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Description

Field of the Invention

[0001] The present invention is generally directed to
an implantable medical device, e.g., an implantable sen-
sor, and in particular is related to techniques for providing
hermetic connections to such a device.

Background of the Invention

[0002] The presentinvention relates to semiconductor
substrates, and more particularly to a semiconductor
substrate fabricated to include hermetically-sealed elec-
tronic circuitry as well as non-hermetically-sealed elec-
trodes thereon so as to form an implantable sensor or
other implantable electronic device.

[0003] InU.S.PatentNo. 5,660,163 (hereafterthe’'163
patent), there is disclosed an implantable glucose sensor
which is fabricated on a ceramic substrate. Working elec-
trodes and other elements associated with the sensor
are exposed to a conductive fluid contained within a res-
ervoir or inner sheath that covers the substrate. An outer
sheath is also placed over the sensor, with a window
formed over one of the working electrodes. A selected
enzyme, such as glucose oxidate (GO), is placed within
the window. As disclosed in the *163 patent, five wires or
conductors are attached to the electrodes and connected
to electronic circuitry, e.g., a circuit such as is shown in
FIG. 3 of the '163 patent.

[0004] Additional features, aspects and improvements
of a glucose sensor of the type disclosed in the 163 pat-
ent are further disclosed in U.S. Patent No. 6,081,736;
U.S. Patent No. 6,119,028; U.S. Patent No. 5,999,848.

[0005] As disclosed in the referenced patents, an im-
proved implantable sensor may be fabricated by placing
the electrodes on one side of the substrate and by also
placing an integrated circuit (IC) chip on the other side
of the substrate, along with other needed electronic com-
ponents, e.g., a capacitor(s), thereby forming a hybrid
electronic circuit on the side of the substrate opposite the
electrodes that is used to control or drive the sensor. The
sensor senses the electrical current flowing to the elec-
trodes, from which current the amount of oxygen near
the electrodes can be determined, from which oxygen
level determination, the amount of glucose to which the
sensor is exposed can also be determined. Additional,
the sensor sends and receives information, data, and/or
power from an external location over a two-conductor
transmission line. The IC chip and other electronic com-
ponents are hermetically sealed under a metal cover, the
edges of which are hermetically bonded to the substrate.
Electrical connection is established with the IC chip and
other sealed components through stair-step vias or pas-
sageways that traverse through the substrate. Several
ofthese types of sensors may be daisy-chained together,
using just two conductors, as required. The outer sheath
encircles the entire substrate, both the electronic circuit
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side with its metal cover, and the sensor electrode side,
with its electrodes, saline solution reservoir and enzyme-
filled window.

[0006] Disadvantageously,the sensordescribedinthe
referenced patents and patent applications is relatively
thick. For many implantable applications, a thinner sen-
sor is needed that still provides hermetic electrical con-
nections to its internal circuitry. Hence, there remains a
need for yet a smaller sensor that performs all of the
same functions as the prior sensor, i.e., that provides
working electrodes exposed to a saline, with a selected
enzyme placed over one electrode, and with hermetical-
ly-sealed electronic circuitry controlling the sensor and
communicating with other sensors and an external con-
trol unit. The present invention advantageously address-
es these and other needs.

[0007] According to a first aspect of the present inven-
tion there is provided a hermetically sealed package suit-
able for implantation in living tissue, said package being
defined in claim 1.

[0008] According to a second aspect of the present
invention there is provided a method of forming an elec-
trically conductive hermetic connection to a hermetically
sealed integrated circuit, said method being defined in
claim 11.

[0009] The present invention provides an implantable
substrate sensor wherein electronic circuitry associated
with the sensor, i.e., the IC chip, is formed within, or on,
asuitable substrate, e.g.,a CMOS substrate. A protective
coating then covers the substrate, effectively forming a
hermetically sealed package having the circuitry under
the coating. In embodiments of the present invention, the
circuitry has one or more electrically conductive pads for
communicating and/or providing power to the circuitry.
One or more electrical pathways provide hermetic elec-
trical connection to the conductive pads for external con-
nection to the sealed circuitry within the sealed package.
Electrodes associated with the sensor may be selectively
leftuncovered by the protective coating, thereby allowing
such electrodes to be exposed to body tissue and fluids
when the sensor is implanted in living tissue.

[0010] In a first embodiment, the electrical pathway is
a via that is made from a biocompatible material, e.g.,
platinum, that is made hermetic by either increasing its
thickness, e.g., to at least 5 microns, or by ion beam
deposition. The electrical pathways are formed from met-
al traces essentially parallel to the surface of the sub-
strate that are connected at their first ends by first vias
to conductive pads on the circuitry and with their second
ends extending external to the sealed package, thus pro-
viding external electrical connection to the hermetically
sealed circuitry. The metal traces are surrounded by a
biocompatible insulation material, e.g., alumina, zirconia,
or alloys of alumina and zirconia. Due to this combination
of vias and metal traces surrounded by insulation mate-
rial, the resulting electrical connection is hermetic.
[0011] Inaccordance with one aspect of the invention,
a pair of thin substrate sensors made in accordance with
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the present invention, each having electronic circuitry
formed on one side of the substrate may be placed back-
to-back with the interconnecting and/or sensing elec-
trodes facing outward. Such a back-to-back pair of sub-
strate sensors advantageously allows the sensor elec-
trodes to be positioned on the outside surfaces of the
sensor pair substrates.

[0012] A hermetically sealed package suitable for im-
plantation in living tissue comprises (1) a semiconductor
substrate having a plurality of surfaces and having an
integrated circuit formed on at least one of said surfaces,
the integrated circuit having one or more electrically con-
ductive pads for communicating and/or providing power
to the integrated circuit, (2) one or more electrical path-
ways for providing electrical connection to the one or
more electrically conductive pads, the pathways having
first ends coupled to the one or more pads and second
ends exposed for external electrical connection from the
sealed package, and (3) an insulating material for encap-
sulating the integrated circuit and the semiconductor sub-
strate surfaces except for selected portions of the second
ends of the electrical pathways.

[0013] The novel features of the invention arc set forth
with particularity in the appended claims. The invention
will be best understood from the following description
when read in conjunction with the accompanying draw-
ings.

[0014] US-A-5,782,891 describes an implantable
medical device with a ceramic enclosure having a multi-
layered ceramic feedthrough substrate.

[0015] US-A-5,833,603 describes a bio sensing trans-
ponder for implantation into an organism. A control circuit
(anintegrated circuit) is mounted on a substrate and sup-
ports an energy coupler. A capsule protects the circuit
and coupler. Electrodes may protrude through a wall of
the capsule and may be sealed thereto to form hermetic
feedthroughs.

[0016] US-A-6,043,437 describes animplantable sen-
sor consisting of a hybrid circuit formed on an insulating
substrate. A further insulation coating layer made of alu-
mina is provided to encapsulate the substrate and the
hybrid circuit so that only the essential electrical contacts
are accessible from outside the sensor. Conductive path-
ways are provided between the hybrid circuit and the
external contact in the form of a coated wire.

Brief Description of the Drawings

[0017] The above and other aspects, features and ad-
vantages of the present invention will be more apparent
from the following more particular description thereof,
presented in conjunction with the following drawings.

FIG. 1is a block diagram that illustrates multiple sen-
sors/stimulators connected together using a two-
conductor bus, which two-conductor bus may be
connected to a controller.

FIG. 2 schematically illustrates a preferred manner
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of how a sensor/stimulator may be connected with
a controller and other sensors/stimulators in a serial
or daisy-chain fashion.

FIG. 3A shows a perspective, partially exploded,
view of a sensor/stimulator of the type disclosed in
the referenced patent application as used in the dai-
sy chain of FIG. 2.

FIG. 3B illustrates a sectional side view of the sen-
sor/stimulator of FIG. 3A.

FIG. 3Cillustrates a sectional top view of the sensor/
stimulator of FIG. 3A.

FIG. 3Dllustrates a sectional end view of the sensor/
stimulator of FIG. 3A.

FIG. 4 depicts an implantable lead that includes a
plurality of the sensor/stimulators of FIGS. 3A-3D.
FIGS. 5A and 5B respectively shows perspective
and cross sectional views of a sensor not in accord-
ance with the present invention, which provides a
hermetic electrical connection to a semiconductor
formed on the substrate by enhancing the hermetic-
ity of the electrically conductive via.

FIGS. 6A and 6B respectively shows a perspective
and a cross sectional view of an embodiment of a
preferred sensor substrate made in accordance with
the present invention, which provides a hermetic
connection to a semiconductor formed on substrate
by forming a combination of via and metallic path-
ways surrounded by an insulating material.

FIG. 7 shows a partial cross section of a next alter-
native embodiment of a technique for providing a
hermetic electrical connection to the semiconductor
formed on the substrate.

FIG. 8 shows one method that may be used to de-
posit a protective coating or layer over the sensor
substrate.

FIG. 9illustrates a sensor assembly formed by plac-
ing two sensor substrates back-to-back so that the
electrodes of both sensor substrates face outwardly
from the assembly.

FIG. 10 depicts use of the sensor assembly of FIG.
9 within a sheath and membrane to form an electro-
chemical sensor assembly.

[0018] Corresponding reference characters indicate
corresponding components throughout the several views
of the drawings.

Detailed Description of the Preferred Embodiments

[0019] At the outset, it is to be noted that implantable
sensors are generally used to sense some type of phys-
iological parameter or condition or other event that occurs
within, or is sensible from a location within, living tissue
of a patient. To that end, such sensors employ one or
more electrodes, or similar transducers, that convert a
sensed parameter to an electrical or other detectable sig-
nal. Ofttimes, a sensor simply senses an electro-potential
signal, such as that which typically accompanies depo-
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larization of muscle tissue, or other natural electrical sig-
nals associated with the patient’'s body. In such an in-
stance, all the sensor need employ is some type of elec-
trode that is in contact with the monitored tissue and ap-
propriate electronic circuitry for receiving, amplifying
and/or storing any signal that is sensed. Also, it is com-
mon to employ the electrode of such sensor as a stimu-
lator as well, through which an electrical current pulse
may be applied to tissue in contact with the electrode.
Thus, it is common to refer to a sensor electrode, which
also may be used as a stimulus electrode, as a sensor/
stimulator. Further, the sensor may be used as an elec-
trochemical sensor, or enzyme electrode sensor, e.g., of
the type disclosed in the *163 patent or the other refer-
enced patents. For such an electrochemical sensor, a
suitable enzyme or other chemical is placed in close prox-
imity to the electrodes so that the desired chemical inter-
actions may take place.

[0020] Whatever the type of implantable sensor em-
ployed, a common element(s) in all such sensors is the
electrode and the electronic circuitry used to monitor
and/or control the electrode(s). It is to be understood,
however, that other sensor elements, e.g., an enzyme,
may be used in conjunction with the electrode and asso-
ciated electronic circuitry.

[0021] Tobetterunderstand and appreciate the advan-
tages offered by the present invention, it will first be help-
ful to briefly review a preferred application and manner
of making an implantable sensor of the type disclosed in
the referenced patent and patent applications. To that
end, reference is made to FIG. 1, where there is shown
a block diagram that illustrates multiple sensor/stimula-
tors 12a, 12b, ... 12n, connected together, as well as to
a controller (not shown) using just two common conduc-
tors 14 and 16. The two conductors 14 and 16 provide a
common signal and return for data signals and power
signals that are sent from the controller to the sensor/
stimulators 12a, 12b, ... 12n, as well as a common signal
and return path for data signals transmitted from the sen-
sor/stimulators 12a, 12b, ... 12n, to the controller.
[0022] FIG. 2 schematically illustrates how an implant-
able device, e.g., a sensor/stimulator 18a, may be con-
nected with a remote controller 20 and other implantable
sensor/stimulators 18b, ... 18n, in a serial or daisy-chain
fashion. As seen in FIG. 2, the sensor/stimulator 18a is
connected to the controller 20 by two conductors 14’ and
16’ which are attached to a first pair of pads or terminals
13 and 15 along a proximal side (i.e., the side closest to
the controller 20) of the sensor/stimulator 18a. Another
pair of pads or terminals 17 and 19 are located along a
distal side (i.e., the side farthest from the controller 20)
ofthe sensor/stimulator 18a. As will become evident from
the description that follows, the distal pad 17 is electrically
connected to the proximal pad 13 through the circuitry
21 located on the sensor/stimulator 18a. Similarly, the
distal pad 19 is electrically connected to the proximal pad
15 through the circuitry 21 included within the sensor/
stimulator 18a. Two additional conductors 14" and 16"
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are then used to connect the distal pads 17 and 19 of the
device 18a to corresponding proximal pads 13’ and 15’
of the next sensor/stimulator 18b connected in the daisy
chain. In this manner, as many devices as desired may
be serially connected to the controller 20 using just two
conductors.

[0023] Itis noted that FIG. 1 is functionally electrically
equivalent to FIG. 2. FIG. 2 simply employs proximal and
distal pairs of pads or terminals to facilitate the connection
of additional devices to the chain by extending two con-
ductors from the distal pads 17 and 19 of a more proximal
device in the chain to the proximal pads 13’ and 15’ of a
new device to be added to the chain. However, where
the particular application allows connections to be made
to, or branched off of, the two main conductors 14 and
16, then the configuration of FIG. 1 may be used just as
well as the configuration of FIG. 2.

[0024] There exist many different applications for the
daisy-chainable sensor/stimulators 12 or 18 of the sys-
temillustrated in FIGS. 1 or 2. Generally, where the sen-
sor/stimulators 12 or 18 are implanted, they are designed
to sense one or more body parameters or substances
found in body tissue or fluids, e.g., glucose level, blood
pH, O,, temperature, or the like. Such measurements
can provide valuable information regarding the condition
and status of the patient. As such, it is ofttimes desirable
to make more than one measurement within the same
general body tissue area so as to be able to compute an
average or mean of the measurements thus made or
otherwise obtain a consensus from several different
readings, thereby better assuring the accuracy and reli-
ability of the data thus gathered.

[0025] Other times, it may be desirable to obtain vari-
ous measurements of a given substance at physically
related, but different, body locations. For example, for
some applications, e.g., a closed-loop insulin infusion
system, it could be advantageous to obtain a glucose
reading within the blood stream and another glucose
reading within the blood stream and another glucose
reading within the body tissue adjacent the blood stream.
This is because the time constant associated with how
readily one glucose reading changes compared with the
other may be different (and, in fact, is usually different),
and being able to obtain or monitor such difference would
provide valuable information regarding the regulation of
the insulin infusion.

[0026] Turning nextto FIGS. 3A, 3B, 3C and 3D, there
are shown, respectively, a perspective exploded view
(FIG. 3A), a side view (FIG. 3B), a top view (FIG. 3C),
and anend view (FIG. 3D), of atypical implantable sensor
device 30 of the type disclosed in the referenced patents.
As seen best in FIG. 3A, the sensor device 30 typically
includes a carrier or substrate 36 on which an integrated
circuit (IC) 38 and other components, such as a capacitor
40, are mounted in hybrid fashion.

[0027] Whereas the carrier or substrate 36 shown in
FIG. 3A serves as a foundation or base on which hybrid
electronic circuitry is formed, the present invention re-
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lates to an embodiment where the carrier or substrate 36
actually comprises the substrate in which the IC 38 is
formed.

[0028] Forthe embodiment shown in FIGS. 3A-3D, all
of the components of the hybrid circuit are hermetically
sealed within a cavity formed by a lid or cover 42 which
is bonded to the substrate 36. As will be evident from the
description that follows, a significant advantage of the
presentinvention is that this lid or cover 42 is not required
in the embodiment of the invention disclosed herein.
[0029] ReturningtoFIGS. 3A-3D, proximal pads or ter-
minals 13 and 15, as well as distal pads or terminals 17
and 19, remain outside of the hermetically sealed part of
the hybrid circuit created by the cover 42. These proximal
and distal pads, however, are electrically connected to
the circuitry within the hermetically sealed part through
suitable feedthrough connections. One preferred manner
of making such feedthrough connection is to use a
feedthrough connection that passes through the carrier
or substrate in the stair-step manner (including both ver-
tical and horizontal segments) is disclosed in U.S. Patent
No. 5,750,926.

[0030] Still with reference to FIGS. 3A-3D, on the side
of the carrier or substrate opposite the hybrid electrical
circuitry, a suitable electrochemical sensor 44, or other
desired type of sensor or stimulator, may be formed or
located. A type of electrochemical sensor that may be
used, for example, is the enzyme electrode sensor de-
scribed in U.S. Patent No. 5,497,772 and in particular, in
FIGS. 2A, 2B, 2C, 3, 4A and 4B of that patent. However,
itis tobe emphasized thatthe precise nature of the sensor
44, or other implantable element used within the sensor
device 30, is not critical to the present invention. All that
matters is that the sensor or other element be implanta-
ble, and that it provide a desired function, e.g., sense a
certain type of parameter or substance, or generate a
certain type of signal, in response to an appropriate con-
trol signal or signals.

[0031] Whatever type of control signal(s) or output sig-
nal(s) is/are generated by the sensor 44, or other ele-
ment, such signal(s) may be communicated from the hy-
brid circuit side of the carrier or substrate 36 (which is
the top side as the sensor device 30 is oriented in FIG.
3B or FIG. 3D, and which top side includes the hermet-
ically sealed portion of the device) to the sensor side of
the sensor device 30 (which is the bottom side as shown
inFFIG. 3B or FIG. 3D) by way of appropriate hermetically-
sealed feedthroughs that pass step-wise from the hybrid
(top) side of the sensor device 30 through the substrate
or carrier, e.g., in the manner set forth in the above-ref-
erenced '926 patent, to the sensor (bottom) side of the
sensor device 30.

[0032] For example, where the sensor comprises a
glucose sensor of the type taught in U.S. Patent No.
5,497,772, there may be five conductors that electrically
interface with the main elements (electrodes) of the sen-
sor, as seen best in FIG. 4A of the '772 patent. Where
such a glucose sensor is employed, these five conduc-
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tors thus interface with the hybrid electrical circuitry found
on the top side of the carrier 36 using appropriate
feedthroughs that hermetically pass step-wise through
the carrier 36, i.e., that pass through the carrier using
both vertical horizontal segments, as taught in the '926
patent.

[0033] As mentioned above, the application is directed
to a device 30 that does not employ a carrier 36, per se,
as shown in FIGS. 3A, 3B, 3C, 3D and FIG. 4, wherein
the control electronics are positioned on one side (the
top side) of the carrier 36, and the sensor, or other device
being used with or controlled by the electronics, is placed
on the other side (the bottom side) of the carrier. Rather,
the ceramic or substrate on which the IC 38 is formed
itself functions as the carrier. In the parent application,
this is accomplished using vias that are formed in a sub-
strate, or between various layers of an integrated circuit
as the integrated circuit (IC) is formed, function as her-
metic feedthroughs, with selected layers and traces be-
ing coated as needed with aluminum oxide, or other oxide
coatings, in the manner taught in the aforementioned
'926 patent, and/or in U.S. Patent No. 6,043,437 in order
to seal appropriate sections or portions of the IC so that
the coated IC may itself be implanted. Advantageously,
when this is done, the sensor 44 or other implantable
element used with or controlled by the IC may be formed
on the back side (non-active side) of the IC substrate.
Thus, a carrier, per se, is not needed because the IC
substrate functions as the carrier, and a lid or cover 42
is not needed.

[0034] Animportant advantage achieved with embod-
iments of the application is that the electrical circuitry
formed within the substrate of the sensor allows the im-
plantable device to be daisy chained with other similar
implantable devices, while still allowing each individual
device to be individually addressed, controlled and mon-
itored from a single controller 20. Such electrical circuitry,
frequently referred to hereafter as the interface/control
circuitry, is shown in FIGS. 3A, 3B, 3C, 3D and 4 as
being located on the "top" side of the carrier 36, predom-
inantly underneath the cover 42 in a hermetically sealed
portion of the sensor device 30. However, it is to be un-
derstood that in accordance with the application, such
interface/control is actually formed within the substrate,
on an active side of such substrate, and coated, as re-
quired, with a suitable coating, so as to be hermetically
sealed.

[0035] The configuration of FIG. 2 is especially well-
suited where several of the implantable devices are to
be daisy-chained together to form a single lead 32, as
shown in FIG. 4. As seen in FIG. 4, three sensor-type
devices 30a, 30b, and 30c of the type shown in FIGS.
3A-3D are connected together via lead segments 46a,
46b, and 46c¢. Each of the lead segments 46a, 46b, and
46c¢, contain two conductors 14, 16, and may be con-
structed in any suitable manner, e.g., with the two con-
ductors being spirally wound within the lead segments,
and with the spiral windings being encased or covered
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within a sheath of silicone rubber, as in known in the lead
art. (Note, that for purposes of FIG. 4 each of the two
conductors 14, 16 within the lead 32 is considered as
one conductor, even though each is segmented within
the individual lead segments 46a, 46b and 46¢ as it con-
nects from the distal pad of one device to the proximal
pad of another device.) A distal cap 34 covers the distal
pads of the end, or most-distal, sensor device 30c of the
lead 32.

[0036] Turning next to FIGS. 5A and 5B, a substrate
sensor 50 not made in accordance with the present in-
vention is shown. Top and sectional side views of such
substrate sensor 50 are shown in FIGS. 5A and 5B, re-
spectively. Advantageously, the substrate sensor 50
does not use hybrid electronic circuitry nor require a her-
metically-sealed lid or cover. Rather, the substrate sen-
sor 50 includes a substrate 52, e.g., a silicone or ceramic
substrate of the type commonly used in the formation of
CMOS or other integrated circuits.

[0037] Electronic circuitry is formed as an integrated
circuit 70 on an active side of the substrate 52, within a
region 54, in conventional manner, e.g., in accordance
with conventional CMOS processing techniques, and
may extend down below the surface into the substrate
52. Hence, the circuit region 54 is shown in FIG. 5B as
extending slightly into the body of the substrate 52. On
the active surface of the substrate sensor 50, as seen in
FIG. 5A, connection pads 13, 15, 17 an 19 may be formed
to allow the sensor substrate to be daisy-chained with
other sensors, as taughtin the previously referenced U.S.
Patent No. 5,999,848.

[0038] The integrated circuit 70 (shown in the example
of FIG. 5B as extending to the edge of the substrate 52)
includes a plurality of electrically conductive pads 72
formed on its upper surface for communicating and/or
providing power to the integrated circuit 70. Such pads
are formed from an electrically conductive material, e.g.,
aluminum, or the like, in a conventional matter. The ma-
jority of the substrate 52 and the integrated circuit 70
formed within are coated with a biocompatible insulating
material, e g., alumina, zirconia, or an alloy or alumina
and zirconia, to hermetically encapsulate the package
forming the substrate sensor 50 using an encapsulation
layer 56. Significantly, the present invention provides
electrical connection through the encapsulation layer 56
to the electrically conductive pads 72 while maintaining
the hermeticity of the package forming the substrate sen-
sor 50. In a firstembodiment, shown in FIG. 5B, a metallic
via (e.g., forming pads 15 and 19), preferably formed
from platinum, passes through the encapsulation layer
56 in order to provide external electrical connection to
the electrically conductive pads 72. The vias are prefer-
ably made hermetic in one of two techniques. In a first
technique, the layer of platinum forming the via is made
thick enough, e.g., at least 5 microns, to overcome any
non-uniformity of the platinum that would tend to allow
leakage. In a next technique, described further below,
ion beam deposition can be used to form the platinum
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vias. Since this process will form a more uniform layer of
platinum, the thickness of the platinum vias may be some-
what decreased while still being hermetic.

[0039] Turning nextto FIGS. 6A and 6B, an alternative
technique which is in accordance with the invention is
shown for providing external hermetic electrical connec-
tions through the encapsulation layer 56 to the electrically
conductive pads, e.g., 72a and 72b, on the integrated
circuit 70 (shown in the example of FIG. 6B as extending
to the edge of the substrate 52). In this technique, a me-
tallic (e.g., aluminum, platinum) trace, e.g., trace 74, is
formed essentially parallel to the surface of the substrate
52 and the integrated circuit 70. A first end of the trace
74 is electrically coupled to the electrically conductive
pad, e.g., pad 72b. A second end 58 of the trace 74 is
exposed through the encapsulation material 56 to form
a pad 19 accessible at its outer surface. In the technique
shown in FIG. 6B, hermeticity is achieved via the ser-
pentine routing of the electrical connection from the sec-
ond end 58 of trace 74 to the conductive pad 72b and by
the relative length of the metal trace 74, e.g., the length
of the metal trace is preferably at least 100 microns. Pref-
erably, the metal trace is surrounded by thin, e.g., 1 mi-
cron, layers of encapsulation material, typically deposit-
ed as one or more fabrication steps.

[0040] Additional electrical connections, e.g., for form-
ing sensing electrodes E1 and E2 (see FIG. 6A) may
also be formed on the same surface as the power/com-
munication pads 13, 15, 17, 19 and hermetically connect-
ed to the integrated circuit 70 in a similar manner. Such
sensing electrodes may be used in combination with the
integrated circuit 70 to form a sensor as described in the
aforementioned patents. Advantageously, when desired,
the previously described technique allows all of the con-
nections, circuitry and sensing electrodes to be formed
on the same surface of the substrate 52 and thus facili-
tates the fabrication of multiple, e.g., pairs of, sensors as
described further below in the description of FIGS. 9 and
10.

[0041] FIG. 7 shows a partial cross section of a next
alternative embodiment of a technique for providing a
hermetic electrical connection to the semiconductor
formed on the substrate. This embodiment is similar to
that shown in reference to FIG. 6A except that additional
layers of interconnected metallic electrically conductive
traces, 74’, 74" surrounded by additional encapsulation
layers 56°, 56", 56" are used to further enhanced the
hermeticity of the electrical connection (at some cost in
increased thickness of the package).

[0042] Various techniques may be used to apply a
coating of encapsulation layer 56, e.g., alumina insula-
tion, over the substrate 52. A preferred technique, for
example, is to use an ion beam deposition (IBD) tech-
nique. IBD techniques are known in the art, as taught,
e.g. in U.S. Patent Nos. 4,474,827 or 5,508,368.
[0043] Using such IBD techniques, or similar tech-
niques, the desired alumina or other layer 56 may be
deposited on all sides of the substrate 52 as illustrated
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in FIG. 8. As seen in FIG. 8, the substrate 52 is placed
on a suitable working surface 401 that is rotatable at a
controlled speed. The working surface 401 with the sub-
strate 52 thereon (once the circuitry and electrodes have
been formed thereon) is rotated while a beam 421 of ions
exposes the rotating surface. Assuming the substrate 52
has six sides, five of the six sides are exposed to the
beam 421 as it rotates, thereby facilitating application of
the desired layer of alumina onto the five exposed sides
of the object. After sufficient exposure, the object is
turned over, thereby exposing the previously unexposed
side of the substrate to the beam, and the process is
repeated. Inthis manner, four of the sides of the substrate
52 may be double exposed but such double exposure
simply results in a thicker encapsulation layer 56 of alu-
mina on the double-exposed sides.

[0044] Other techniques, as are known in the art, may
also be used to apply the alumina encapsulation layer
56 to the object.

[0045] The steps typically followed in applying an en-
capsulation layer 56 of alumina to the substrate 52 in-
clude:

(a) Sputtering a layer of titanium of about 300 A thick
over any metal conductor or other object that is to
be coated with the alumina.

(b) If selective application of the alumina to the object
is to be made, spinning a photosensitive polyamide
onto the substrate.

(c) Applying a mask that exposes those areas where
alumina is not to be applied.

(d) Shining ultraviolet (UV) light through the mask to
polymerize the polyamide. Where the UV light illu-
minates the polyamide is where aluminum oxide will
not be deposited. Thus, the polymerizations of the
polyamide is, in effect, a negatively acting resist.
(e) Developing the photoresist by washing off the
unpolymerized polyamide with xylene, or an equiv-
alentsubstance. Once the unpolymerized polyamide
has been washed off, the ceramic (or other compo-
nent) is ready for aluminum oxide deposition.

() If selective application of the alumina is not to be
made, i.e., if alumina is to be applied everywhere, or
after washing off the unpolymerized polyamide, de-
positing aluminum oxide to a prescribed thickness,
e.g., between 4 and 10 microns, e.g., 6 microns, over
the subject using ion enhanced evaporation (or sput-
tering), IBD, or other suitable application techniques.
(g) During application of the coating, rotate and/or
reposition the substrate as required in order to coat
all sides of the substrate, e.g., as shown in FIG. 8,
with a coating of sufficient thickness. This step may
require several iterations, e.g., incrementally depos-
iting a thin layer of alumina, checking the layer for
the desired thickness or properties, and repeating
the repositioning, depositing, and checking steps as
required until a desired thickness is achieved, or until
the coating exhibits desired insulative and/or herme-
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ticity properties.

(h) Breaking or scribing the aluminum oxide that re-
sides over the polyamide, if present, with a diamond
scribe, or laser, controller by a computerized milling
machine. This permits a pyrana solution, explained
below, to get under the oxide for subsequent lift off
of the aluminum oxide.

(i) Lifting off the polyamide and unwanted aluminum
oxide after soaking the substrate in pyrana solution
(H,SO4 xH,0, x 2 heated to 60° C). Soaking should
occur for 30 to 60 minutes, depending on the thick-
ness of the polyamide layer.

[0046] The above described coating method is sub-
stantially the same as that disclosed in U.S. Patent No.
6,043,437. It should be apparent to one of ordinary skill
in the art that the aforementioned IBD techniques may
be adapted to selectively deposit a layer of platinum or
the like of a biocompatible electrically conductive metal
to form the via and electrodes used to provide an external
electrical interconnection to the semiconductor formed
within. Advantageously, by using such an IBD technique,
the platinum or the like metallic layer can be made suffi-
ciently uniform to provide a hermetic connection.
[0047] FIG.9illustrates asensorassembly 100 formed
by placing two sensor substrates 50 back-to-back so that
the electrodes of both sensor substrates face outward.
The protective encapsulation layer 56 is not shown in
FIG. 9, but it is presumed to be present.

[0048] FIG. 10 depicts the use of the sensor assembly
100 of FIG. 9 within a sheath 102 and membrane 104 so
as to form an electrochemical sensor assembly 110. The
sheath 102 surrounds the sensor assembly 100 and
forms a reservoir therein into which a suitable solution
108, e.g., a saline solution, is held. The membrane 104
surrounds the sheath 102. Pockets 106 are formed in the
membrane 104 over a selected working electrode. A suit-
able enzyme 107 is placed inside of the pockets. Win-
dows 109 expose the enzyme 107 to the surrounding
environment held in the pockets 106.

[0049] Operation of the electrochemical sensor as-
sembly 110 may be substantially as described in the '163
patent and the other previously referenced patents. How-
ever, in the aforedescribed structure of sensor assembly
110, the sensing windows 109 are located on both sides
of the assembly, thereby providing a broader exposure
coverage or "view" for the operation of the sensor.
[0050] As described above, it is thus seen that the
present invention provides and implantable sensor hav-
ing electrodes and electronic circuitry, where the elec-
tronic circuitry and electrodes are formed on or in the
same substrate material, e.g., a semiconductor substrate
of the same type used in the formation of complementary
metal oxide semiconductor (CMOS) integrated circuits.
[0051] It is a further seen that the invention provides
and implantable sensor, including electrodes and elec-
tronic circuitry, that does not require a lid or cover for
hermetically sealing hybrid electronic circuitry on one
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side of a substrate; thereby allowing the sensor to be
significantly thinner than would otherwise be possible.
[0052] While the invention herein disclosed has been
described by means of specific embodiments and appli-
cations thereof, numerous modifications and variations
could be made thereto by those skilled in the art without
departing from the scope of the invention set forth in the
claims. For example, itis generally desirable that the cor-
ners of the assembly be rounded (see corner 62 in FIG.
6B) to further ensure hermeticity. Sandblasting and acid
etching techniques can accomplish this rounding. Fur-
thermore, while pads, e.g., 19, are generally positioned
within a shallow cavity in the encapsulation layer 56, it
may be desired to bond conductive beads or pads to
assist external connection or to stagger/layer the sur-
rounding encapsulation layer to minimize any stress on
external connections to the pads, e.g., 19. Such varia-
tions are considered to be within the scope of the present
invention. It is therefore to be understood that within the
scope of the claims, the invention may be practiced oth-
erwise than as specifically described herein.

Claims

1. A hermetically sealed package (50; 100; 102) suita-
ble for implantation in living tissue, said package
comprising:

a semiconductor substrate (52) having a plural-
ity of surfaces and having an integrated circuit
(70) formed as an integral portion of at least one
of said surfaces, said integrated circuit having
one or more electrically conductive pads (72;
72a, 72b) for communicating and/or providing
power to said integrated circuit;

one or more electrical pathways (74; 74’, 74")
for providing hermetic electrical connection to
said one or more electrically conductive pads,
said pathways having first ends coupled to said
one or more pads (72; 72a, 72b) and second
ends (13, 15, 17, 19) exposed for external elec-
trical connection from said sealed package; and
an insulating coating material (56; 56, 56") coat-
ing and encapsulating said integrated circuitand
said semiconductor substrate surfaces except
for selected portions of said second ends (13,
15, 17, 19) of said electrical pathways wherein
said hermetically sealed package is thereby
suitable for implantation in living tissue;
wherein each of said electrical pathways com-
prises:

a first electrically conductive via electrically coupled
to one of said pads (72a, 72b);

a metal trace (74) oriented essentially parallel
to the surface of the semiconductor substrate
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(52) on which the integrated circuit (70) is formed
and electrically coupled at said first end by said
first via to said one or more pads and exposed
at, said second end (15, 19) of the pathway; and
wherein

said electrical pathway is surrounded by the in-
sulating coating material (56).

The hermetically sealed package of claim 1, wherein
said pathways are formed from electrically conduc-
tive material having a thickness sufficient to inhibit
leakage due to any non-uniformity of the conductive
material.

The hermetically sealed package of claim 1 or 2,
wherein said electrical pathways are comprised of
platinum, and wherein said electrical pathways com-
prise a biocompatible hermetic via.

The hermetically sealed package of claim 3 wherein
said electrical pathways are made hermetic by hav-
ing a thickness of at least 5 microns.

The hermetically sealed package of claim 1, wherein
said biocompatible insulation material (56) is select-
ed from the group of alumina, zirconia or an alloy of
alumina and zirconia.

The hermetically sealed package of claim 1 wherein
said second end (15, 19) of said metal trace is bio-
compatible.

The hermetically sealed package of claim 6 wherein
said second end (15, 19) of said metal trace is plat-
inum.

The hermetically sealed package of claim 1 wherein
at least one of said electrically conductive pathways
is comprised of:

a plurality of metal traces (74’, 74") having first
and second ends, including at least an inner-
most trace (74’) closest to said semiconductor
substrate (52) and an outermost trace (74") fur-
thest from said semiconductor substrate, each
adjacent pair of metal traces separated by an
insulating material (56’) sandwiched in-between
so as to form a hermetic seal between said metal
traces;

at least one interconnection via surrounded by
said insulating material (56’) for interconnecting
said adjacent pairs of metal traces;

at least one innermost via for interconnecting
said innermost trace (74’) to at least one of said
pads (72) on said integrated circuit (70) at the
first ends of the pathways;

an insulating material for encapsulating said plu-
rality of metal traces, said integrated circuit and
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said semiconductor substrate, wherein the sec-
ond end (19) of at least one outermost metal
trace (74") is at least partially exposed through
the encapsulating insulating material (56) at the
second end of the pathways for external com-
munication; and wherein

said combination of metal traces, sandwiched
insulating material, encapsulating material and
vias provides a hermetic communication path to
said integrated circuit from a location external
to said implantable package.

The hermetically sealed package of claim 1 wherein
said integrated circuit (70) is formed on afirst surface
of the semiconductor substrate (52) and said elec-
trical pathways (74; 74’ 74") from said integrated cir-
cuit extend outward from said first surface.

The hermetically sealed package of claim 9 wherein
said semiconductor substrate has a second surface
on a side opposite of said first surface of said sub-
strate and said second surface of said substrate is
formed without electrical pathways or an integrated
circuit.

A method of forming an electrically conductive her-
metic connection to a hermetically sealed integrated
circuit, said method comprising the steps of:

forming an integrated circuit (70) on a surface
of a semiconductor substrate (52), said integrat-
ed circuit (70) having one or more electrically
conductive pads (72; 72a, 72b) for communicat-
ing and/or providing power to said integrated cir-
cuit;

forming one or more electrical pathways (74; 74’,
74") for providing hermetic electrical connection
to said one or more electrically conductive pads
(72; 72a, 72b), said pathways having first ends
coupled to said one or more pads and second
ends (13, 15, 17, 19) exposed for external elec-
trical connection from said sealed integrated cir-
cuit (70); and

coating and encapsulating said semiconductor
substrate and said integrated circuit except for
selected portions of said second ends of said
electrical pathways with an insulating coating
material (56; 56’, 56") wherein said hermetically
sealed circuit is thereby suitable forimplantation
in living tissue;

wherein the step of forming one or more electrical
pathways comprises at least in part the steps of:

forming a first electrically conductive via electri-
cally coupled to one of said pads (72a, 72b);

forming a metal trace (74) oriented essentially
parallel to the surface of the semiconductor sub-
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strate (52) on which the integrated circuit (70) is
formed and electrically coupled at said first end
by said first via (72a, 72b) to said one ore more
pads an exposed at said second end (15, 19) of
said pathway; and

surrounding said electrical pathway by a the in-
sulating coating material (56).

The method of claim 11, where said pathways are
formed from electrically conductive material having
a thickness sufficient to inhibit leakage due to any
non-uniformity of the conductive material.

The method of claim 11 or 12 wherein the step of
forming one or more electrical pathways comprises
the step of forming said electrical pathways (74; 74’,
74") from platinum such that said electrical pathways
are biocompatible.

The method of claim 13 wherein the step of forming
said electrical pathways from platinum comprises
depositing said platinum using ion beam deposition
to ensure sufficient uniformity.

The method of claim 13 wherein the step of forming
said electrical pathways from platinum comprises
depositing a layer of platinum of at least 5 microns
to cause said platinum electrical pathways (74; 74’,
74") to be hermetic.

The method of claim 11 wherein the step of surround-
ing said electrical pathway comprises depositing alu-
mina to surround said electrical pathway (74).

The method of claim 11 wherein the step of forming
a second electrically coupled via comprises forming
said second via from a biocompatible material.

The method of claim 11 wherein the step of forming
a second electrically coupled via comprises forming
said second via from platinum such that said second
via is biocompatible.

The method of claim 11 wherein the step of forming
one or more electrical pathways comprises at least
in part the steps of:

forming a plurality of metal traces (74’, 74") hav-
ing first and second ends, including at least an
innermost trace (74’) closest to said semicon-
ductor substrate (52) and an outermost trace
(74") furthest from said semiconductor sub-
strate, each adjacent pair of metal traces (74,
74" separated by an insulating material (56)
sandwiched in-between so as to form a hermetic
seal between said metal traces;

forming at least one interconnection via sur-
rounded by said insulating material (56°) for in-



20.

21.

22,

23.

24,

25.

17 EP 1 408 863 B1 18

terconnecting said adjacent pairs of metal trac-
es;

forming at least one innermost via for intercon-
necting said innermost trace (74’) to at least one
of said pads on said integrated circuit at the first
ends of the pathways;

depositing an insulating material (56) for encap-
sulating said plurality of metal traces (74’, 74"),
said integrated circuit (70) and said semicon-
ductor substrate (52);

enabling at least a portion of one said second
end (19) of an outermost metal trace (74") to be
partially externally exposed through the encap-
sulating insulating material (56) at the second
ends of the pathways for external communica-
tion; and wherein

said combination of metal traces, sandwiched
insulating material, encapsulating material and
vias provides a hermetic communication path to
said integrated circuit from a location external
to said implantable package.

The method of claim 19 additionally comprising the
step of rounding at least one corner of said encap-
sulated integrated circuit.

The method of claim 20 wherein said rounding step
comprises sandblasting.

The method of claim 20 wherein said rounding step
comprises acid etching.

A hermetically sealed package according to any one
of claims 1 to 10, without a lid or cover for the en-
capsulated substrate.

A method according to any one of claim 11 to 22,
without providing a lid or cover for the encapsulated
substrate.

A method according to any one of claims 11 to 22,
wherein the step of encapsulating said semiconduc-
tor substrate and said integrated circuit comprised
performing ion beam deposition of the insulating
coating material.

Patentanspriiche

1.

Hermetisch dicht abgeschlossene Baugruppe (50;
100; 102), die zur Implantation in Lebendgewebe ge-
eignet ist, mit:

einem Halbleiter-Substrat (52) mit einer Vielzahl
von Oberflachen und einer integrierten Schal-
tung (70), die als integraler Bestandteil minde-
stens einer der Oberflachen ausgebildet ist und
eine oder mehr elektrisch leitfahige An-
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schlussflachen (Pads) (72; 72a, 72b) fiir die Si-
gnallbertragung und/oder die Stromzufuhr zur
integrierten Schaltung aufweist;

einem oder mehr elektrischen Leitungspfaden
(74; 74’; 74") zum Herstellen einer hermetisch
dichten elektrischen Verbindung zu einer oder
mehr der elektrisch leitfahigen Anschlussfla-
chen, wobei die Leitungspfade an ersten Enden
mit der einen oder mehr Anschlussflachen (72;
72a, 72b) verbunden sind und an zweiten Enden
(13, 15, 17, 19) freiliegen, zur externen elektri-
schen Verbindung zur abgeschlossenen Bau-
gruppe; und

einem isolierenden Beschichtungsmaterial (56;
56’, 56"), das mit Ausnahme ausgewahlter Teile
der zweiten Enden (13, 15, 17, 19) der elektri-
schen Leitungspfade die integrierte Schaltung
und das Halbleitersubstrat abdeckt und einkap-
selt, so dass die hermetisch dicht abgeschlos-
sene Baugruppe fir die Implantation in Lebend-
gewebe geeignet ist;

wobei die elektrischen Leitungspfade jeweils aufwei-
sen:

einen ersten elektrisch leitfahigen Durchsteiger,
der mit einer der Anschlussflachen (72a, 72b)
elektrisch verbunden ist;

eine Metall-Leiterbahn (74), die zu der Oberfla-
che des Halbleiter-Substrats (52), auf der die
integrierte Schaltung (70) ausgebildet ist, im
Wesentlichen parallel ausgerichtet ist, und an
dem ersten Ende durch den ersten Durchsteiger
mit der einen oder mehr Anschlussflachen ver-
bunden ist und am zweiten Ende (15, 19) der
Leiterbahn freiliegt;

und wobei der elektrische Leitungspfad von dem
isolierenden Beschichtungsmaterial (56) umge-
ben ist.

Hermetisch dichte Baugruppe nach Anspruch 1, de-
ren Leitungspfade aus einem elektrisch leitfahigen
Werkstoff dick genug ausgebildet sind, um Leckstro-
me in Folge von UngleichmaRigkeiten des leitfahi-
gen Werkstoff zu unterdriicken.

Hermetisch dichte Baugruppe nach Anspruch 1 oder
2, deren elektrischen Leitungspfade aus Platin be-
stehen und einen biokompatiblen, hermetisch dich-
ten Durchsteiger aufweisen.

Hermetisch dichte Baugruppe nach Anspruch 3, de-
ren Leitungspfade dadurch hermetisch dicht wer-
den, dass sie mindestens 5 Mikron dick sind.

Hermetisch dichte Baugruppe nach Anspruch 1, bei
der das biokompatible Isolationsmaterial (56) aus
der aus Aluminiumoxid, Zirconoxid und einer Alumi-
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niumoxid-Zirconoxid-Legierung bestehenden Grup-
pe gewahlt ist.

Hermetisch dichte Baugruppe nach Anspruch 1, bei
der das zweite Ende (15, 19) der Metall-Leiterbahn
biokompatibel ist.

Hermetisch dichte Baugruppe nach Anspruch 6, bei
der das zweite Ende (15, 19) der Metall-Leiterbahn
aus Platin besteht.

Hermetisch dichte Baugruppe nach Anspruch 1, bei
der mindestens einer der elektrisch leitfahigen Lei-
tungspfade aufweist:

eine Vielzahl von Metall-Leiterbahnen (74’, 74")
mit ersten und zweiten Enden, von denen min-
destens eine am weitesten innen liegende Lei-
terbahn (74’) dem Halbleiter-Substrat (52) am
nachsten und eine am weitesten auf3en liegen-
de Leiterbahn vom Halbleiter-Substrat am wei-
testen entfernt liegt, wobei jeweils zwei neben-
einander liegende Metall-Leiterbahnen von ei-
nem isolierenden Material (56’) getrennt sind,
das dicht zwischen ihnen so eingeschichtet ist,
dass zwischen den Metall-Leiterbahnen ein her-
metisch dichter Abschluss entsteht;
mindestens einen Verbindungs-Durchsteiger,
der vom isolierenden Material (56’) umgeben ist
und die nebeneinander liegenden zwei Metall-
Leiterbahnen verbindet;

mindestens einen am weitesten innen liegenden
Durchsteiger zum Verbinden der innersten Lei-
terbahn (74’) mit mindestens einer der An-
schlussflachen (72) der integrierten Schaltung
(70) an den ersten Enden der Leitungspfade;
und

ein isolierendes Material zum Einkapseln der
Vielzahl von Metall-Leiterbahnen, der integrier-
ten Schaltung und des Halbleiter-Substrats, wo-
bei zur externen Signallibertragung das zweite
Ende (19) mindestens einer am weitesten au-
Ren liegenden Metall-Leiterbahn (74") durch
das Einkapselungsmaterial (56) am zweiten En-
de der Leitungspfade hindurch mindestens teil-
weise freiliegt;

wobei die Kombination aus Metall-Leiterbah-
nen, eingeschichtetem isolierendem Material,
Einkapselungsmaterial und Durchsteigern ei-
nen hermetisch dichten Ubertragungsweg von
einem Ort auRerhalb der hermetisch dicht ab-
geschlossenen Baugruppe zur integrierten
Schaltung herstellt.

9. Hermetisch dichte Baugruppe nach Anspruch 1, bei

der die integrierte Schaltung (70) auf einer ersten
Oberflache des Halbleiter-Substrats (52) ausgebil-
det ist und die elektrischen Leitungspfade (74; 74’,
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10.

1.

20

74") von der integrierten Schaltung weg und von der
ersten Oberflache auswarts verlaufen.

Hermetisch dichte Baugruppe nach Anspruch 9, bei
der auf seiner der ersten gegeniberliegenden Seite
das Halbleiter-Substrat eine zweite Oberflache auf-
weist, die ohne elektrische Leitungsbahnen oder ei-
ne integrierte Schaltung gebildet ist.

Verfahren zum Herstellen einer elekirisch leitfahi-
gen, hermetisch abgeschlossenen Verbindung zu
einer dicht eingeschlossenen integrierten Schal-
tung, mit folgenden Schritten:

Ausbilden einer integrierten Schaltung (70) auf
einer Oberflache eines Halbleiter-Substrats
(52), wobei die integrierte Schaltung (70) einen
oder mehr elektrisch leitfdhige Anschlussfla-
chen (72; 72a, 72b) zur Signallibertragung
zu/von der integrierten Schaltung und/oder fur
die Stromzufuhr aufweist;

Ausbilden einer oder mehr elektrischer Lei-
tungspfade (74; 74’, 74") zum Herstellen herme-
tisch dichter elektrischer Verbindungen zu der
einen oder mehr elektrisch leitfahigen An-
schlussflachen (72; 72a, 72b), wobei die Lei-
tungspfade an ersten Enden mit der einen oder
mehr Anschlussflachen verbunden sind und an
zweiten Enden (13, 15, 17, 19) freiliegen, um
von der dichten integrierten Schaltung (70) ab-
gehende elektrische AuRenverbindungen her-
zustellen; und

Beschichten und Einkapseln des Halbleiter-
Substrats und der integrierten Schaltung - mit
Ausnahme ausgewahlter Teile der zweiten En-
den - mit einem isolierenden Beschichtungsma-
terial (56; 56’, 56"), so dass die dichte abge-
schlossene integrierte Schaltung fiir das Im-
plantieren in Lebendgewebe geeignet ist;

wobei das Ausbilden eines oder mehrerer elektri-
scher Leitungsbahnen mindestens teilweise die fol-
genden Schritte aufweist:

Ausbilden eines elektrisch leitfahigen ersten
Durchsteigers, der mit einer der Anschlussfla-
chen (72a, 72b) verbunden ist;

Ausbilden einer Metall-Leiterbahn (74), die im
Wesentlichen parallel zu der Oberflache des
Halbleiter-Substrats (52) gerichtet ist, auf der
die integrierte Schaltung (70) ausgebildet ist,
und die am ersten Ende mittels des ersten
Durchsteigers (72a, 72b) elektrisch mit der ei-
nen oder mehrAnschlussflachen verbunden ist
und an den zweiten Enden (15, 19) des Lei-
tungspfads freiliegen; und

Umgeben des elektrischen Leitungspfads mit
dem isolierenden Beschichtungsmaterial (56).
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Verfahren nach Anspruch 11, bei dem die Leitungs-
pfade aus einem elektrisch leitfahigen Werkstoff in
einer Dicke ausgebildet werden, die genligt, um
Leckstréme in Folge von UngleichmaRigkeiten des
leitfahigen Materials zu unterdriicken.

Verfahren nach Anspruch 11 oder 12, bei dem das
Ausbilden eines oder mehr elektrischer Leitungspfa-
de den Schritt des Ausbildens des elektrischen Lei-
tungspfade (74; 74’, 74") aus Platin aufweist derart,
dass die elektrischen Leitungspfade biokompatibel
sind.

Verfahren nach Anspruch 13, bei dem das Ausbilden
der elektrischen Leitungspfade aus Platin das Auf-
tragen des Platins durch lonenstrahlbeschichtung
beinhaltet, um eine ausreichende GleichmaRigkeit
zu gewahrleisten.

Verfahren nach Anspruch 13, bei dem das Ausbilden
der elektrischen Leitungspfade aus Platin das Auf-
tragen einer Platinschicht in einer Dicke von minde-
stens 5 Mikron beinhaltet, damit die elektrischen Pla-
tin-Leitungspfade (74; 74’, 74") hermetisch dicht
sind.

Verfahren nach Anspruch 11, beidem das Umgeben
des elektrischen Leitungspfads das Auftragen von
den elektrischen Leitungspfad (74) umgebenden
Aluminiumoxid beinhaltet.

Verfahren nach Anspruch 11, beidem das Ausbilden
eines elektrisch verbundenen zweiten Durchstei-
gers das Ausbilden desselben aus einem biokom-
patiblen Werkstoff beinhaltet.

Verfahren nach Anspruch 11, beidem das Ausbilden
eines elektrisch verbundenen zweiten Durchstei-
gers das Ausbilden desselben aus Platin beinhaltet
derart, dass der zweite Durchsteiger biokompatibel
ist.

Verfahren nach Anspruch 11, beidem das Ausbilden
eines oder mehrerer elektrischer Leitungspfade min-
destens teilweise die folgenden Schritte aufweist:

Ausbilden einer Vielzahl von Metall-Leiterbah-
nen (74’, 74") mit ersten und zweiten Enden,
wobei mindestens eine am weitesten innen lie-
gende Leiterbahn (74’) dem Halbleitersubstrat
(52) am nachsten und eine am weitesten aulen
liegende Leiterbahn (74") vom Halbleiter-Sub-
stratam weitesten entfernt liegt und jeweils zwei
nebeneinander liegende Metall-Leiterbahnen
(74, 74"™) von einem isolierenden Material (56’)
getrennt sind, das zwischen sie eingeschichntet
ist derart, dass zwischen den Metall-Leiterbah-
nen ein hermetisch dichter Abschluss entsteht;
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20.

21.

22,

23.

24,

25,

22

Ausbilden mindestens eines vom isolierenden
Material (56’) umgebenen Durchsteigers zum
Verbinden der nebeneinanderliegenden zwei
Metall-Leiterbahnen;

Ausbilden mindestens eines am weitesteninnen
liegenden Durchsteigers zum Verbinden der in-
nersten Leiterbahn (74’) mit mindestens einer
der Anschlussflachen der integrierten Schal-
tung an den ersten Enden der Leitungspfade;
Auftragen eines isolierenden Materials (56) zum
Einkapseln der Metall-Leiterbahnen (74’, 74"),
der integrierten Schaltung (70) und des Halblei-
ter-Substrats (52); und

mindestens teilweises Freilassen mindestens
eines Teils eines zweiten Endes (19) einer am
weitesten auflen liegenden Metall-Leiterbahn
(74") nach aufien durch das Einkapselungsma-
terial (56) hindurch an den zweiten Enden der
Leitungspfade fir das Herstellen externer Ver-
bindungen von/zu ihnen;

wobei die Kombination aus Metall-Leiterbah-
nen, eingeschichtetem Isolier- und Einkapse-
lungsmaterial sowie den Durchsteigern einen
hermetisch dichten Ubertragungsweg von ei-
nem Ort auBerhalb der implantierbaren Bau-
gruppe zur integrierten Schaltung hin herstellt.

Verfahren nach Anspruch 19 mit dem zuséatzlichen
Schritt eines Abrundens mindestens einer Ecke der
eingekapselten integrierten Schaltung.

Verfahren nach Anspruch 20, bei dem das Abrunden
durch Sandstrahlen erfolgt.

Verfahren nach Anspruch 20, bei dem das Abrunden
durch Saureétzen erfolgt.

Hermetisch dichte Baugruppe nach einem der An-
spriiche 1 bis 10 ohne Deckel oder Abdeckung fir
das gekapselte Substrat.

Verfahren nach einem der Anspriiche 11 bis 22 ohne
Bereitstellung eines Deckels oder einer Abdeckung
fur das gekapselte Substrat.

Verfahren nach einem der Anspriiche 11 bis 22, bei
dem zum Einkapseln des Halbleiter-Substrats und
der integrierten Schaltung das isolierende Beschich-
tungsmaterial durch lonenstrahlbeschichtung auf-
getragen wird.

Revendications

1.

Conditionnement hermétiquement scellé (50 ; 100 ;
102) adapté pour une implantation dans un tissu vi-
vant, ledit conditionnement comprenant :



23 EP 1 408 863 B1 24

un substrat semi-conducteur (52) ayant une plu-
ralité de surfaces et ayant un circuit intégré (70)
formé comme une partie monobloc d’au moins
une desdites surfaces, ledit circuit intégré ayant
un ou plusieurs disques électriquement conduc-
teurs (72 ; 72a, 72b) pour communiquer et/ou
fournir de I'énergie audit circuit intégré ;

un ou plusieurs chemins électriques (74 ; 74’,
74") pour fournir audit ou auxdits disques élec-
triquement conducteurs une connexion électri-
que hermétique, lesdits chemins ayant des pre-
miéres extrémités couplées audit ou auxdits dis-
ques (72 ; 72a, 72b) et des secondes extrémités
(13, 15, 17, 19) exposées pour une connexion
électrique externe a partir dudit conditionne-
ment scellé ; et

un matériau de revétementisolant (56 ; 56’, 56")
revétant et encapsulant ledit circuit intégré et
lesdites surfaces de substrat semi-conducteur
sauf pour des parties sélectionnées desdites se-
condes extrémités (13, 15, 17, 19) desdits che-
mins électriques, ledit conditionnement hermé-
tiguement scellé étant ainsi adapté pour une im-
plantation dans un tissu vivant ;

dans lequel chacun desdits chemins électriques
comprend :

une premiére traversée électriquement conduc-
trice, électriquement couplée a I'un desdits dis-
ques (72a 72b) ;

une trace métallique (74) orientée sensiblement
parallélement a la surface du substrat semi-con-
ducteur (52) sur laquelle le circuit intégré (70)
est formé et électriquement couplée au niveau
de ladite premiéere extrémité par ladite premiere
traversée audit ou auxdits disques et exposée
au niveau de ladite seconde extrémité (15, 19)
du chemin ; et dans lequel

ledit chemin électrique est entouré du matériau
de revétement isolant (56).

Conditionnement hermétiquement scellé selon lare-
vendication 1, dans lequel lesdits chemins sont for-
més a partir d’'un matériau électriquement conduc-
teur ayant une épaisseur suffisante pour empécher
une fuite due a une quelconque non-uniformité du
matériau conducteur.

Conditionnement hermétiquement scellé selon lare-
vendication 1 ou 2, dans lequel lesdits chemins élec-
triques sont constitués de platine, et dans lequel les-
dits chemins électriques comprennent une traversée
hermétique biocompatible.

Conditionnement hermétiquement scellé selon lare-
vendication 3, dans lequel lesdits chemins électri-
ques sont rendus hermétiques en ayant une épais-
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seur d’au moins 5 microns.

Conditionnement hermétiquement scellé selon lare-
vendication 1, dans lequel ledit matériau d’isolation
biocompatible (56) est choisi parmi le groupe com-
prenant 'alumine, le zircone ou un alliage d’alumine
et de zircone.

Conditionnement hermétiquement scellé selon lare-
vendication 1, dans lequel ladite seconde extrémité
(15, 19) de ladite trace métallique est biocompatible.

Conditionnement hermétiquement scellé selon lare-
vendication 6, dans lequel ladite seconde extrémité
(15, 19) de ladite trace métallique est du platine.

Conditionnement hermétiquement scellé selon lare-
vendication 1, dans lequel au moins un desdits che-
mins électriquement conducteurs est constitué de :

une pluralité de traces métalliques (74’, 74")
ayant des premiére et seconde extrémités, com-
prenant au moins une trace la plus a l'intérieur
(74’) la plus proche dudit substrat semi-conduc-
teur (52) et une trace la plus a I'extérieur (74")
la plus éloignée dudit substrat semi-conducteur,
chaque paire adjacente de traces métalliques
étant séparée par un matériau isolant (56’) en-
serré au milieu de maniéere a former un joint her-
meétique entre lesdites traces métalliques ;

au moins une traversée d’interconnexion entou-
rée dudit matériau isolant (56’) pour intercon-
necter lesdites paires adjacentes de traces
métalliques ;

au moins une traversée la plus a I'intérieur pour
interconnecter ladite trace la plus a l'intérieur
(74’) a au moins un desdits disques (72) sur ledit
circuitintégreé (70) aux premiéeres extrémités des
chemins ;

un matériau isolant pour encapsuler ladite plu-
ralité de traces métalliques, ledit circuit intégré
et ledit substrat semi-conducteur, dans lequel la
seconde extrémité (19) d’au moins une trace
métallique la plus al'extérieur (74") estau moins
partiellement exposée a travers le matériau iso-
lant d’encapsulation (56) au niveau de la secon-
de extrémité des chemins pour une communi-
cation externe ; et dans lequel

ladite combinaison de traces métalliques, de
matériau isolant enserré, de matériau d’encap-
sulation et de traversées assure une voie de
communication hermétique jusqu’audit circuit
intégré a partir d'un emplacement extérieur
audit conditionnement implantable.

9. Conditionnement hermétiquement scellé selon lare-

vendication 1, dans lequel ledit circuit intégré (70)
est formé sur une premiére surface du substrat semi-



10.

1.

12.

25

conducteur (52) et lesdits chemins électriques (74 ;
74’, 74") a partir dudit circuit intégré s’étendent vers
I'extérieur de ladite premiére surface.

Conditionnement hermétiquement scellé selon lare-
vendication 9, dans lequel ledit substrat semi-con-
ducteur a une seconde surface sur un c6té opposé
a ladite premiere surface dudit substrat et ladite se-
conde surface dudit substrat estformée sans chemin
électrique ou circuit intégré.

Procédé de formation d’une connexion hermétique
électriquement conductrice a un circuit intégré her-
métiquement scellé, ledit procédé comprenant les
étapes de :

former un circuit intégré (70) sur une surface
d’un substrat semi-conducteur (52), ledit circuit
intégré (70) ayant un ou plusieurs disques élec-
triquement conducteurs (72 ; 72a, 72b) pour
communiquer et/ou fournir de I'énergie audit cir-
cuit intégré ;

former un ou plusieurs chemins électriques (74 ;
74’, 74") pour assurer une connexion électrique
hermétique audit ou auxdits disques électrique-
ment conducteurs (72 ; 72a, 72b), lesdits che-
mins ayant des premieres extrémités couplées
audit ou auxdits disques et des secondes extré-
mités (13, 15, 17, 19) exposées pour une con-
nexion électrique externe a partir dudit circuit
intégreé scellé (70) ; et

revétir et encapsulerledit substrat semi-conduc-
teur et ledit circuit intégré sauf pour des parties
sélectionnées desdites secondes extrémités
desdits chemins électriques a 'aide d’'un mate-
riau de revétement isolant (56 ; 56’, 56"), ledit
circuit hermétiquement scellé étant ainsi adapté
pour une implantation dans un tissu vivant ;

dans lequel I'étape de formation d’'un ou plusieurs
chemins électriques comprend au moins en partie
les étapes de :

former une premiére traversée électriquement
conductrice, électriquement couplée a I'un des-
dits disques (72a, 72b) ;

former une trace métallique (74) orientée sen-
siblement paralléle a la surface du substrat
semi-conducteur (52) sur laquelle le circuit inté-
gré (70) est formé, et électriquement couplée
audit ou auxdits disques au niveau de ladite pre-
miére extrémité par ladite premiére traversée
(72a, 72b) et exposée sur ladite seconde extré-
mité (15, 19) dudit chemin ; et

entourer ledit chemin électrique du matériau de
revétement isolant (56).

Procédé selon la revendication 11, dans lequel les-
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13.

14.

15.

16.

17.

18.

19.

26

dits chemins sont formés a partir d’'un matériau élec-
triquement conducteur ayant une épaisseur suffi-
sante pour empécher une fuite due a une quelcon-
qgue non-uniformité du matériau conducteur.

Procédé selon larevendication 11 ou 12, dans lequel
I'étape de formation d’un ou plusieurs chemins élec-
triques comprend I'étape de former lesdits chemins
électriques (74 ; 74’, 74") a partir de platine de sorte
que lesdits chemins électriques sont biocompati-
bles.

Procédé selon la revendication 13, dans lequel I'éta-
pe de formation desdits chemins électriques a partir
de platine comprend de déposer ledit platine en uti-
lisant un dépdt par faisceau ionique pour assurer
une uniformité suffisante.

Procédé selon la revendication 13, dans lequel I'éta-
pe de formation desdits chemins électriques a partir
de platine comprend de déposer une couche de pla-
tine d’au moins 5 microns pour amener lesdits che-
mins électriques de platine (74 ; 74’, 74") a étre her-
métiques.

Procédé selon la revendication 11, dans lequel I'éta-
pe consistant a entourerledit chemin électrique com-
prend de déposer de I'alumine pour entourer ledit
chemin électrique (74).

Procédé selon la revendication 11, dans lequel I'éta-
pe de formation d’'une seconde traversée électrique-
ment couplée comprend former ladite seconde tra-
versée a partir d'un matériau biocompatible.

Procédé selon la revendication 11, dans lequel I'éta-
pe de formation d’'une seconde traversée électrique-
ment couplée comprend former ladite seconde tra-
versée a partir de platine de sorte que ladite seconde
traversée est biocompatible.

Procédé selon la revendication 11, dans lequel I'éta-
pe de formation d’'un ou plusieurs chemins électri-
ques comprend au moins en partie les étapes de :

former une pluralité de traces métalliques (74,
74") ayant des premiére et seconde extrémites,
comprenant au moins une trace la plus a l'inté-
rieur (74’) la plus proche dudit substrat semi-
conducteur (52) et une trace la plus a I'extérieur
(74") la plus éloignée dudit substrat semi-con-
ducteur, chaque paire adjacente de traces mé-
talliques (74’, 74") étant séparée par un maté-
riau isolant (56°) enserré au milieu de maniere
a former un joint hermétique entre lesdites tra-
ces métalliques ;

former au moins une traversée d’interconnexion
entourée dudit matériau isolant (56’) pour inter-
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connecter lesdites paires adjacentes de traces
métalliques ;

former au moins une traversée la plus a l'inté-
rieur pour interconnecter ladite trace la plus a
lintérieur (74’) a au moins un desdits disques
sur ledit circuit intégré aux premiéres extrémités
des chemins ;

déposer un matériau isolant (56) pour encapsu-
ler ladite pluralité de traces métalliques (74,
74"), ledit circuit intégré (70) et ledit substrat
semi-conducteur (52) ;

permettre a au moins une partie de ladite se-
conde extrémité (19) d’'une trace métallique la
plus a I'extérieur (74") d’étre partiellement ex-
posée extérieurement a travers le matériau iso-
lant d’encapsulation (56) au niveau des secon-
des extrémités des chemins pour une commu-
nication externe ; et dans lequel

ladite combinaison de traces métalliques, de
matériau isolant enserré, de matériau d’encap-
sulation et de traversées assure une voie de
communication hermétique avec ledit circuit in-
tégré a partir d'un emplacement extérieur audit
conditionnement implantable.

Procédé selon la revendication 19 comprenant de
plus I'étape d’arrondir au moins un coin dudit circuit
intégré encapsulé.

Procédé selon la revendication 20 dans lequel ladite
étape d’arrondi comprend un décapage au sable.

Procédé selon la revendication 20 dans lequel I'éta-
pe d’arrondi comprend une gravure a 'acide.

Conditionnement hermétiquement scellé selon 'une
quelconque des revendications 1 a 10, sans couver-
cle ou capot pour le substrat encapsulé.

Procédé selon I'une quelconque des revendications
11a 22, sans fourniture d’'un couvercle ou d’'un capot
pour le substrat encapsulé.

Procédé selon I'une quelconque des revendications
11 a 22, dans lequel I'étape d’encapsulation dudit
substrat semi-conducteur et dudit circuit intégré
comprend la réalisation d’un dépét par faisceau io-
nique du matériau de revétement isolant.
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