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Description
Field Of The Invention:

[0001] The present invention relates generally to sen-
sors for determining a condition of a patient, and more
specifically to techniques for mating sensors of this type
with electrical circuitry.

BACKGROUND

[0002] Itis generally known to use one or more sensors
to monitor a condition of a patient. It is desirable to mount
electrical circuitry to such sensors to control sensor op-
eration and/or perform other functions. US-B1-6560471
discloses an electrochemical sensor with at least one
working electrode formed on a substrate. Furthermore a
transmitter is disposed upon a flexible substrate with a
conductive trace disposed upon it, a portion of which is
chemically enabled to form the electrochemical sensor.

SUMMARY

[0003] A sensor according to the present invention is
defined in independent claim 1. Preferred embodiments
thereof are defined in the dependent claims.

[0004] The present invention may comprise one or
more of the features recited in the attached dependent
claims. According to the invention a sensor comprises a
first substrate having a sensing portion configured to be
percutaneously inserted into a patient and an extracor-
poreal circuit mounting portion, the sensing portion de-
fining a sensor thereon and the circuit mounting portion
having at least one electrically conductive pad defined
thereon that is electrically connected to the sensor, the
sensor configured to produce a signal indicative of a con-
dition of the patient, a second substrate mounted to the
first substrate and defining thereon a first number of elec-
trically conductive pads, at least one of the first number
of electrically conductive pads being aligned with the at
least one electrically conductive pad defined on the first
substrate and at least another of the first number of elec-
trically conductive pads defined on the second substrate
(80, 110) being electrically connected to the at least one
of the first number of electrically conductive pads defined
on the second substrate, means for establishing electri-
cal contact between the at least one electrically conduc-
tive pad defined on the first substrate and the at least
one of the first number of electrically conductive pads
defined on the second substrate, a third substrate mount-
ed to the second substrate and defining thereon the at
least one electrical terminal, a first number of electrical
components mounted to the third substrate and a second
number of electrical components mounted to the second
substrate, the second number of electrical components
and the first number of electrical components together
forming a sensor control circuit, the sensor control circuit
being electrically connected to the at least one electrical
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terminal defined on the third substrate, and means for
establishing electrical contact between the at least an-
other of the first number of electrically conductive pads
defined on the second substrate and the at least one
electrical terminal defined on the third substrate , the sen-
sor being thereby electrically connected to the sensor
control circuit, wherein that the second substrate is flex-
ible and the third substrate is rigid.

[0005] The sensor comprises first, second and third
substrates. The first substrate has a sensing portion con-
figured to be percutaneously inserted into a patient and
an extracorporeal circuit mounting portion. The sensing
portion may define a sensor thereon. The sensor is con-
figured to produce a signal indicative of a condition of the
patient. The circuitmounting portion has atleastone elec-
trically conductive pad defined thereon that is electrically
connected to the sensor. The second substrate is mount-
ed to the first substrate and defines thereon a first number
of electrically conductive pads. At least one of the first
number of electrically conductive pads is aligned with the
at least one electrically conductive pad defined on the
first substrate and at least another of the first number of
electrically conductive pads defined on the second sub-
strate is electrically connected to the at least one of the
first number of electrically conductive pads defined on
the second substrate. Means are provided for establish-
ing electrical contact between the at least one electrically
conductive pad defined on the first substrate and the at
least one of the first number of electrically conductive
pads defined on the second substrate. The third sub-
strate is mounted to the second substrate and may define
thereon the at least one electrical terminal. A first number
of electrical components is mounted to the third substrate
and a second number of electrical components is mount-
ed to the second substrate. The second number of elec-
trical components and the first number of electrical com-
ponents together form the sensor control circuit. The sen-
sor control circuit is electrically connected to the at least
one electrical terminal defined on the third substrate.
Means are provided for establishing electrical contact be-
tween the at least another of the first number of electri-
cally conductive pads defined on the second substrate
and the at least one electrical terminal defined on the
third substrate to thereby electrically connect the sensor
to the sensor control circuit.

[0006] The sensor control circuit may include a telem-
etry circuit configured to transmit or receive communica-
tion signals to or from a first remote electronic device.
Alternatively or additionally, the sensor control circuit
may include a notification circuit configured to produce
any of a visual, audible and tactile indication of a prede-
fined event. In such embodiments, the sensor control cir-
cuit may be configured to determine the predefined event
from the signal produced by the sensor. Alternatively or
additionally, the sensor control circuit may include an ac-
knowledgement circuit responsive to user activation
thereof to acknowledge production of the visual, audible
or tactile indication of the predefined event.
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[0007] In embodiments wherein the sensor control cir-
cuitincludes atelemetry circuit, the first remote electronic
device may include a first telemetry circuit configured to
transmit or receive communication signals to or from the
telemetry system of the sensor control circuit. The telem-
etry circuit of the sensor control circuit may be configured
to transmit a signal indicative of the predefined event to
the first telemetry circuit of the remote electronic device.
A second remote electronic device may be further includ-
ed, as well as a means for establishing communications
between the first and second remote electronic devices.
For example, the first remote electronic device may in-
clude a second telemetry circuit configured to transmit
or receive wireless communication signals to or from a
second remote electronic device.

[0008] The first substrate may be a flexible substrate
or a rigid substrate. The second substrate is a flexible
substrate orin other examples a rigid substrate. The third
substrate is a rigid substrate or in other examples a flex-
ible substrate.

[0009] Thefirstsubstrate may define a second number
of electrically conductive pads on the circuit mounting
portion thereof. At least some of the first number of elec-
trically conductive pads defined on the second substrate
may align with corresponding ones of the second number
of electrically conductive pads defined on the circuit
mounting portion of the first substrate when the second
substrate is mounted to the first substrate. The third sub-
strate may define a third number of electrical terminals
thereon. At least others of the first number of electrically
conductive pads defined on the second substrate may
align with corresponding ones of the third number of elec-
trical terminals defined on the third substrate. Alterna-
tively or additionally, means may be provided for electri-
cally connecting at least others of the first number of elec-
trically conductive pads defined on the second substrate
to corresponding ones of the third number of electrical
terminals defined on the third substrate.

[0010] Meansmay be provided for electrically connect-
ing the second number of electrical components to the
first number of electrical components. The second
number of electrical components may include a sensor
operating circuit configured to operate the sensor. Alter-
natively or additionally, the second number of electrical
components may include a telemetry circuit configured
to transmit or receive communication signals to or from
a remote electronic device. Alternatively or additionally,
the second number of electrical components may include
a notification circuit configured to produce any of a visual,
audible and tactile indication of a predefined event. Al-
ternatively or additionally, the second number of electri-
cal components may include an acknowledgement circuit
responsive to user activation thereof to acknowledge pro-
duction of the visual, audible or tactile indication of the
predefined event. In one example embodiment, the sec-
ond number of electrical components may include a sen-
sor operating circuit configured to operate the sensor,
and the first number of electrical components may in-
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clude a telemetry circuit configured to transmit or receive
communication signals to or from a remote electronic de-
vice. In this embodiment, the second number of electrical
components may include a notification circuit configured
to produce any of a visual, audible and tactile indication
of a predefined event. In this embodiment, the second
number of electrical components may alternatively or ad-
ditionally include an acknowledgement circuit responsive
to user activation thereof to acknowledge production of
the visual, audible or tactile indication of the predefined
event.

[0011] Additionally described herein is a sensor that
may comprise a first substrate, an anisotropic medium
and an electrical circuit. The first substrate may have a
sensing portion configured to be percutaneously inserted
into a patient and an extracorporeal circuit mounting por-
tion. The sensing portion may define a sensor thereon.
The sensor may be configured to produce a signal indic-
ative of a condition of the patient. The circuit mounting
portion may have at least one electrically conductive pad
formed thereon that is electrically connected to the sen-
sor. The anisotropic medium may be disposed on the
circuit mounting portion of the first substrate. The medium
may be configured to be electrically conductive in a di-
rection through the medium and electrically insulating in
directions along the medium. The electrical circuit may
have at least one electrically conductive terminal. The
circuit may be mechanically mounted to the circuit mount-
ing portion of the first substrate via the anisotropic me-
dium with the at least one electrically conductive terminal
juxtaposed over the at least one electrically conductive
pad. The anisotropic medium may establish local elec-
trical contact between the at least one electrically con-
ductive terminal and the at least one electrically conduc-
tive pad. The first substrate may be a flexible substrate
or a rigid substrate.

[0012] The anisotropic medium may be an anisotropic
tape configured to mechanically bond the electrical circuit
to the circuit mounting portion of the first substrate. The
anisotropic tape may be electrically insulating along a
plane of the tape and electrically conductive through the
tape in a direction generally perpendicular to the plane
of the tape. The anisotropic medium may alternatively or
additionally be an anisotropic elastomer configured to
mechanically bond the circuit to the circuit mounting por-
tion of the first substrate. The anisotropic elastomer may
be electrically insulating along a plane generally parallel
to opposing surfaces of the electrical circuit and the circuit
mounting portion of the first substrate, and electrically
conductive through the elastomer in a direction generally
perpendicular to the plane.

[0013] The first substrate may define a first number of
electrically conductive pads on the circuit mounting por-
tion thereof, and the electrical circuit may have a second
number of electrical terminals. At least some of the sec-
ond number of electrical terminals may align with at least
some of the number of electrically conductive pads when
the electrical circuit is mounted to the circuit mounting
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portion of the first substrate.

[0014] The electrical circuit may comprise a second
substrate defining the atleast one electrical terminal. The
second substrate is a flexible substrate or in other exam-
ples arigid substrate. A number of electrical components
may be mounted to the second substrate and electrically
interconnected to form a sensor control circuit. The sen-
sor control circuit may be electrically connected to the at
least one electrical terminal. The sensor control circuit
may include a sensor operating circuit configured to op-
erate the sensor. The sensor control circuit may addition-
ally include a telemetry circuit configured to transmit or
receive communication signals to or from a first remote
electronic device. The sensor control circuit may alter-
natively or additionally include a notification circuit con-
figured to produce any of a visual, audible and tactile
indication of a predefined event. The sensor control cir-
cuit may be configured to determine the predefined event
from the signal produced by the sensor. In such exam-
ples, the first remote electronic device may include a first
telemetry circuit configured to transmit or receive wire-
less communication signals to or from the telemetry sys-
tem of the sensor control circuit. The telemetry circuit of
the sensor control circuit may be configured to transmit
a wireless signal indicative of the predefined event to the
first telemetry circuit of the first remote electronic device.
The sensor control circuitmay alternatively or additionally
include an acknowledgement circuit responsive to user
activation thereof to acknowledge production of the vis-
ual, audible or tactile indication of the predefined event.
A second remote electronic device may be further includ-
ed, as well as a means for establishing communications
between the first and second remote electronic devices.
For example, the first remote electronic device may in-
clude a second telemetry circuit configured to transmit
or receive wireless communication signals to or from a
second remote electronic device.

[0015] The electrical circuit may define an outer pe-
riphery that is contained within an outer periphery of the
circuit mounting portion of the first substrate when the
electrical circuit is mounted thereto.

[0016] Additionally described herein is a sensor that
may comprise first, second and third substrates. The first
substrate may have a sensing portion configured to be
percutaneously inserted into a patient and an extracor-
poreal circuit mounting portion. The sensing portion may
define a sensor thereon. The sensor may be configured
to produce a signal indicative of a condition of the patient.
The circuit mounting portion may have at least one elec-
trically conductive pad defined thereon that is electrically
connected to the sensor. The second substrate may be
mounted to the first substrate and may define there-
through at least one passageway that is aligned with the
at least one electrically conductive pad defined on the
first substrate. The third substrate may be mounted to
the second substrate and may define thereon at least
one electrical terminal. The atleast one electrical terminal
may align with at least one passageway defined on the
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second substrate and with the at least one electrically
conductive pad defined on the first substrate. A first
number of electrical components may be mounted to the
third substrate and may be electrically interconnected to
form a sensor control circuit. The sensor control circuit
may be electrically connected to the atleast one electrical
terminal defined on the third substrate. Means may be
provided for establishing electrical contact through the
at least one passageway between the at least one elec-
trically conductive pad defined on the first substrate and
the at least one electrical terminal defined on the third
substrate, to thereby electrically connect the sensor to
the sensor control circuit.

[0017] The sensor control circuit may include a telem-
etry circuit configured to transmit or receive communica-
tion signals to or from a first remote electronic device.
Alternatively or additionally, the sensor control circuit
may include a notification circuit configured to produce
any of a visual, audible and tactile indication of a prede-
fined event. In such embodiments, the sensor control cir-
cuit may be configured to determine the predefined event
from the signal produced by the sensor. Alternatively or
additionally, the sensor control circuit may include an ac-
knowledgement circuit responsive to user activation
thereof to acknowledge production of the visual, audible
or tactile indication of the predefined event.

[0018] In examples wherein the sensor control circuit
includes a telemetry circuit, the first remote electronic
device may include a first telemetry circuit configured to
transmit or receive communication signals to or from the
telemetry system of the sensor control circuit. The telem-
etry circuit of the sensor control circuit may be configured
to transmit a signal indicative of the predefined event to
the first telemetry circuit of the first remote electronic de-
vice. A second remote electronic device may be further
included, as well as a means for establishing communi-
cations between the first and second remote electronic
devices. For example, the first remote electronic device
may include a second telemetry circuit configured to
transmit or receive wireless communication signals to or
from a second remote electronic device.

[0019] The first substrate may define a first number of
electrically conductive pads on the circuit mounting por-
tion thereof. The third substrate may define a second
number of electrical terminals thereon. The second sub-
strate may define a corresponding second number of
passageways therethrough. At least some of the second
number of electrical terminals may align with at least
some of the first number of electrically conductive pads
through corresponding ones of the second number of
passageways defined through the second substrate
when the second substrate is mounted to the first sub-
strate and the third substrate is mounted to the second
substrate.

[0020] The first substrate may be a flexible substrate
or arigid substrate. The second substrate may be a flex-
ible substrate or a rigid substrate. The third substrate
may be a flexible substrate or a rigid substrate.
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[0021] A second number of electrical components may
be mounted to the second substrate. The second number
of electrical components and the first number of electrical
components may together form the sensor control circuit.
Means may be provided for electrically connecting the
second number of electrical components to the first
number of electrical components. The second number
of electrical components may include a sensor operating
circuit configured to operate the sensor. Alternatively or
additionally, the second number of electrical components
may include a telemetry circuit configured to transmit or
receive communication signals to or from a remote elec-
tronic device. Alternatively or additionally, the second
number of electrical components may include a notifica-
tion circuit configured to produce any of a visual, audible
and tactile indication of a predefined event. Alternatively
or additionally, the second number of electrical compo-
nents may include an acknowledgement circuit respon-
sive to user activation thereof to acknowledge production
ofthe visual, audible or tactile indication of the predefined
event. In one example embodiment, the second number
of electrical components may include a sensor operating
circuit configured to operate the sensor, and the first
number of electrical components may include a telemetry
circuit configured to transmit or receive communication
signals to or from a remote electronic device. In this em-
bodiment, the second number of electrical components
may include a notification circuit configured to produce
any of a visual, audible and tactile indication of a prede-
fined event. In this embodiment, the second number of
electrical components may alternatively or additionally
include an acknowledgement circuit responsive to user
activation thereof to acknowledge production of the vis-
ual, audible or tactile indication of the predefined event.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1A is an assembly view of one exemplary em-
bodiment of a sensor module including a sensor and
an electrical circuit mountable thereto.

FIG. 1B is a cross-sectional view of the sensing por-
tion of the exemplary module of FIG. 1A taken along
section lines 1B-1B.

FIG. 2is an assembled view of the exemplary sensor
module of FIGS. 1A and 1B.

FIG. 3 is a cross-sectional view of the exemplary
sensor module of FIG. 2 taken along section lines
3-3.

FIG. 4 isablock diagramillustrating one embodiment
of the electrical circuit illustrated generally in FIGS.
1A, 2 and 3.

FIG. 5 is an assembly view of an embodiment of a
sensor module including a sensor and an electrical
circuit mountable thereto.

FIG. 6 is an assembled view of the sensor module
of FIG. 5.
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FIG. 7 is a cross-sectional view of the sensor module
of FIG. 6 taken along section lines 7-7.

FIG.8is a block diagramiillustrating one embodiment
of the electrical circuit illustrated generally in FIGS.
5 and 6.

FIG. 9 is an assembly view of yet another embodi-
ment of a sensor module including a sensor and an
electrical circuit mountable thereto.

FIG. 10 is an assembled view of the sensor module
of FIG. 9.

FIG. 11A is a cross-sectional view of one embodi-
ment of the sensor module of FIG. 10 taken along
section lines 11A,B-11A,B.

FIG. 11B is a cross-sectional view of another em-
bodiment of the sensor module of FIG. 10 taken
along section lines 11A,B-11A,B.

FIG. 12 is a block diagram illustrating one embodi-
ment of the electrical circuit illustrated generally in
FIGS. 9, 10, 11A and 11B.

FIG. 13 is a block diagram illustrating another em-
bodiment of the electrical circuit illustrated generally
in FIGS. 9, 10, 11A and 11B.

FIG. 14 is a block diagram illustrating yet another
embodiment of the electrical circuit illustrated gen-
erally in FIGS. 9, 10, 11A and 11B.

DESCRIPTION OF THE ILLUSTRATIVE EMBODI-
MENTS

[0023] For the purposes of promoting an understand-
ing of the principles of the invention, reference will now
be made to a number of illustrative embodiments shown
in the attached drawings and specific language will be
used to describe the same.

[0024] Referring now to FIGS. 1A, 1B and 2, one illus-
trative exemplary embodiment of a sensor module 10 not
covered by the invention is shown that includes a sensor-
carrying substrate 12 having an electrical circuit 32
mountable thereto. In the illustrated embodiment, the
substrate 12 includes a sensing portion 14 thatis config-
ured for percutaneous insertion into a patient (e.g., into
tissue, vein or artery) and an extracorporeal circuit
mounting portion 16.

[0025] The sensing portion 14 of the substrate 12 in-
cludes a sensor in the form of at least one working elec-
trode 18A and atleast one auxiliary electrode 18B formed
thereon adjacent to an insertion tip 15 of the sensing
portion 14. The auxiliary electrode 18B may be, depend-
ing upon the application, part of the working electrode
18A, another working electrode separate from the work-
ing electrode 18A, a counter electrode or a reference
electrode. It will be understood that the sensor 18A,B
may alternatively include additional or fewer electrodes
formed on any side of the sensing portion 14 of the sub-
strate 12, and that any such sensor electrodes may be
located anywhere along the sensing portion 14. Alterna-
tively still, the auxiliary electrode 18B and/or one or more
additional electrodes associated with the sensor 18A,B
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may be formed on a different structure that is implanted
within, inserted into or otherwise in contact with the pa-
tient.

[0026] The sensor electrodes 18A and 18B are formed
using electrically conductive traces 20A and 20B respec-
tively that are disposed on the substrate 12 in a conven-
tional manner. A sensing layer may be formed on, over
or near either electrode 18A or 18B, or on, over or near
both electrodes 18A and 18B, and in the illustrated em-
bodiment a sensing layer 24A is formed over the elec-
trode 18A. The sensing end 15 of the sensing portion 14
may be configured, as illustrated in FIGS. 1A and 2, to
facilitate percutaneous insertion of the sensing portion
14 into a patient.

[0027] Intheillustrated embodiment, the working elec-
trode 18A is covered near the insertion end 15 of the
sensing portion 14 of the substrate 12 with a sensing
layer 24A. The sensing layer 24A may be formed using
conventional materials that facilitate the electrochemical
detection of an analyte or other condition of the patient’'s
body when the analyte or other condition cannot be oth-
erwise electrolyzed at a specified rate and/or with a spec-
ified accuracy using only the underlying working elec-
trode 18A. lllustratively, the sensing layer 24A may in-
clude a conventional electron transfer agent that trans-
fers electrons directly or indirectly between an analyte
and the working electrode 18A. The sensing layer 24A
may also contain a conventional catalyst to catalyze a
reaction of the analyte. In other embodiments, the work-
ing electrode 18A may have a sensing layer 24A that
does not contain either an electron transfer agent.
[0028] Intheillustrated embodiment, the sensing layer
24A is disposed directly on the electrically conductive
portion 20A of the working electrode 18A. In other em-
bodiments, the sensing layer 24A may be spaced apart
from the electrically conductive portion 20A of the work-
ing electrode 18A by one or more conventional separa-
tion layers (not shown). Such separation layers typically
include one or more membranes or films, and in addition
to separating the electrically conductive portion 20A of
the working electrode 18A from the sensing layer 24A,
the one or more separation layers may also act as a con-
ventional mass transport limiting layer or a conventional
interferent eliminating layer. In other embodiments, the
sensing layer 24A may comprise two or more conven-
tional sensing layers (not shown). The sensing layer or
layers 24A may additionally include other operationally
enhancing materials and/or layers including, but not lim-
ited to, a biocompatible layer, and/or other optional layers
and/or components. In still other embodiments, the work-
ing electrode 18A may not include a sensing layer 24A.
[0029] The auxiliary electrode 18B may be formed us-
ing a suitably conductive material, and example of which
may be, but should not be limited to, silver/silver chloride.
Alternatively, the electrode 18B may be coated with or
bound to a suitable material, at or near the insertion end
15 of the sensing portion 14 that enhances operation of
the electrode 18B another working electrode, counter

10

15

20

25

30

35

40

45

50

55

electrode or reference electrode. It is desirable for the
surface of the electrode 18B to be non-corroding to fa-
cilitate accurate sensor operation.

[0030] The substrate 12 may be formed using any one
or combination of conventional, electrically non-conduct-
ing materials that are by themselves, or that may be fur-
ther processed to be, suitable for in-vivo use. In one em-
bodiment, the substrate 12 is flexible, and in one specific
embodiment the substrate 12 is made of Melinex® pol-
yester film (e.g., polyethylene terephthalate). Other suit-
able materials for a flexible substrate 12 include, for ex-
ample, but are not limited to, electrically insulating plastic
or polymeric materials such as polycarbonates, other pol-
yesters such as Mylar®, polyvinyl chloride, poly-
urethanes, polyethers, polyimides, or copolymers of ther-
moplastics, such as glycol-modified polyethylene tereph-
thalate, and/or other electrically non-conducting, flexible,
deformable materials. In other embodiments, the sub-
strate 12 is rigid, and may be made using conventional
electrically non-conducting materials. Examples of such
rigid, electrically non-conducting materials include, but
are not limited to, ceramics, such as aluminum oxide and
silicon dioxide, and the like. Combinations of flexible and
non-flexible materials are also contemplated.

[0031] The substrate 12 is sized so that at least a por-
tion of the tip 15 of the sensing portion 14 can be percu-
taneously inserted into a patient, such that the one or
more sensor electrodes, e.g., 18A and/or 18B, are suit-
ably positioned to monitor a condition, e.g., an analyte
such as blood glucose, temperature, blood pressure, or
the like, of the patient, and while the circuit mounting
portion 16 remains extracorporeal. The circuit mounting
portion 16 is sized to accommodate the mounting of an
electrical circuit 32 thereto as will be described in greater
detail hereinafter. The circuit mounting portion 16 is also
sized to accommodate placement thereon of a number
of electrically conductive pads that are each electrically
connected to a corresponding one of the sensor elec-
trodes. In the illustrated embodiment, for example,
wherein two such sensor electrodes 18A and 18B are
shown, two corresponding electrically conductive pads
22A and 22B are formed on the circuit mounting portion
16 of the substrate 12. The electrically conductive pad
22Ais electrically connected to the sensor electrode 18A
via an electrically conductive trace 20A formed on the
sensing and circuit mounting portions 14 and 16 respec-
tively, and the electrically conductive pad 20B is electri-
cally connected to the sensor electrode 18B via another
electrically conductive trace 20B formed on the sensing
and circuit mounting portions 14 and 16 respectively. It
will be understood, however, that the substrate 12 may
include more or fewer sensor electrode, electrically con-
ductive pad and interconnecting trace combinations.
[0032] The electrically conductivetraces, e.g.,20Aand
20B, and the electrically conductive pads, e.g., 22A and
22B, may be formed on the substrate 12 by any of a
variety of conventional techniques. Examples of conven-
tional techniques for forming such electrically conductive
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traces and electrically conductive pads include, but are
not limited to, laser ablation, photolithography, screen
printing, wet or dry etching of deposited conductive ma-
terial, or other conventional techniques. Examples of
electrically conductive materials used to form the electri-
cally conductive traces and pads include, but are not lim-
ited to, carbon, e.g., graphite, conductive polymers, met-
als or alloys, metallic compounds, or the like. The forma-
tion of films of carbon, conductive polymer, metal, alloy,
or metallic compound are well-known and include, for
example, but are not limited to, chemical vapor deposition
(CVD), physical vapor deposition, sputtering, reactive
sputtering, printing, coating, and painting. It will be un-
derstood that the electrically conductive pads, e.g., 22A
and 22B, may, but need not, be formed of the same ma-
terial used to form the electrically conductive traces, e.g.,
20A and 20B.

[0033] The electrical circuit 32 defines one or more
electrical terminals that align with one or more corre-
sponding electrically conductive pads formed on the cir-
cuit mounting portion 16 of the substrate 12 when the
electrical circuit 32 is juxtaposed over the circuitmounting
portion 16. The one or more electrical terminals are elec-
trically connected to sensor control circuitry carried by,
formed on, or otherwise defined by the electrical circuit
32. The one or more electrical terminals may be variously
shaped and/or sized, and in one embodiment are provid-
ed in the form of one or more electrically conductive pads.
In the illustrated embodiment, for example, the electrical
circuit 32 defines two such electrically conductive pads
34A and 34B which align with the electrically conductive
pads 22A and 22B respectively on the circuit mounting
portion 16 of the substrate 12 when the electrical circuit
32 is juxtaposed over the circuit mounting portion 16 as
shown in FIGS. 2 and 3. It will be understood that the
number of electrically conductive pads formed on the cir-
cuit mounting portion 16 of the substrate 12 may be equal
to, less than or greater than the number of electrical ter-
minals defined by the electrical circuit 32. In any of these
cases, however, at least one of the electrical terminals
defined by the electrical circuit 32 aligns with at least one
of the electrically conductive pads formed on the circuit
mounting portion 16 of the substrate 12 when the elec-
trical circuit 32 is juxtaposed over the circuit mounting
portion 16 so that electrical connected may be estab-
lished therebetween. Atleast some of the number of elec-
trically conductive pads defined on the circuit mounting
portion 16 of the substrate 12 may be arranged to form
a pattern, e.g., a bit pattern, that contains identification
information and/or other information relating to the sen-
sor 18A,B, substrate 12 or combination thereof. Such a
bit pattern is then detectable by the electrical circuit 32
when electrical connection is established between the
electrically conductive pads that define the bit pattern
and corresponding ones of the electrical terminals de-
fined by the electrical circuit 32. In this embodiment, the
electrical circuit 32 may thus determine information re-
lating to the sensor 18A,B, the substrate 12 and or the
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combination thereof based only on the pattern of electri-
cal connections therebetween. The electrical circuitry 32
may be configured to activate on-board notification cir-
cuitry and/or to wirelessly transmit signals to a remote
electronic device, that are indicative of the information
contained in the bit pattern and/or that are the result of
further processing of this information.

[0034] An anisotropic medium 30 is disposed between
the electrical circuit 32 and the circuit mounting portion
16 of the substrate 12. The anisotropic medium 30 has
adhesive properties which serve to mechanically attach
or mount the electrical circuit 32 to the circuit mounting
portion 16 of the substrate 12. The anisotropic medium
32 is also electrically conductive in a direction through
the medium but is electrically insulating in a direction
along or across the medium. By suitably positioning the
one or more electrically conductive pads, e.g., pads 22A
and 22B on the circuit mounting portion 16 of the sub-
strate 12 and/or by suitably positioning the one or more
electrical terminals on the electrical circuit 32 so that one
or more of the electrical terminals align with one or more
of the electrically conductive pads when the circuit 32 is
juxtaposed over the circuit mounting portion 16 of the
substrate 12, local electrical contact is established ther-
ebetween when the components 16, 30 and 32 are as-
sembled as illustrated in FIGS. 2 and 3.

[0035] Inone embodiment, the anisotropic medium 30
may be provided in the form of a conventional anisotropic
electrically conductive adhesive tape. The tape in this
embodiment is a flexible adhesive matrix filled with elec-
trically conductive particles that provide electrical con-
nectivity in a direction through the plane of the tape, but
which are spaced sufficiently far apart so that the tape is
electrically insulating in directions along the plane of the
tape. The anisotropic adhesive tape 30 is disposed be-
tween the circuit mounting portion 16 of the substrate 12
and the electrical circuit 32, as shown in FIGS. 2 and 3.
When the electrical circuit 32 is pressed into the tape 30
with the electrical terminals 34A and 34B aligned with
the electrically conductive pads 22A and 22B, local elec-
trical contact is established through the tape 30, in a di-
rection that is generally perpendicular to the plane of the
tape 30, between the electrical terminals 34A, 34B and
corresponding electrically conductive pads 22A, 22B. Al-
ternatively, the anisotropic medium 30 may be provided
in the form of an anisotropic electrically conductive elas-
tomer, such as an adhesive film, having the same prop-
erties just described with respect to the anisotropic elec-
trically conductive adhesive tape. In this embodiment,
the elastomer 30 defines a plane generally parallel to
opposing surfaces of the electrical circuit 32 and the cir-
cuit mounting portion 16 of the substrate 12, and the elas-
tomer 30 is electrically insulating in directions along or
parallel to the plane and electrically conductive in a di-
rection generally perpendicular to the plane.

[0036] One example of the anisotropic electrically con-
ductive medium 30 may be or include one or more ani-
sotropic conductive film adhesives that are commercially
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available from 3M™ Electronics of St. Paul, MN. Exam-
ples include, but are not limited to, 3M™ products 7303,
7313, 8794, 5460R, 5552R, 7373 and 9703. Some such
products, e.g., 9703, are available in the form of aniso-
tropic, electrically-conductive adhesive transfer tape,
which is a pressure sensitive tape that does not require
thermal bonding. Generally, 9703 is a flexible tape that
is randomly loaded with electrically conductive particles.
When force is applied to the tape along its Z-axis, the
conductive particles contact one another in the area of
the force. In the bonding of electrical circuitry, the result
is that the tape becomes electrically conductive along
the Z-axis at the bonding areas, but is electrically insu-
lating along the plane of the tape. The remaining products
described above are available in the form of anisotropic
(electrically) conductive film (ACF) adhesives, where are
heat-bondable, Z-axis conductive films containing ther-
moplastic and thermoset adhesives randomly loaded
with electrically conductive particles. Electrical contact is
made in the same manner described with respect to the
anisotropic, electrically-conductive adhesive transfer
tape, and the product is cured to form a permanent bond
by applying heat during the bonding process.

[0037] Inone experimental setup, one ofthe AM™ ACF
adhesives was used to bond FR4 circuit boards 32 of
thickness 1.6 mm to Melinex® substrates 12 forming part
of asensoras shownin FIGS. 1 and 2. In this experiment,
circuit boards 32 were successfully bonded to substrates
12, with electrical contact established between the con-
tacts 22A/34A and 22B/34B, by forcing a flat surface of
a brass block, heated to 135 °C, perpendicularly onto the
Melinex® film 12 using a linear guide supported on ball
bearings. A spring, k= 2kg/mm, was used to apply a force
of 11.7 kg to the brass block. The spring travel was set
to 5.6 mm, and the brass block was forced against the
substrate 12 for approximately 50 seconds, after which
the substrate 12 was slightly displaced, and the brass
block was again forced against the substrate 12 for an-
other 20-30 seconds. It will be understood that the results
of this experiment are provided only for illustrative pur-
poses, and should not be considered to be limiting in any
way.

[0038] In any case, a substantial portion of the circuit
mounting portion 16 of the substrate 12 and the electrical
circuit 32 are covered by the anisotropic medium 30,
thereby resulting in a strong mechanical attachment of
the electrical circuit 32 to the substrate 12. In the illus-
trated embodiment, for example, the electrical circuit 32
defines an outer periphery that is contained within an
outer periphery of the circuit mounting portion 16 of the
substrate 12 when the electrical circuit 32 is mounted
thereto. In this embodiment, one entire surface of the
electrical circuit 32 is thus covered by the anisotropic
medium. The present disclosure contemplates other em-
bodiments wherein the outer periphery of the electrical
circuit 32 extends to or beyond at least a portion of the
outer periphery of the circuit mounting portion 16 of the
substrate 12.
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[0039] Referring now to FIG. 4, a block diagram of one
illustrative embodiment of the electrical circuit 32 is
shown. Intheillustrated embodiment, the electrical circuit
32 is a sensor control circuit that includes a sensor op-
erating circuit 40 having a conventional memory unit 42.
The sensor operating circuit 40 includes a number of in-
puts that are each electrically connected to a correspond-
ing one of the number of electrically conductive terminals
defined by the electrical circuit 32. In the illustrated em-
bodiment, for example, the sensor operating circuit in-
cludes two such inputs. A first input is electrically con-
nected to the electrically conductive terminal 34A via a
signal path 38A, and a second input is electrically con-
nected to the electrically conductive terminal 34B via an-
other signal path 38B.

[0040] The sensor operating circuit 40 includes con-
ventional circuitry for operating the sensor 18A, 18B such
as by, for example, providing appropriate voltages across
the sensor electrodes 18A and 18B and collecting signals
produced by the sensor 18A, 18B. The sensor control
circuit 40 may also be configured to process the signals
produced by the sensor 18A, 18B, and to then control
one or more electrical circuits on-board the electrical cir-
cuit 32 and/or external to the electrical circuit 32. In one
embodiment, the sensor control circuit 40 is microproc-
essor-based, and is operable to execute one or more
software algorithms stored in the memory unit 42 to con-
trol operation of the sensor 18A, 18B and/or additional
circuitry on-board and/or external to the electrical circuit
32.

[0041] The sensor control circuit 32 may illustratively
include a conventional telemetry circuit 44 that is electri-
cally connected to the sensor operating circuit 42. The
telemetry circuit 44 may be configured to wirelessly trans-
mit signals to a remote electronic device 50, and/or to
receive signals from the remote electronic device 50. The
telemetry circuit 44 may be controlled by the sensor op-
erating circuit 40 to transmit and/or receive specified in-
formation, or may alternatively be controlled by the sen-
sor operating circuit 40 only to transmit information and
to be responsive to signals transmitted by the remote
electronic device 50 to receive information. In any case,
the telemetry circuit 44 may be configured to conduct
wireless communication using any conventional wireless
communication techniques. Examples of such conven-
tional wireless communications techniques include, but
are not limited to, infrared (IR) communications, radio
frequency (RF) communications, inductively coupled
communications, or the like.

[0042] The sensor control circuit 32 may also illustra-
tively include a conventional event notification circuit 46
that is electrically connected to the sensor operating cir-
cuit 42. The event notification circuit 46 is configured to
provide a notification of a specified event, and may ac-
cordingly include any one or more conventional visual,
audible and/or tactile indication devices. The event noti-
fication circuit 46 is configured to be responsive to an
eventnotification signal to activate the one or more visual,



15 EP 2 152 147 B1 16

audible and/or tactile indication devices according to any
desired indication pattern. The event that triggers activa-
tion of the one or more visual, audible and/or tactile in-
dication devices of the event notification circuit 46 gen-
erally results from information provided by the sensor
18A, 18B. In the illustrated embodiment, the sensor op-
erating circuit 40 is operable to process all information
produced by the sensor 18A, 18B, and is accordingly
operable to determine the event that triggers activation
of the event notification circuit 46 from the signals pro-
duced by the sensor 18A, 18B. Upon determining such
an event, the sensor operating circuit 40 is then operable
to control activation of the event notification circuit 46.
Alternatively, the sensor operating circuit 40 may be op-
erable, upon determining such an event, to control the
telemetry circuit 44 transmit a wireless event signal,
which may be received by a sensor telemetry circuit 52
that forms part of the remote electronic device 50.
[0043] The sensor control circuit 32 may also illustra-
tively include an acknowledge circuit 48 that is electrically
connected to the sensor operating circuit 40. The ac-
knowledge circuit 48 is configured to be responsive to
user activation thereof to produce an acknowledgement
signal, and to provide the acknowledgement signal to the
sensor operating circuit 40. Generally, the acknowledge
circuit 48 is provided as a mechanism for the user to
acknowledge production of the visual, audible or tactile
indication of the predefined event. In this regard, the ac-
knowledge circuit 48 may include any conventional user
activation mechanism including, for example, but not lim-
ited to, a user activated button, switch or the like.
[0044] Thesensorcontrol circuit 32 may be implement-
ed in any of a variety of conventional forms. In one em-
bodiment, for example, the sensor control circuit 32 may
be a single, monolithic integrated circuit configured to
include at least the sensor operating circuit 40, and to
optionally include any one or more of the telemetry circuit
44, the event notification circuit 46 and the acknowledge-
mentcircuit48. In this embodiment, the one or more elec-
trical terminals comprise one or more electrically conduc-
tive circuit terminals or leads extending from a hermeti-
cally sealed integrated circuit package containing the in-
tegrated circuit. In this embodiment, the structure 33 thus
represents a packaged integrated circuit. In another em-
bodiment, for example, the sensor control circuit 32 may
include a sensor control circuit substrate having at least
the sensor operating circuit 40, and optionally any one
or more of the telemetry circuit 44, the event notification
circuit 46 and the acknowledgement circuit 48, mounted
thereto. In this embodiment, the structure 33 illustrated
in FIG. 4 represents the sensor control circuit substrate.
The substrate 33 may be flexible or rigid, and the one or
more electrical terminals may take the form of one or
more electrically conductive pads formed on the under-
side of the substrate 33, one or more circuittraces formed
on the underside of the substrate 33 or one or more elec-
trical conductors extending from the underside of the sub-
strate 33. In this embodiment, the sensor operating circuit
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40, and optionally any one or more of the telemetry circuit
44, the event notification circuit 46 and the acknowledge-
ment circuit 48, is mounted to a top side of the substrate
33, and the one or more electrical terminals defined on
the underside of the substrate 33 are electrically con-
nected to corresponding electrical terminals or circuit
traces defined on the top side of the substrate 33 in a
conventional manner. An example of this is illustrated in
FIG. 3 where the electrical terminal 34A defined on the
bottom surface of the sensor control circuit 32 is electri-
cally connected via an electrical conductor 35 to an elec-
trical terminal 34A’ defined on the top surface of the sen-
sor control circuit 32. The two electrical terminals 34A
and 34A’ may be electrically connected using conven-
tional techniques including, for example, but not limited
to, plated-though hole technology, using multiple layers
of conductors interconnected by vias, wrapping electri-
cally conductive circuit traces around the substrate from
the top surface to the bottom surface, and the like. Ex-
amples of suitable flexible materials that may be used to
implement the substrate 33 in flexible form include, but
are not limited to, Melinex® polyester film (e.g., polyeth-
ylene terephthalate), other polyesters such as Mylar®,
polyvinyl chloride, electrically insulating plastic or poly-
meric materials such as polycarbonates, polyurethanes,
polyethers, polyimides, or copolymers of thermoplastics,
such as glycol-modified polyethylene terephthalate,
and/or other electrically non-conducting, flexible, deform-
able materials. Examples of suitable rigid materials that
may be used to implement the substrate 33 in rigid form
include, but are not limited to, ceramics, such as alumi-
num oxide and silicon dioxide, conventional printed cir-
cuit boards, conventional multi-layer printed circuit
boards, and the like. Combinations of flexible and non-
flexible materials are also contemplated.

[0045] As described hereinabove, a remote electronic
device 50 may include a sensor telemetry circuit 52 con-
figured to wirelessly transmit signals to and/or receive
signals from the telemetry circuit 44 of the sensor control
circuit 32. The remote electronic device 50 may further
include a conventional processor circuit 54, which may
be implemented in the form of a conventional microproc-
essor that is electrically connected to the sensor telem-
etry circuit 52 and to an input device 56. An input device
56 may be or include a keyboard, key pad, touch screen
display device, voice-activated device or the like, and
may be usedin a conventional manner to supply the proc-
essor 54 with information that may include, for example,
commands to execute a desired function or process. A
conventional display 57 may be included as part of the
electronic device 50, and may be controlled by the proc-
essor 54 in a conventional manner to display messages,
alerts and/or warnings in the form of one or more of a
visual, audible or tactile form. In embodiments wherein
the sensor operating circuit 40 of the electrical circuit 36
is operable to control the telemetry circuit 44 to transmit
a wireless event signal, as described hereinabove, the
telemetry circuit 52 of the electronic device 50 is operable
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to receive the wireless event signal and provide this sig-
nal to the processor 54. The processor 54 is, in turn,
responsive to the wireless event signal to activate the
display 57 todisplay, in visual, audible and/or tactile form,
an indicator of the event.

[0046] The electronic device 50 may further include an
auxiliary telemetry circuit 58 that is configured to transmit
and/or receive wireless signals to and/or from a telemetry
circuit 60 of another remote or auxiliary electronic device
62. Alternatively, the remote device 50 may include an
input/output port 66, the remote or auxiliary device 62
may also include an input/output port 68, and a suitable
wired connection 69 may electrically connect the in-
put/output ports 66 and 68. Communication between the
remote electronic device 50 and the remote or auxiliary
electronic device 62 may be carried out using any con-
ventional techniques and according to any conventional
communications protocols.

[0047] Referring now to FIGS. 5-8, oneillustrative em-
bodiment of another sensor module 70 is shown. The
sensor module 70 includes some of the same structural
components as the sensor module 10 of FIGS. 1-4, and
like numbers are therefore used to identify like compo-
nents. In the illustrated embodiment, an intermediate
substrate 80 is introduced between the circuit mounting
portion 16 of the substrate 12 and the electrical circuit
32. The intermediate substrate 80 is flexible or may in
other examples be rigid, and in either case the substrate
80 defines therethrough one or more passageways that
align with one or more corresponding electrically conduc-
tive pads defined on the circuit mounting portion 16 of
the substrate 12 when the substrate 80 is mounted to the
circuit mounting portion 16 of the substrate 12. In the
illustrated embodiment, for example, the intermediate
substrate 80 defines therethrough two such passage-
ways 82A and 82B that align with corresponding electri-
cally conductive pads 22A and 22B defined on the circuit
mounting portion 16 of the substrate 12, and that are
juxtaposed over the corresponding electrically conduc-
tive pads 22A and 22B when the substrate 80 is mounted
to the circuit mounting portion 16 of the substrate 12. The
substrate 80 may be attached to the circuit mounting por-
tion 16 of the substrate 12 via a conventional attachment
medium, and in the embodiment illustrated in FIG. 7 the
substrate 80 is shown being attached or mounted to the
mounting portion 16 ofthe substrate 12 via a conventional
adhesive 84. Examples of other suitable attachment
mechanisms include, but are not limited to, conventional
epoxies or other formable or settable mediums, conven-
tional adhesives including adhesive tapes, or the like.
Examples of suitable flexible materials that may be used
to implement the substrate 80 in flexible form include,
but are not limited to, Melinex® polyester film (e.g., pol-
yethylene terephthalate), other polyesters such as My-
lar®, polyvinyl chloride, electrically insulating plastic or
polymeric materials such as polycarbonates, poly-
urethanes, polyethers, polyimides, or copolymers of ther-
moplastics, such as glycol-modified polyethylene tereph-
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thalate, and/or other electrically non-conducting, flexible,
deformable materials. Examples of suitable rigid materi-
als that may be used to implement the substrate 80 in
rigid form include, but are not limited to, ceramics, such
as aluminum oxide and silicon dioxide, conventional
printed circuit boards, conventional multi-layer printed
circuit boards, and the like. Combinations of flexible and
non-flexible materials are also contemplated.

[0048] The one or more electrical terminals defined by
the electrical circuit 32 also align with the one or more
passageways defined through the intermediate substrate
80. In the illustrated embodiment, for example, the elec-
trical terminals 34A and 34B align with the passageways
82A and 82B respectively so that the terminals 34A and
34B are juxtaposed over the electrically conductive pads
22A and 22B when the electrical circuit 32 is mounted to
the intermediate substrate 80 and the intermediate sub-
strate 80 is also mounted to the circuit mounting portion
16 of the substrate 12, as illustrated in FIGS. 6 and 7.
Electrical connection between the electrically conductive
terminals 34A and 34B and the corresponding electrically
conductive pads 22A and 22B respectively is made using
conventional electrical interconnection techniques. Ex-
amples of such electrical interconnection techniques in-
clude, but are not limited to, curable solder paste, solder
bumps, electrically conductive adhesive, an electrically
conductive formable medium such as an electrically con-
ductive resin, or the like. In the illustrated embodiment,
the electrical connection is shown as taking the form of
a formable metallic conductor 86, e.g., solder, that forms
an electrical and mechanical bond to the electrically con-
ductive terminal 34A and to the electrically conductive
pad 22A. This mechanical connection may serve also as
the mechanical attachment mechanism for mounting the
electrical circuit 32 to the intermediate substrate 80, as
illustrated in FIG. 7, or a conventional attachment medi-
um may alternatively be used to attach or mount the elec-
trical circuit 32 to the substrate 80. Examples of such
conventional attachment mechanisms include, but are
not limited to, conventional epoxies or other formable or
settable mediums, conventional adhesives including ad-
hesive tapes, or the like.

[0049] The electrical circuit 32 may take any of the
forms described hereinabove with respect to FIG. 4, and
may be configured as described hereinabove to commu-
nicate with a remote electronic device 50. The device 50
may also be configured to communicate with an auxiliary
electronic device 62. Details of the remote electronic de-
vice 50, the auxiliary electronic device 62 and operation
thereof are provided hereinabove. In some embodi-
ments, a portion 32’ of the electrical circuit 32 may be
mounted to a suitable rigid or in other examples flexible
substrate 88 that is itself attached to the substrate 80,
and a remainder of the electrical circuit 32 may be mount-
ed to and carried by the substrate 80. In the illustrated
embodiment, for example, the event notification circuit
46 is shown as being mounted to and carried by the sub-
strate 80 while a remainder 32’ of the sensor control cir-
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cuitry 40, 43, 44 and 48 is mounted to a sensor control
circuit substrate 88. It will be understood that in this em-
bodiment, any one or more of the sensor control circuit
components may be mounted to the substrate 80, and
that the event notification circuit 46 is shown mounted to
the substrate 80 only by way of example. In any case,
any portion of the sensor control circuit 32 thatis mounted
to the substrate 80 is electrically connected to a remain-
der of the sensor control circuit 32’ that is mounted to the
sensor control circuit substrate 88 using conventional
electrical connection structures and techniques. In the
illustrated embodiment, for example, the substrate 88 de-
fines an electrically conductive pad or terminal 90 on a
top side of thereof that is electrically connected to the
sensor operating circuit 40 via an electrically conductive
trace 92. The substrate 80 likewise defines an electrically
conductive pad or terminal 94 on the top side thereof that
is electrically connected to the event notification circuit
46 via an electrically conductive trace 96. The electrically
conductive pads or terminals 90 and 94 are electrically
connected together in a conventional manner to electri-
cally connect the event notification circuit 46 to the sensor
operating circuit 40.

[0050] In an alternative embodiment, as illustrated in
phantominFIG. 8, the substrate 88 defines an electrically
conductive pad 98 on the bottom surface thereof that
aligns with, and is juxtaposed over, an electrically con-
ductive pad 99 formed on the top surface of the substrate
80 when the substrate 88 is mounted to the substrate 80.
Electrical interconnection therebetween may be made
using conventional techniques, or by interposing an an-
isotropic electrically conductive medium, such as the an-
isotropic electrically conductive medium 30 illustrated
and described hereinabove, between the substrates 80
and 88 at least between the electrically conductive pads
98 and 99. Examples of suitable flexible materials that
may be used to implement the substrate 88 in flexible
form include, but are not limited to, Melinex® polyester
film (e.g., polyethylene terephthalate), other polyesters
such as Mylar®, polyvinyl chloride, electrically insulating
plastic or polymeric materials such as polycarbonates,
polyurethanes, polyethers, polyimides, or copolymers of
thermoplastics, such as glycol-modified polyethylene
terephthalate, and/or other electrically non-conducting,
flexible, deformable materials. Examples of suitable rigid
materials that may be used to implement the substrate
88 in rigid form include, but are not limited to, ceramics,
such as aluminum oxide and silicon dioxide, conventional
printed circuit boards, conventional multi-layer printed
circuit boards, and the like. Combinations of flexible and
non-flexible materials are also contemplated.

[0051] In an alternative embodiment, as another ex-
ample, the telemetry circuit 44 may be mounted to and
carried by the substrate 88 while the remainder 32’ of the
sensor control circuitry 40, 43, 44 and/or 46 is mounted
to and carried by the substrate 80. In this embodiment,
the telemetry circuit 44 is electrically connected to a re-
mainder of the sensor control circuit 32’ that is mounted
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to the substrate 80 using conventional electrical connec-
tion structures and techniques of the type just described.
[0052] Referring now to FIGS. 9-14, one illustrative
embodiment of yet another sensor module 100 is shown.
The sensor module 100 includes some of the same struc-
tural components as the sensor module 10 of FIGS. 1-4,
and like numbers are therefore used to identify like com-
ponents. In the illustrated embodiment, an intermediate
substrate 110 is introduced between the circuit mounting
portion 16 of the substrate 12 and an electrical circuit
132. The intermediate substrate 110 is flexible or in other
examples rigid, and in either case the substrate 110 de-
fines one or more electrically conductive pads on the bot-
tom surface thereof that align with one or more of the
number of electrically conductive pads defined on the
circuit mounting portion 16 of the substrate 12 when the
substrate 110 is mounted to the circuit mounting portion
16 of the substrate 12. In the illustrated embodiment, for
example, the intermediate substrate 110 defines two
such electrically conductive pads 112A and 112B on the
bottom surface thereof that align with corresponding
electrically conductive pads 22A and 22B defined on the
circuit mounting portion 16 of the substrate 12. In the
illustrated embodiment, the substrate 110 is attached to
the circuit mounting portion 16 of the substrate 12 via an
anisotropic electrically conductive medium 30 as de-
scribed hereinabove with respect to FIGS. 1-3. In this
embodiment, the anisotropic medium 30 also establishes
local electrical connections between the electrically con-
ductive pads 22A and 112A and between the electrically
conductive pads 22B and 112B as described herein-
above. Alternatively, the substrate 110 may be attached
to the circuit mounting portion 16 of the substrate 12 via
any conventional attachment medium, and electrical con-
nections between the electrically conductive pads 22A
and 112A and between the electrically conductive pads
22B and 112B may be established via any conventional
electrical connection structure or technique. Examples
of suitable flexible materials that may be used to imple-
ment the substrate 110 in flexible form include, but are
not limited to, Melinex® polyester film (e.g., polyethylene
terephthalate), other polyesters such as Mylar®, polyvi-
nyl chloride, electrically insulating plastic or polymeric
materials such as polycarbonates, polyurethanes, poly-
ethers, polyimides, or copolymers of thermoplastics,
such as glycol-modified polyethylene terephthalate,
and/or other electrically non-conducting, flexible, deform-
able materials. Examples of suitable rigid materials that
may be used to implement the substrate 110 in rigid form
include, but are not limited to, ceramics, such as alumi-
num oxide and silicon dioxide, conventional printed cir-
cuit boards, conventional multi-layer printed circuit
boards, and the like. Combinations of flexible and non-
flexible materials are also contemplated.

[0053] The substrate 110 also defines a number of
electrically conductive pads on the top surface thereof,
at least some of which are electrically connected to cor-
responding electrically conductive pads defined on the
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bottom surface of the substrate 110, and one or more of
which align with a corresponding one or more electrically
conductive pads defined on the bottom surface of the
electrical circuit 132 when the electrical circuit 132 is
mounted to the substrate 110. In the illustrated embodi-
ment, for example, a pair of electrically conductive pads
114A and 114B are defined on the top surface of the
substrate 110. The electrically conductive pad 114A de-
fined on the top surface of the substrate 110 is electrically
connected to the electrically conductive pad 112A de-
fined on the bottom surface of the substrate 110 by an
electrical conductor or electrically conductive trace 116A,
and the electrically conductive pad 114B defined on the
top surface of the substrate 110 is likewise electrically
connected to the electrically conductive pad 112B de-
fined on the bottom surface of the substrate 110 by an
electrical conductor or electrically conductive trace 116B.
The electrical conductors or electrically conductive trac-
es 116A and 116B may be formed using conventional
electrical connection technology, examples of which in-
clude, but are not limited to, plated-though hole technol-
ogy, using multiple layers of conductors interconnected
by vias, wrapping electrically conductive circuit traces
around the substrate from the top surface to the bottom
surface, and the like.

[0054] In the illustrated embodiment, the electrical cir-
cuit 132 defines a pair of electrically conductive terminals
in the form of electrically conductive pads 134A and 134B
on the bottom surface thereof, which align with, and are
juxtaposed over, corresponding ones of the electrically
conductive pads 114A and 114B defined on the top sur-
face of the substrate 110 when the electrical circuit 132
is mounted to the substrate 110. In one embodiment, as
illustrated in FIG. 11A, the electrical circuit 132 is at-
tached to the substrate 110 via a conventional attach-
ment medium 124, examples of which include, but are
not limited to, conventional epoxies or other formable or
settable mediums, conventional adhesives including ad-
hesive tapes, or the like. Electrical connection between
the electrically conductive terminals 134A and 134B and
the corresponding electrically conductive pads 114A and
114B respectively is made using conventional electrical
interconnection techniques. Examples of such electrical
interconnection techniques include, but are not limited
to, curable solder paste, solder bumps, electrically con-
ductive adhesive, an electrically conductive formable
medium such as an electrically conductive resin, or the
like. In the illustrated embodiment, the electrical connec-
tion is shown as taking the form of a formable metal 126,
e.g., solder, thatforms an electrical and mechanical bond
to the electrically conductive pad 134B and to the elec-
trically conductive pad 114B. In some embodiments, this
mechanical connection may serve also as the mechan-
ical attachment mechanism for mounting the electrical
circuit 132 to the substrate 110. In an alternate embodi-
ment, as illustrated in FIG. 11B, the electrical circuit 132
is attached to the substrate 110 via an anisotropic elec-
trically conductive medium 130, which may be identical
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to the anisotropic electrically conductive medium 30 de-
scribed hereinabove with respect to FIGS. 1-3. In this
embodiment, the anisotropic medium 130 also establish-
es local electrical connections between the electrically
conductive pads 134A and 114A and between the elec-
trically conductive pads 134B and 114B as described
hereinabove.

[0055] The electrical circuit 132 may take any of the
forms described hereinabove with respect to the descrip-
tion of the electrical circuit 32, and may be configured as
described hereinabove to communicate with a remote
electronic device 50. The device 50 may also be config-
ured to communicate with an auxiliary electronic device
62. Details of the remote electronic device 50, the auxil-
iary electronic device 62 and operation thereof are pro-
vided hereinabove.

[0056] Inone embodiment, asillustrated in FIG. 12, for
example, the sensor operating circuit 40 is mounted to a
top surface of a rigid or in other examples flexible sub-
strate 133 that is attached to the substrate 110 as de-
scribed hereinabove with respect to FIGS. 11A or 11B.
The sensor operating circuit 40 has a first input that is
electrically connected to the electrically conductive pad
134A viaan electrical conductor or electrically conductive
trace 138A, and a second input that is electrically con-
nected to the electrically conductive pad 134B via an
electrical conductor or electrically conductive trace 138B.
Optionally, a telemetry circuit 44, an event notification
circuit 46 and/or an acknowledge circuit 48 may also be
mounted to the substrate 133 and electrically intercon-
nected as described hereinabove. In this embodiment,
the sensor operating circuit 40, and optionally any one
or more of the telemetry circuit 44, the event notification
circuit 46 and the acknowledgement circuit 48, is mount-
ed to a top side of the substrate 133, and the one or more
electrical terminals defined on the bottom surface of the
substrate 133 are electrically connected to correspond-
ing electrical terminals or circuit traces defined on the top
side of the substrate 33 in a conventional manner. This
is illustrated in FIGS. 11A and 11B where the electrical
terminal 134B defined on the bottom surface of the sen-
sor control circuit 32 is electrically connected via an elec-
trical conductor 135 to an electrical terminal 134B’ de-
fined on the top surface of the sensor control circuit 32.
The two electrical terminals 134B and 134B’ may be elec-
trically connected using conventional techniques includ-
ing, for example, but not limited to, plated-though hole
technology, using multiple layers of conductors intercon-
nected by vias, wrapping electrically conductive circuit
traces around the substrate from the top surface to the
bottom surface, and the like.

[0057] In an alternative embodiment, as illustrated in
FIG. 13, forexample, a portion 132’ of the electrical circuit
132 may be mounted to a modified substrate 133’ that is
itself attached to a modified substrate 110’, and a remain-
der of the electrical circuit 132 may be mounted to and
carried by the substrate 110’. In the illustrated embodi-
ment, for example, the telemetry circuit 44 is shown as
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being mounted to and carried by the substrate 110’ while
a remainder 132’ of the sensor control circuitry 40, 42,
46 and 48 is mounted to the substrate 133’. It will be
understood that in this embodiment, any one or more of
the sensor control circuit components may be mounted
to the substrate 110’, and that the telemetry circuit 44 is
shown mounted to the substrate 110’ only by way of ex-
ample. In any case, any portion of the sensor control
circuit 132 that is mounted to the substrate 110’ is elec-
trically connected to a remainder of the sensor control
circuit 132’ that is mounted to the substrate 133’ using
conventional electrical connection structures and tech-
niques. In the illustrated embodiment, for example, the
substrate 110’ is modified, relative to the substrate 110
of FIG. 12, to define an electrically conductive pad 114C
on a top side of thereof that is electrically connected to
the telemetry circuit 44 via an electrically conductive trace
116C. The substrate 133’ is likewise modified, relative to
the substrate 133, to define an electrically conductive
pad 134C on the bottom surface thereof thatis electrically
connected to an input of the sensor operating circuit 40
via an electrically conductive trace 138C. The electrically
conductive pads 114C and 134C are electrically connect-
ed together as described hereinabove with respect to
FIGS. 11A or 11B. In the embodiment illustrated in FIG.
13, the electrically conductive pads 112A and 112B de-
fined on the bottom surface of the substrate 110" are
shown offset from the center of the substrate 110’ to il-
lustrate that the electrically conductive pads may be de-
fined anywhere on the bottom surface of the substrate
110’, and this is generally true of any of the electrically
conductive pads and/or electrical terminals illustrated
and described herein.

[0058] In another alternative embodiment, as illustrat-
edin FIG. 14, for example, a portion 132’ of the electrical
circuit 132 may again be mounted to another modified
substrate 133" that is itself attached to another modified
substrate 110", and a remainder of the electrical circuit
132 may be mounted to and carried by the substrate 110".
In the illustrated embodiment, for example, the acknowl-
edge circuit 48 is shown as being mounted to and carried
by the substrate 110" while aremainder 132’ of the sensor
control circuitry 40, 42, 44 and 48 is mounted to the sub-
strate 133". It will be understood that in this embodiment,
any one or more of the sensor control circuit components
may be mounted to the substrate 110", and that the ac-
knowledge circuit 48 is shown mounted to the substrate
110" only by way of example.

[0059] The substrate 110" is modified, relative to the
substrates 110and 110’ of FIGS. 12 and 13 respectively,
to define a number of electrically conductive terminals
114A’, 114B’ and 114C’ in place of the electrically con-
ductive pads 114A, 114B and 114C, that may or may not
be implemented in the form of electrically conductive
pads, that may be defined on the top or bottom surface
of the substrate 110" and that may or may not align with
corresponding electrical terminals defined on the modi-
fied substrate 133". The electrical terminal 114A’ is elec-
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trically connected to the electrically conductive pad 112A
via the circuit trace 116A, the electrical terminal 114B’ is
electrically connected to the electrically conductive pad
112B via the circuit trace 116B, and the electrical terminal
114C’ is electrically connected to the acknowledge circuit
48 via the circuit trace 116C. The substrate 133" is like-
wise modified to define a number of electrically conduc-
tive terminals 134A’, 134B’ and 134C’ in place of the elec-
trically conductive pads 134A, 134B and 134C, that may
or may not be implemented in the form of electrically con-
ductive pads, that may be defined on the top or bottom
surface of the substrate 133" and that may or may not
align with corresponding electrical terminals defined on
the modified substrate 110". The electrical terminals
134A’, 134B’ and 134C’ are electrically connected to sep-
arate inputs of the sensor operating circuit 40.

[0060] In the embodiment illustrated in FIG. 14, the
electrical terminals 114A’, 114B’ and 114C’ defined on
the substrate 110’ are electrically connected to corre-
sponding ones of the electrical terminals 134A’, 134B’
and 134C’ defined on the substrate 133’ using electrical
connection structures and techniques including, for ex-
ample, but not limited to, various soldering techniques,
clamping techniques and the like. In any of the embodi-
ments illustrated in FIGS. 12-14, examples of suitable
flexible materials that may be used to implement the sub-
strates 110, 110°, 110", 133, 133’ and 133" in flexible
form include, but are not limited to, Melinex® polyester
film (e.g., polyethylene terephthalate), other polyesters
such as Mylar®, polyvinyl chloride, electrically insulating
plastic or polymeric materials such as polycarbonates,
polyurethanes, polyethers, polyimides, or copolymers of
thermoplastics, such as glycol-modified polyethylene
terephthalate, and/or other electrically non-conducting,
flexible, deformable materials. Examples of suitable rigid
materials that may be used to implement the substrates
110, 110’, 110", 133, 133’ and 133" in rigid form include,
but are not limited to, ceramics, such as aluminum oxide
and silicon dioxide, conventional printed circuit boards,
conventional multi-layer printed circuit boards, and the
like. Combinations of flexible and non-flexible materials
are also contemplated.

[0061] In an alternative embodiment, as another ex-
ample, the telemetry circuit 44 may be mounted to and
carried by the substrate 133 or 133’ while the remainder
132’ of the sensor control circuitry 40, 43, 44 and/or 46
is mounted to and carried by the substrate 110, 110’ or
110". In this embodiment, the telemetry circuit 44 is elec-
trically connected to a remainder of the sensor control
circuit 132’ that is mounted to the substrate 110, 110’ or
110" using conventional electrical connection structures
and techniques of the type just described.

[0062] While the invention has been illustrated and de-
scribed in detail in the foregoing drawings and descrip-
tion, the same is to be considered as illustrative and not
restrictive in character, it being understood that only il-
lustrative embodiments thereof have been shown and
described and that all changes and modifications that
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come within the scope of the invention are desired to be
protected.

Claims

1.

A sensor (70) comprising:

a first substrate (12) having a sensing portion
(14) configured to be percutaneously inserted
into a patient and an extracorporeal circuit
mounting portion (16), the sensing portion (14)
defining a sensor (18A, 18B) thereon and the
circuit mounting portion (16) having at least one
electrically conductive pad (22A, 22B) defined
thereon that is electrically connected to the sen-
sor, the sensor (18A, 18B) configured to produce
a signal indicative of a condition of the patient,
characterized by

a second substrate (80, 110) mounted to the first
substrate (12) and defining thereon a first
number of electrically conductive pads (34A,
34B, 99; 112A, 112B, 114A, 114B), at least one
ofthefirstnumber of electrically conductive pads
being aligned with the at least one electrically
conductive pad defined on the first substrate
(12) and at least another of the first number of
electrically conductive pads defined on the sec-
ond substrate (80, 110) being electrically con-
nected to the at least one of the first number of
electrically conductive pads defined on the sec-
ond substrate (80, 110),

means for establishing electrical contact be-
tween the at least one electrically conductive
pad defined on the first substrate (12) and the
at least one of the first number of electrically
conductive pads defined on the second sub-
strate,

a third substrate (88, 133) mounted to the sec-
ond substrate (80, 110) and defining thereon the
at least one electrical terminal (98, 134),

a first number of electrical components (40, 43,
44, 46, 48) mounted to the third substrate and
a second number of electrical components (40,
43, 44, 46, 48) mounted to the second substrate
(80, 110), the second number of electrical com-
ponents (40, 43, 44, 46, 48) and the first number
of electrical components (40, 43, 44, 46, 48) to-
gether forming a sensor control circuit (32, 132),
the sensor control circuit (32, 132) being elec-
trically connected to the at least one electrical
terminal (98, 134) defined on the third substrate
(88, 133), and

means for establishing electrical contact be-
tween the at least another of the first number of
electrically conductive pads defined on the sec-
ond substrate (80, 110) and the atleast one elec-
trical terminal defined on the third substrate (88,
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133), the sensor (18A, 18B) being thereby elec-
trically connected to the sensor control circuit
(32, 132); wherein the second substrate (80,
110) is flexible and the third substrate (88, 133)
is rigid.

The sensor of claim 1 wherein the sensor control
circuit (32, 132) includes a telemetry circuit (44) con-
figured to transmit or receive communication signals
to or from a remote electronic device (50).

The sensor of claim 1 wherein the sensor control
circuit (32, 132) includes a notification circuit (46)
configured to produce any of a visual, audible and
tactile indication of a predefined event.

The sensor of claim 3 wherein the sensor control
circuit (32, 132) includes an acknowledgement cir-
cuit (48) responsive to user activation thereof to ac-
knowledge production of the visual, audible or tactile
indication of the predefined event.

The sensor of claim 1 further including

means for electrically connecting the second
number of electrical components to the first
number of electrical components.

The sensor of claim 5 wherein the second number
of electrical components includes a sensor operating
circuit (40) configured to operate the sensor.

The sensor of claim 1 wherein the first substrate (12)
defines a second number of electrically conductive
pads on the circuit mounting portion (16) thereof,
and wherein at least some of the first number of elec-
trically conductive pads defined on the second sub-
strate (80, 110) align with corresponding ones of the
second number of electrically conductive pads de-
fined on the circuit mounting portion (16) of the first
substrate (12) when the second substrate (80, 110)
is mounted to the first substrate (12).

The sensor of claim 7 wherein the third substrate
defines a third number of electrical terminals there-
on,

and wherein at least others of the first number of
electrically conductive pads defined on the second
substrate (80, 110) align with corresponding ones of
the third number of electrical terminals defined on
the third substrate.

The sensor of claim 7 wherein the third substrate
(88, 133) defines a third number of electrical termi-
nals thereon,

and further including means for electrically connect-
ing at least others of the first number of electrically
conductive pads defined on the second substrate
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(80, 110) to corresponding ones of the third number
of electrical terminals defined on the third substrate
(88, 133).

The sensor of claim 1, further comprising a first
number of electrical components mounted to the
third substrate (88, 133) and a second number of
electrical components mounted to the second sub-
strate (80, 110), the second number of electrical
components and the first number of electrical com-
ponents together forming the sensor control circuit
(32, 132), the sensor control circuit (32, 132) being
electrically connected to the at least one electrically
conductive terminal.

The sensor of claim 10 further including means for
electrically connecting the second number of elec-
trical components to the first number of electrical
components.

The sensor of claim 11 wherein the second number
of electrical components includes a sensor operating
circuit (40) configured to operate the sensor.

The sensor of claim 11 wherein the second number
of electrical components includes a telemetry circuit
(44) configured to transmit or receive communication
signals to or from a remote electronic device.

The sensor of claim 11 wherein the second number
of electrical components includes a notification cir-
cuit (46) configured to produce any of a visual, au-
dible and tactile indication of a predefined event.

The sensor of claim 11 wherein the second number
of electrical components includes an acknowledge-
mentcircuit (48) responsive to user activation thereof
to acknowledge production of the visual, audible or
tactile indication of the predefined event.

Patentanspriiche

1.

Sensor (70), umfassend:

ein erstes Substrat (12), das einen Erfassungs-
abschnitt (14), der konfiguriert ist, perkutan in
einen Patienten eingefiihrt zu werden, und ei-
nen extrakorporalen Schaltkreismontageab-
schnitt (16) aufweist, wobei auf dem Erfas-
sungsabschnitt (14) ein Sensor (18A, 18B) de-
finiert ist und wobei auf dem Schaltkreismonta-
geabschnitt (16) mindestens eine elektrisch leit-
fahige Kontaktstelle (22A, 22B) definiert ist, die
mit dem Sensor elektrisch verbunden ist, wobei
der Sensor (18A, 18B) konfiguriert ist, um ein
Signal zu produzieren, das einen Patientenzu-
stand anzeigt,
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gekennzeichnet durch

ein zweites Substrat (80, 110), das an dem ers-
ten Substrat (12) angebracht ist und auf dem
eine erste Anzahl von elektrisch leitfahigen Kon-
taktstellen (34A, 34B, 99; 112A, 112B, 114A,
114B) definiert ist, wobei mindestens eine aus
der ersten Anzahlvon elektrisch leitfahigen Kon-
taktstellen ausgerichtet ist auf die mindestens
eine elektrisch leitfdhige Kontaktstelle, die auf
dem ersten Substrat (12) definiert ist, und wobei
mindestens eine weitere aus der ersten Anzahl
von elektrisch leitfahigen Kontaktstellen, die auf
dem zweiten Substrat (80, 110) definiert ist, mit
der mindestens einen aus der ersten Anzahl von
elektrisch leitfahigen Kontaktstellen elektrisch
verbundenist, die auf dem zweiten Substrat (80,
110) definiert ist,

ein Element zum Einrichten eines elektrischen
Kontakts zwischen der mindestens einen elek-
trisch leitfahigen Kontaktstelle, die auf dem ers-
ten Substrat (12) definiert ist, und der mindes-
tens einen aus der ersten Anzahl von elektrisch
leitfahigen Kontaktstellen, die auf dem zweiten
Substrat definiert ist,

ein drittes Substrat (88, 133), das an dem zwei-
ten Substrat (80, 110) angebracht ist und auf
dem die mindestens einen elektrischen An-
schluss (98, 134) definiert ist,

eine erste Anzahl von elektrischen Komponen-
ten (40, 43, 44, 46, 48), die an dem dritten Sub-
strat angebracht ist, und eine zweite Anzahl von
elektrischen Komponenten (40, 43, 44, 46, 48),
die an dem zweiten Substrat (80, 110) ange-
bracht ist, wobei die zweite Anzahl von elektri-
schen Komponenten (40, 43, 44, 46, 48) und die
erste Anzahl von elektrischen Komponenten
(40, 43, 44, 46, 48) zusammen einen Sensor-
steuerschaltkreis (32, 132) bilden, wobei der
Sensorsteuerschaltkreis (32, 132) mitdem min-
destens einen elektrischen Anschluss (98, 134)
elektrisch verbunden ist, die auf dem dritten
Substrat (88, 133) definiert ist, und

ein Element zum Einrichten eines elektrischen
Kontakts zwischen der mindestens einen weite-
ren aus der ersten Anzahl von elektrisch leitfa-
higen Kontaktstellen, die auf dem zweiten Sub-
strat (80, 110) definiert ist, und dem mindestens
einen elektrischen Anschluss, die auf dem drit-
ten Substrat (88, 133) definiert ist, wodurch der
Sensor (18A, 18B) mit dem Sensorsteuerschalt-
kreis (32, 132) elektrisch verbunden wird;
wobei das zweite Substrat (80, 110) flexibel ist
und das dritte Substrat (88, 133) starr ist.

Sensor nach Anspruch 1, wobei der Sensorsteuer-
schaltkreis (32, 132) einen Telemetrieschaltkreis
(44) umfasst, der konfiguriert ist, um Kommunikati-
onssignale an eine ferne elektronische Vorrichtung



29
(50) zu senden oder von ihr zu empfangen.

Sensor nach Anspruch 1, wobei der Sensorsteuer-
schaltkreis (32, 132) einen Benachrichtigungs-
schaltkreis (46) umfasst, der konfiguriert ist, um eine
optische, akustische und flihlbare Anzeige eines
vordefinierten Ereignisses zu erzeugen.

Sensor nach Anspruch 3, wobei der Sensorsteuer-
schaltkreis (32, 132) einen Bestatigungsschaltkreis
(48) umfasst, der auf eine Benutzeraktivierung des-
selben reagiert, um das Erzeugen der optischen,
akustischen oder flhlbaren Anzeige des vordefinier-
ten Ereignisses zu bestatigen.

Sensor nach Anspruch 1, der auBerdem umfasstein
Element zum elektrischen Verbinden der zweiten
Anzahl von elektrischen Komponenten mit der ers-
ten Anzahl von elektrischen Komponenten.

Sensor nach Anspruch 5, wobei die zweite Anzahl
von elektrischen Komponenten einen Sensorbe-
triebsschaltkreis (40) umfasst, der konfiguriert ist,
den Sensor zu betreiben.

Sensornach Anspruch 1, wobeiauf dem Schaltkreis-
montageabschnitt (16) des ersten Substrats (12) ei-
ne zweite Anzahl von elektrisch leitfahigen Kontakt-
stellen definiert ist,

und wobei mindestens einige der ersten Anzahl von
elektrisch leitfahigen Kontakistellen, die auf dem
zweiten Substrat (80, 110) definiert ist, auf entspre-
chende Kontaktstellen der zweiten Anzahl von elek-
trisch leitfahigen Kontaktstellen ausgerichtet sind,
die auf dem Schaltkreismontageabschnitt (16) des
ersten Substrats (12) definiert ist, wenn das zweite
Substrat (80, 110) an dem ersten Substrat (12) an-
gebracht ist.

Sensor nach Anspruch 7, wobei auf dem dritten Sub-
strat eine dritte Anzahl von elektrischen Anschliis-
sen definiert ist,

und wobei mindestens einige andere der ersten An-
zahl von elektrisch leitfahigen Kontaktstellen, die auf
dem zweiten Substrat (80, 110) definiert ist, auf ent-
sprechende Anschliisse der dritten Anzahl von elek-
trischen Anschliissen ausgerichtet sind, die auf dem
dritten Substrat definiert ist.

Sensor nach Anspruch 7, wobei auf dem dritten Sub-
strat (88, 133) eine dritte Anzahl von elektrischen
Anschliissen definiert ist,

und wobei das dritte SubstratauRerdem ein Element
zum elektrischen Verbinden von mindestens einigen
anderen der ersten Anzahl von elektrisch leitfahigen
Kontaktstellen, die auf dem zweiten Substrat (80,
110) definiert ist, mit entsprechenden Anschlissen
derdritten Anzahl von elektrischen Anschliissen um-
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13.

14.

15.

30

fasst, die auf dem dem dritten Substrat (88, 133)
definiert ist.

Sensor nach Anspruch 1, der auRerdem eine erste
Anzahl von elektrischen Komponenten, die an dem
dritten Substrat (88, 133) angebracht ist, und eine
zweite Anzahl von elektrischen Komponenten um-
fasst, die an dem zweiten Substrat (80, 110) ange-
bracht ist, wobei die zweite Anzahl von elektrischen
Komponenten und die erste Anzahl von elektrischen
Komponenten zusammen den Sensorsteuerschalt-
kreis (32, 132) bilden, wobei der Sensorsteuer-
schaltkreis (32, 132) mit mindestens einem elektri-
schen Anschluss elektrisch verbunden ist.

Sensor nach Anspruch 10, der aul3erdem ein Ele-
ment zum elektrischen Verbinden der zweiten An-
zahl von elektrischen Komponenten mit der ersten
Anzahl von elektrischen Komponenten umfasst.

Sensor nach Anspruch 11, wobei die zweite Anzahl
von elektrischen Komponenten einen Sensorbe-
triebsschaltkreis (40) umfasst, der konfiguriert ist,
den Sensor zu betreiben.

Sensor nach Anspruch 11, wobei die zweite Anzahl
von elektrischen Komponenten einen Telemet-
rieschaltkreis (44) umfasst, der konfiguriert ist, um
Kommunikationssignale an eine ferne elektronische
Vorrichtung zu senden oder von ihr zu empfangen.

Sensor nach Anspruch 11, wobei die zweite Anzahl
von elektrischen Komponenten einen Benachrichti-
gungsschaltkreis (46) umfasst, der konfiguriert ist,
um eine optische, akustische oder fiihlbare Anzeige
eines vordefinierten Ereignisses zu erzeugen.

Sensor nach Anspruch 11, wobei die zweite Anzahl
von elektrischen Komponenten einen Bestatigungs-
schaltkreis (48) umfasst, der auf eine Benutzerakti-
vierung desselben reagiert, um das Erzeugen der
optischen, akustischen oder fihlbaren Anzeige des
vordefinierten Ereignisses zu bestatigen.

Revendications

1.

Détecteur (70) comprenant :

un premier substrat (12) muni d’une partie de
détection (14) configurée pour étre insérée par
voie percutanée sur un patient et d’'une partie
de montage de circuit extracorporel (16), la par-
tie de détection (14) définissant un détecteur
(18A, 18B) sur celui-ci et la partie de montage
de circuit extracorporel (16) définissant au
moins un patin conducteur de I'électricité (22A,
22B) connecté électriquement au détecteur, le
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détecteur (18A, 18B) étant configuré pour pro-
duire un signal indicateur de I'état du patient,
caractérisé par

undeuxiéme substrat (80, 110) monté surle pre-
mier substrat (12) et définissant sur celui-ci un
premier ensemble de patins conducteurs de
I'électricité (34A, 34B, 99; 112A, 112B, 114A,
114B), au moins un patin du premier ensemble
de patins conducteurs de I'électricité étant ali-
gné avec le ou les patins conducteurs de I'élec-
tricité définis sur le premier substrat (12), et au
moins un autre patin du premier ensemble de
patins conducteurs de I'électricité définis sur le
deuxiéme substrat (80, 110) étant électrique-
ment connecté a au moins un patin du premier
ensemble de patins conducteurs de I'électricité,
définis sur le deuxiéme substrat (80, 110),

des moyens permettant d’établir un contact
électrique entre le ou les patins conducteurs de
I'électricité définis sur le premier substrat (12)
etle oules patins du premier ensemble de patins
conducteurs de I'électricité définis sur le deuxié-
me substrat,

un troisieme substrat (88, 133) monté sur le
deuxiéme substrat (80, 110) et définissant sur
celui-ci la ou les bornes électriques (98, 134),
un premier ensemble de composants électri-
ques (40,43, 44,46, 48) montés sur le troisieme
substrat et un second ensemble de composants
électriques (40, 43, 44, 46, 48) montés sur le
deuxiéme substrat (80, 110), le second ensem-
ble de composants électriques (40, 43, 44, 46,
48) et le premier ensemble de composants élec-
triques (40, 43, 44, 46, 48) formant ensemble
un circuit de commande de détecteur (32, 132),
le circuit de commande de détecteur (32, 132)
étant électriquement connecté a au moins une
borne électrique (98, 134) définie sur le troisie-
me substrat (88, 133), et

des moyens permettant d’établir un contact
électrique entre au moins l'autre patin du pre-
mier ensemble de patins conducteurs de I'élec-
tricité définis sur le second substrat (80, 110) et
la ou les bornes électriques définies sur le troi-
sieme substrat (88, 133), le détecteur (18A, 18B)
étant ainsi électriquement connecté au circuit
de commande de détecteur (32, 132) ;

le deuxieme substrat (80, 110) étant flexible et le
troisiéme substrat (88, 133) étant rigide.

Détecteur selon la revendication 1, dans lequel le
circuit de commande de détecteur (32, 132) com-
prend un circuit de télémétrie (44) configuré pour
transmettre ou recevoir des signaux de communica-
tion depuis et vers un dispositif électronique distant
(50).
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3.

Détecteur selon la revendication 1, dans lequel le
circuit de commande de détecteur (32, 132) com-
prend un circuit de notification (46) configuré pour
produire toute indication visuelle, audible ou tactile
d’'un événement prédéfini.

Détecteur selon la revendication 3, dans lequel le
circuit de commande de détecteur (32, 132) com-
prend un circuit d’acquittement (48) quirépond a son
activation par I'utilisateur pour reconnaitre la produc-
tion de lindication visuelle, audible ou tactile de
I’événement prédéfini.

Détecteur selon la revendication 1, comprenant en
outre

des moyens pour connecter électriquement le se-
cond ensemble de composants électriques au pre-
mier ensemble de composants électriques.

Détecteur selon la revendication 5, dans lequel le
second ensemble de composants électriques com-
prend un circuitde commande de détecteur (40) con-
figuré pour faire fonctionner le détecteur.

Détecteur selon la revendication 1, dans lequel le
premier substrat (12) définit un deuxiéme ensemble
de patins conducteurs de I'électricité sur la partie de
montage de circuit (16) sur celui-ci,

et dans lequel au moins certains patins parmile pre-
mier ensemble de patins conducteurs de I'électricité
sur le deuxiéme substrat (80, 110) s’alignent avec
les patins correspondants du deuxiéme ensemble
de patins conducteurs de I'électricité définis sur la
partie de montage de circuit (16) du premier substrat
(12) lorsque le deuxieéme substrat (80, 110) est mon-
té sur le premier substrat (12).

Détecteur selon la revendication 7, dans lequel le
troisieme substrat définit un troisieme ensemble de
bornes électriques sur celui-ci,

et dans lequel au moins d’autres patins parmile pre-
mier ensemble de patins conducteurs de I'électricité
définis sur le deuxiéme substrat (80, 110) s’alignent
avec les patins correspondants du troisiéme ensem-
ble de patins conducteurs de I'électricité définis sur
le troisieme substrat.

Détecteur selon la revendication 7, dans lequel le
troisieme substrat (88, 133) définit un troisiéme en-
semble de bornes électriques sur celui-ci,

et comprend en outre des moyens pour établir un
contact électrique entre au moins d’autres patins
parmi le premier ensemble de patins conducteurs
de I'électricité définis sur le deuxiéme substrat (80,
110) et les patins correspondants du troisieme en-
semble de patins conducteurs de I'électricité définis
sur le troisiéme substrat (88, 133).
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Détecteur selon la revendication 1, comprenant en
outre un premier ensemble de composants électri-
ques montés sur le troisieme substrat (88, 133) et
un second ensemble de composants électriques
montés sur le deuxiéme substrat (80, 110), le second
ensemble de composants électriques et le premier
ensemble de composants électriques formant en-
semble le circuit de commande de détecteur (32,
132), le circuit de commande de détecteur (32, 132)
étant électriquement connecté a au moins une borne
conductrice de I'électricité.

Détecteur selon la revendication 10, comprenant en
outre des moyens pour connecter électriquement le
second ensemble de composants électriques au
premier ensemble de composants électriques.

Détecteur selon la revendication 11, dans lequel le
second ensemble de composants électriques com-
prend un circuit de commande de détecteur (40) con-
figuré pour faire fonctionner le détecteur.

Détecteur selon la revendication 11, dans lequel le
second ensemble de composants électriques com-
prend un circuit de télémétrie (44) configuré pour
transmettre ou recevoir des signaux de communica-
tion depuis et vers un dispositif électronique distant.

Détecteur selon la revendication 11, dans lequel le
second ensemble de composants électriques com-
prend un circuit de notification (46) configuré pour
produire toute indication visuelle, audible ou tactile
d’'un événement prédéfini.

Détecteur selon la revendication 11, dans lequel le
second ensemble de composants électriques com-
prend un circuitd’acquittement (48) quirépond a son
activation par I'utilisateur pour ainsi reconnaitre la
production de l'indication visuelle, audible ou tactile
de I'événement prédéfini.
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