwﬁm%b ag% ly %a?\lgfﬁjeus?%t nr?f‘rc?ﬁg%\f/"lﬁg%gfolt rﬁcnéuilatlﬂe efghepresente vi ew of the
greﬁfsg;rgemvg@ogl andwilterdioar d of FIG 1; [0019] FIG 32|0]s I%I tC)iOt 'Zom pgaga\r/; Ie\{;\/I
00 (IS
of the se ce circuit board of FIG 1; 10 |
si de vie ? 7 ﬁ@ekésoar OBB&Pé’ée“f:‘? frasgnsor feyagechirguit boald aepotdingtotone priafeired
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greﬂr::gglrrren mcelrlhncgr pgratlﬁ%h a sensor device circuit board according to a
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FIG 6
sensor 2 is a detailed view of the circ
dermnstrae%’lgt’r?gi |eﬁ‘f§tﬁﬁfr‘ve’?té¥nl ection within the body of the sensor and a

d
pr ef er r ed0OIM FIGUS {s1aQRos@fsedtIBal SRS  Lhdd H&ncezlgcdrggrgtlir];gaacs%ns!o?%eevl:.lce an

circuit board according to a further embodiment of the invention;

[0022] FIG. 6is a schematic, section view of an implantable fluorescence-based sensor
15 according to the invention;

[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

20 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

25 [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

30 top and bottom surfaces 101a and 101b, end surfaces 101e and 101f extending along a minor



0025]- FIG 9 is a schematic view of a ferrite bead used as a | ow pass

1[i I te]r as anot her aspect of the invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENT 25 [0026] FIG 1 shows a top view of one preferred
enbodi ment 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

enbodi nent of the invention, the sensor device circuit board 100 includes
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i : . d d bottom surfaces simlar to,
For - exampt arbisnieiife bl Abicaes G EaRtany s, Srket eiis siosamtent s, i he
ferrite covabommayndshapedd 115 rited exdnipls tel forridd ARNit dSRBOSL §’suﬁslfhiri%lgf2 rite

i h that it h no substantially flat surfaces. 029]
A 5o, i TR0 BT EFarY CavE U oS P HE 1. veanimple, maduifoenSddacr | bed as

havi ng a football. In yet other embodiments, the ferrite core may be rod-shaped. In still other

embodiments, the ferrite core is shaped such that it has no substantially flat surfaces.
[0029] Also, while a preferred embodiment of the invention has been described as having a
coil section on a first section of the substrate and the IC section being a second section of the
20 substrate, theinvention is not limited to this configuration. For examplé‘, 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
25 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

30 surfaces may be pre-coated. One example of a preferred ferrite material formulation is



coil section on a first section of the substrate and the |1 C section being a
second section of the 20 substrate, the inventionis not [imted to this
configuration. For exanple, in accordance with other enbodi nents, the
circuit conponents may be nounted on top of the coil, resulting in thicker
but shorter sensor. Further, the sensor illustrated in FIG 6 could have a
Ffull length coil. [0030] According to a preferred enbodi nent of the
invention, the surfaces of the ferrite 25 substrate to be netallized or
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formed on the ferrite substrate, which contacts connect to the printed circuit wiring pattemns

105. The conductive coil material preferably is formed on the ferrite substrate 101 using
edge-wrapping techniques. However, other formation techniques as known in the art also
20 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
25 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 technology
_(SMT), flip-chipping, and chip-on-board.



Fig. 3, the ends of the coil 106 may be directly connected to netallization
contacts 107 formed on the ferrite substrate, which contacts connect to
the printed circuit wiring patterns 105. The conductive coil material
preferably is formed on the ferrite substrate 101 using edge-w apping
techni ques. However, other formation techniques as known in the art also 20
‘may be used. Also, while the coil is illustrated in Fig. 1 as being w apped
around the main_ surfaces and the side surfaces, the sanme effect may be
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provi ded by use of the ferrite
bead causes dampening of high-frequency components of current passing through the wire

902. Conversely, where such dampening is undesired, it is important that the coil be kept
external to the ferrite substrate. | ‘

20 [0037] Advantageoue use of a ferrite material substrate to mitigate 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 is composed of a sensor body 12; a matrix layer 14 coated over the exterior surface of the
sensor body 12, with fluorescent indicator molecules 16 distributed throughout the matrix

25 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

30 the.indicator molecules 16 such that a signal is generated in response thereto that is indicative



Routing conductors through holes or vias forned in the ferrite substrate
wll act to danp 15 hi gh-frequency energy in the sane nmanner as shown in
Fig. 9, wherein a ferrite bead 901 is used as a lowpass filter around a
circuit wire 902. Passing the circuit wire through the ferrite bead causes
danpeni ng of hi gh-frequency conponents of current passing through the wre
*902. Conver'sely, where such danpening is undesired, it is inportant that
the coil be kept external to the ferrite substrate. 20 [0037] Advantageous
gate the effect of noise on

f f t
ch)tS ﬁe? gl r g%’f’tl evgloorﬁfuﬁgﬁ?egcﬁ éﬁﬁ? ‘P%s?gt?%g%]ﬂc%iﬁ rL&f &7891§ fpherincdudsseli nent of a

sensor 10makdielor b@sfngm?contbﬁ\ﬁﬁ(éle‘éﬂoﬁxb &Idcuk ﬁxﬁﬁancHlﬁ@ra e JehiiR6BFGENt
i ndi cator nol ecul es, as shown in Fig. e sensor 0 I's conposed of a

sensor bo#{PY gaatGWﬁ?rF‘W‘Ie%W 14 coat ed over the exterior surface of the
b di.s te
Sensor  DOfosEPTo tekithitd HOLERLENLe O AL REmTRI ESUE %%ﬁae&?ﬁ] OB g

throughout the matrix I ayer rafion sou
eni ts radiightitepident ercthadetaging aulifat iof dete@20ahouMivehigld 00né ABHSd 6f

wavel engt ALSL A nol ecules, i.e., in the case
of a fl uo?%glggnce faséu® @%E@w&%%@ﬁg@ﬂuwy ?@H@@W%\?@héhﬁjﬁhﬁs whi ch
cause t heeffeatshifeabivht lli@ﬂteﬁ dbtectorldd thay el cileB&LEut. ABRewr Rﬁé’%flgﬁ faghdnky ©

uo

el enent 20 ag %158’3? etector, which, in the case of sce ce- based
sensor, | SERANt FEQdeé’s"@éﬁfldqsif@hh orzhgard aelshwhidh whse premht cmisor

7ol ecul e5bd et dofifierichlifl Aetierlc; HERRIECLr ) RgpoNSe thereto that is
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noi se can cone from ot her sources as
deleterious effect_ of the high-frequency noise on other circuit components may be

substantially mitigated by, for example, routing a drive lead wire through the ferrite substrate
as a “via.” Asshown in Fig. 4, according to this aspect of the invention, a via 401 is formed
20  through the ferrite substrate 101. LED 104 is mounted on one side of the substrate 101, and
drive circuitry 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 tbrough 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 ﬁltef the noise. The lead wire from a
25  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 fiéld of view of the photodetectors is



g having a coil 106 which is excited by a strong high-frequency
iggaggigo%ield, gay be surrounded and perneated by the h!gh-frequegcy g
magnetic field. This high-frequency signal may add undesirable on- Far -
el ectrical noise in various parts of the circuit, such as for _exanP Sh
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[0044] As illustrated by Fig. 8, at least some of the light emitted by the fluorescent indicator
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
2 O 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. '

25 [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_ZO, 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

30 fluorescent light emitted by fluorescent indicator molecules to pass through it to strike the



(whet her coated directly thereon or contained within a matrix),, exciting
fluorescence in 10 fluorescent indicator nolecules coated on the surface.
In addition, light which strikes the interface at angles (neasured
relative to a direction nornmal to the interface) too small to be reflected
passes through the interface and al so excites fluorescence in fluorescent

‘i ndi cator nol ecules. Gther nodes of interaction between the |ight (or

ot her radiation) and the interface and the indicator nolecul es have al so
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glass filters may be glued into the holes.
[0048] By mounting the photodiodes 511a and 511b to the lower surface of the ferrite _
substrate directly under the optical filters 509a and 509b, the photodiodes afe less susceptible
20 to scattered LED and ambient light from sources other than the fluorescing indicator matrix;
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.
sur_face of the PCB substrate, larger angles of light from the indicator matrix are capable of
25 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 minjaturization 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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rate. [0047] As shown in Fig. 5, a sensor device 501 contains a
?2P$§t2 PCB[101 Lnd associ ated circuit conmponents encased within sensor
body 503. An optional ASIC controller 505 and associated other conponents
507, such as ICs, are nounted on the ferrite substrate along with 10 an LED
104 and phot odi odes 511 a and 51 Ib. In operation, photodiode 511 a is used
to nmeasure the emtted fluorescence signal, while photodiode 511 b is used
to measure a reference signal. In an alternative enbodi nent, the
phot odi od . separate indicator S|gnal at a
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Sccupy o PR S Baint et oAz SRt 1 ho cubstrate. 10 [0049] The
sensor bq@usﬁ%eagmﬁaﬁ&%&?wﬂcﬁ tﬁesselfts%f i‘@&cﬁfdﬂ%’t@oﬁ%é al?\xﬁgtlsﬁd’\tﬁ']tfqa'%%t as an

transnissive polynmer material (organic or ani €
‘opticadP visve Ob‘%t ip gartipplar o plthaygh hﬁn‘emﬁmssheamky axphydtion fcploﬂr}ycﬂﬂtﬁsﬁmlb as

pol ymet hyik fREQAGE VAR biological analytes in the human body, e.g., glucose, oxygen, toxins,

pharmaceuticals or other drugs, biomolecules, hormones, and other metabolic analytes. The
specific composition of the matrix layer 14 and the indicator molecules 16 may vary
depending on the particulat analyte the sensor is to be used to detect and/or where the sensor

20 isto 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 characteristit:é 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.

25 [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.

30 The device of course could be larger or smaller depending on the materials used and upon the
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roxypropyl methacryl ate and the |ike, and polycarbonates such as
Pﬁl)ggy{sjol dygndg’ the 5 t%lademark Lexan(r_). The materi al al I ows radi i’itl O'?h
generated by the radiation source 104 [|ight at an appropriate WaVﬁ eng
in embodinents in which the radiation source is an LED) and, in the case
of a fluorescence-based enbodi ment, fluorescent light emtted by the Ced in
indicator nolecules, to travel through it. [0050] As further |IIus]'Era ed
Fig. 6, the sensor 10 nmay also include reflective coatings 32 10 formed on
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f appr.oxi mately
har rraceubncﬁ;&;lulaﬂeﬂ & wéll. CERS1dlsBnply bé%auseltﬁe efls %?IFAEI’JI%% order. of.
200 5 crons to approximately 0.5 inc ? tf_ e WBJII‘?‘H%“ order of

appr o >;155316bca11t111b6 aBHe derp%ma)‘g}ypq)cmhﬁm @b@b@l@hmctbnstms di¢fpteht f£Hom\hdi h
f t hroughout. 3 0 The devi ce of course
generallyoﬁﬁﬁﬁilfﬂwsdeounded surraces g d and upon the 11
coul d be Iar er or smaller depending on the materials used and up
;ﬂ To overcome this potential hindrance to or delay in exposing the indicator molecules

to biological analytes, two primary approaches are contemplated. According to one approach,
which is perhaps the simplest approach, a sensor/tissue interface layer -- overlying the surface
20 of'the sensor body 12 and/or the indicator molécules themselves 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 contalned therein -- is prepared from
a material Wthh causes little or acceptable levels of fibrotic encapsulation to form. Two
examples of such materials described in the literature as having this characteristic are
25 Preclude™ Periocardial Membrane, available from W L. Gore, and polylsobutylene
covalently combined with hydrophiles as described in Kennedy, "Tailoring Polymers for
Biological Uses," Chemtech, February 1994, pp. 24-3 L.
[0055] Alternatively, a sensor/tissue interface layer that is composed of several layers of
specialized b1ocompat1ble materials can be provided over the sensor. As shown in Fig. 8, for

30 example, the sensor/tissue interface layer 36 may include three sublaye1s 36a, 36b, and 36¢.
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i ntended uses of the device. This configuration permts the sensor 10 to be
inplanted into the human body, i.e., dermally or into underlying tissues
(including into organs or bl ood vessels) wthout the sensor interfering
with essential bodily functions or causing excessive pain or disconfort. 5
[ 0053] Moreover, it will be appreciated that any inplant placed within the
human (or any other animal's) body -- even an inplant that is conprised of
"bi oconpati ble" materials -- will cause, to sone extent, a "foreign body
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mol ecul ar 1@@9‘% %? jtenal prdueed; feony kigh-density polyethylervdweilalils fromt ROREX di f f usi on
or transp®utgidil B8 aREXBY B i ' - ulation as well. This is

si nply because thgacelxl $pf or m ntél%{lﬁghfsfB?%f%ﬁpé)ﬁ@%é’ﬁfeafﬁeowdl@r scar
tissue) caFfhBectyepomottisses and vascular egorwth inte therisals dlgréwtgafeact eri stics

di f ferent o) | tissue. [0054] To overcone this potenti al
hi ndr ance [?%ﬁg?ﬁ%%%g¥9€3r?gb§<ngt§esPt??fg'ﬁ}aﬂcg HTtfeRY ot diptmpatible daver witha poregi cal
anal yt es, seaQegsrthavel micappstasahe ss SEficany $hnlep e the oAU P4 LRqRNE

approach, . which .is haps the sinplest approach, sensor/tissue
i nterf g@e “f%%tﬁ S‘-‘@layé’g g%ﬁ Yigi P FTRES isEaigrowtiy A presensly peafsrord tatetyal EBmand/ or

the | ndi caltih tONRIYLSE WS Slales M BRoil e d Atk EANAL, Il ecul e, ar
i mi nobi | i eqpﬂi rect ?jy on the s&rfgée 0 Cl{l%?éggg%%rgh@gﬂ%m% °Wé]?'lcﬁllfeﬁg t he
surface CEXaurgical Membrane), aviileble fiver WildiGrat, dic. WHig@Cdehsists af e cont ai ned

therein - Exﬂaﬁd@rﬁwtﬁdﬂlfo@%@ﬂgtleﬁgmﬁ},al whi ch causes little or acceptable

| evel s of fibrotic encaps orm Two exanples of such materials
descri bed [4047} e third estddyar Socasts baw moBchiat Seveid, acir6viistd ﬁol@&ﬁar%éﬁigﬁ ecl udeT™m
I utylen

e o Soalo IS At AL e L S S e pe Ve
Pol ynmer s fbile alBivahoit eadlytbsesmalytooe i @ahto ﬂ%@@&&&ﬁ%ﬁ{it 1984 indBtor %?ﬁlé%fn%g [0055]
ib‘lat ernat :c Ye?tlhgr’ cog’[eg Si?esc?lg/ /og Ithsesslélx(laso; ll;]otd?/rlg ao? ?mllnggliﬁ;edtwig]tin zla. rsn t?—io FIDOS (134 ; everd
yers o atrix 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 wei ght cut-off layer 36c¢.
20 [0058] As will be recdgnized, 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.g., for driving the source 18) 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 recogniied, the fluorescence-based sensor erﬁbodiments 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
absqrbance-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

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

13



speci al i zed bi oconpatible nmaterials can be provided over the sensor. As
showmn in Fig. 8 for 30 exanple, the sensor/tissue interface |ayer 36 nmay
include three sublayers 36a, 36b, and 36c. 12 The subl ayer 36a, a |ayer
whi ch pronotes tissue ingromh, preferably is nade froma bioconpatible
material that permts the penetration of capillaries 37 into it, even as
fibrotic cells 39 (scar tissue) accunulate on it. Gore-Tex(r) Vascul ar

G aft material (ePTFE), Dacron(r) (PET) Vascular G aft materials which

have been i RLKSE n ars,. and 5 MEDPOR Bi omaterial produced from
hi gh- densi t Y po yffé)? E@aggbr% V%ﬁi‘\?ékfel prEoR hashepttessribed yrit referentaio.ah ar e

exanpl es dfbplasie@sinadrslevioasie RamigleseP HRAS ki ' and_pore .
architectgé% B#ggote fissue %ﬁﬁxgascuLar ingfgﬂfﬁ£%ﬁﬁggﬁﬁgwppg§§8“WHgromﬂh
| ayer. [O0GBET “rh&>STHles eommppication funpions sing anamehoar datwsralynyl poSvedl

bi oconpat ittahsfer| faytEion. WA b arfll P .t ha icroneters) that is
signifiéa?tb .smal ler tﬂan ?ﬁ%@%gégﬁgfgég%%1@ﬁgﬁ??%g%gm9@ppﬁﬁﬂaﬁk% subl ayer
36a so as @-¥@E@§§H¥-tissue ingrowh. A presently preferred material from
whi ch the sublayer 36b is to be made is the Preclude Periocardi al Menbrane
(formerly called GORE-TEX Surgical Menbrane), available fromWL. Core,
Inc., which consists of expanded pol ytetra-fluoroethylene (ePTFE). [0057]
The third sublayer 36¢c acts as a nolecular sieve, i.e., it provides a

nol ecul ar weight 15 cut-off function, excluding nol ecul es such as

i mmunogl obul i ns, proteins, and glycoproteins while allow ng the analyte 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 cellul ose-type nenbranes, e.g., of the sort used.in
ki dney dialysis. filtration cartridges, nmay be used for the nol ecul ar

wei ght cut-off |ayer 36¢c. 20 [00530] As will be recogni zed, the sensor as
shown in Fig. 6 is wholly self-contained such that no electrical |eads
extend into or out of the sensor body, either to supply power to the sensor
Le-& for driving the source 18) or to transmt signals fromthe sensor.
All of the electronics illustrated in Fig. 2 may be housed in a nodul e 66
as shown in Fig. 6. [0059] As also will be recognized, the

fl uorescence-based sensor enbodi nents described in 25 Figs. 6-8 are just
exanpl es to which the disclosed invention may be applied. The present

14



i nvention may al so be applied in a nunber of other applications such as,
for exanple, 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 30 that
the sane may be varied in many ways w thout departing fromthe spirit and
scope of the 13 invention. For exanple, while the invention has been :
descri bed wihlr Isefian@merst 0 an i npl anted sensor device, the principles of
the invention may be applied to any printed circuit board that has

wirel ess dornRiiiitdircin dévices tomaprisingsi ng an on- board data or signal power

transfer functi I h dification re intended to be
enconpassed byht gtr@@?’ogﬁg %\Smlﬁ’rﬁlganﬁ#g’ioﬁggmtﬂm\%@&lrSPES%EKPW@BVIPSFOP@dA print ed
circuit dévitoe surtoespfiiss amigecandsitesiutakebd0sdRgidIuP siPslto v ahes i te
material, sald.substrate havin% top-and bottom surfaces, first and second"
si de sut f ST YPRERER el and Sisst apdisesendeafsuiace sl ean seidgomanddotteinor

di mensi on siutteeebng Aftlof dibithsigNtheme£0Nd end surfaces between said top and
bottom surfaces along a mnor dinmension thereof; at |east one circuit
conmponent mountderst e £irprit epranontntceunted ted waisshetaealf egid antdtrate:caaduct or
fornmed on said i ver one of sai in surfaces and
si de surfaces ?ﬁdﬁg%{;ﬂ ﬁ?)idt esgirgﬁ{f%a%%n&ﬁ’gt%ﬁ?%?% ORg Pl mARHTEESSof ¢l ai m
1, wher ei andsilakugfaces gastoibprttemi. r cuit conponent lead is routed through a
via forgred in sajd substrate. 3. The printed circuit device of claim 2,
wherein said at |east one circuit conponent 15 conprises a light-emtting

di ode (LER) antheprineddirteit d&ddetbrlefalh 1 dvhefdif sl bk S ol Jiﬁ:Hjt li:orgli?o\ﬁif:ﬁ:tﬁea(zi]c claim
ad. 5. The (

3, wherein saiﬂ | ead for said LEDis a drive le printed circuit

devi ce of SIPUPHibsouehasteciormadingaigsulstatet one circuit conponent |ead .

3. The printed circuit device of claim 2, wherein said at least one circuit combonent

15 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

20 isrouted through a plurality of vias formed in said substrate.

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

‘Touted through a plurality of vias 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
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20 is routed through a plurality of vias fornmed in said substrate. 6. The
printed circuit device of claim5, wherein a plurality circuit conponent

leads is routed through a plurality of vias formed in said substrate. 25
7. The printed circuit device of claim1, wherein said coil is edge joined
around said substrate. 8. The printed circuit device of claim1l, wherein
said coil is used for transfer of data signals to an external device. 30
15 9. The printed circuit device of claiml, wherein said coil is used for

i nductivegran . . tric wer, from an .external power supply. 10.
[I'heupr: \rllt gfﬂ ci ?gﬁ??nt%%]{ecég%ﬂw%?fg’?Wf: WiHEr SR ool isspd fogﬂ-@é}"tb"ieﬁ%& er devi ce

is a5 compelearit poferdron aptashdpbeersapsipr device that performs quantitative
anal yte neasurenments wthin a body of a living organism 11. The printed
circuit device of claim10, wherein said at |east one circuit conmponent

conpri ses 18. | | ghé pradied ditcid d8Vi008t kD) : el L printed circuit
device further 10 i ncl ucfi ng alt Iecast bvr‘{e p g??&@%‘%%?%‘%‘%‘“% I an

el ect r oni CORBYICEE L3R inplgnigble senseryicvice thatparforrhns qiantitmide onlyee MEédsitepnisi r cui t

devi ce am‘gthﬁ{hgdaggﬂwﬁggpé#ﬂs&pr data and/or power transfer, the
i nprovenent conprising: formng said printed circuit device substantially

of ferrite material; and 15 using said printed circuit device as a ferrite

core for idipductive coil. 13, . A fluorescence sensor device,
conpri si ngzil a jlrflilegrf{f“tt%do"d’i%‘g deyipe ‘i]fﬁ{af%&g’c‘?’kf?@em st past epesirepibermennmenit
i ndi cat or compriscs alightaatiSingididde ALEIBEH Wherei i detecting
| i ght fg tttﬁgi,i by sgti[d fl u%nrdescgﬁtmi%%di cat %gsa?inﬂhgégg%ﬁﬁslggévg& &' i ntroduced
| i ght , T AndPrHdineshieptions plptedetacipral proportional to the detected |ight, the
response of the fluorescent indicator varying in accordance with the
presence and quantity of an analyte in the medium

: 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 improvement comprising:
forming said printed circuit device substantially of ferrite material; and

15 using said printed circuit device as a ferrite core for said inductive coil.

13. A fluorescence sensor device, comprising:
a light source for introducing light into a fluorescent indicator that interacts with a
medium;
20 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
25 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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arcoil- for receiving electrical power froman external power supply, and
for 2 5 communicating said signal to an external processing device; and a
substrate fornmed substantially of ferrite material, said |light source and
said photodetector being nounted to said substrate, and said coil being
fornmed on a said substrate such that said ferrite material increases
induction characteristics of said coil. 16 14. The fl uorescence sensor
device of claim 13, wherein said |light source and said photodetector being
mount ed t Q42 fithsStn ' ' nd. saiLd coil hei.ng formed on
a second section Ofégsg%d§9§eu965rtc§gitcg918@9%15{3?%&%?@&'sggiﬁ@g%%%ag f8r device of
cl ai m 13, phwiedassetpr being mowited txe Brtsctinmofisdid solpras] o saidrdod Gefe Bmsdbs
S_UbStrateaséc@ndﬂlﬁor“)%(g{d%ﬁﬁs%n e sensor device of claim13, wherein said

| i ght source conprises a  comnponent that is routed through a via forned in
said substrate. 10 17. The fluorescence sensor device of claim13, wherein

sai d co%l jlss e,gge-wra%)ed around, said substrate. 18. The fluorescence
“sensor devwPce OF° PYOLssReERsenspredenion okdrim Bomherein saidlengilfesstendsi@oundmuni cat i on
of data sighrlng sti@acedoXidgin@atedevi ce. 19. The fluorescence sensor device
of claim 13, wherein said coil Is used for inductive reception of electric
power from an external power supply. 20 20. The fl uorescence sensor device

of claim g, Welf| i vice coppr.ises an . inplantabl e sensor device
t hat perforns quaﬂoﬁsgﬁgseeg‘goﬁéﬁ% Ve hed&y e?@f‘ﬁeg‘ lﬁ?‘hsoé?%&él?%?esé living
or gani sm c@fiponéhichdt isrontes denph asénfohedB\aideubdiratel 2i m 13, wherein said

devi celd:orrpri ses an 25 inplantable sensor device that perforns qualitative
anal yte neasurenents within a body of a living organism 22. The

fluorescentze SEmsiorédeshceenr deviet 7 Flm MOGLELR 3 itlid L iy oyrpri ses
a light-em é@iﬁgage di ode (LIIEID)r anld sai d substrat ggﬁtf?%lﬁge%%r@?p&ﬁl&%gﬁ%{pl east

one phot offdt

18. The fluorescence sensor device of claim 13, wherein said coil is used for

15 communication of data signals to an external device.

19. The fluorescence sensor device of claim 13, wherein said coil is used for inductive

reception of electric power from an external power supply.

20 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

25 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.
30
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30 17-:23. The fluorescence sensor device of claim13, further conprising a
via formed in said substrate for routing of a conductor for a circuit
conmponent. 24. The printed circuit device of claiml, further conprising a
via formed in said substrate 5 for routing of a conductor for a circuit
conponent. 25. A fluorescence sensor device, conprising: a |light source for
introducing light into a fluorescent indicator that interacts with a

medi um 10 a phot odet ector for detecting Iight emtted by said fluorescent

indicatorpgn r ntr and .for o tting a signa
proport i ongl tlgémg%%e{l%cste }é%? flewhe & ‘i'3 %’gtbe&i SEPTing ?l?éla#?‘%ﬁf‘ S5kt

i ndi catorsubatra}tbﬁgrmﬁngoﬁmccdﬂnaermablrctmoﬁ@mnce and quantity of an
analyte in the nedium and a substrate on which said |ight source and said
phot odet ector are nounted; and 15 wherein an optical filter is |ocated

directly pyer Bbpfntekasteleiet 8f claikdl, further comprising a via formed in said substrate

5 forrouting of a conductor for a circuit component.

25. A fluorescence sensor device, comprising:
a light source for introducing light into a fluorescent indicator that interacts with a
medium; |
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.

18



