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Figure 6

(57) Abstract: An implantable sensor assembly comprises a support structure including a board, a compliant structure disposed on a
top surface of the board, and a sensor supported by the compliant structure above the top surface of the board. An aperture 1s formed 1n
the support structure for exposing at least in part a face of the sensor. The sensor may be a pressure sensor having a sensing membrane
exposed through the aperture formed in the support structure. A stiffener, which may be conductive, may be mounted to a bottom surface
of the board. The sensor and other components may be covered by a polymer shell having a conductive cover or by a gel contained within
a rigid cap, which may be conductive. An electromagnetic shield may be formed by an electrical connection between the conductive

cover or the conductive rnigid cap and the conductive stiffener,
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IMPLANTABLE SENSOR ASSEMBLY INCLUDING A SENSOR
AND A COMPLIANT STRUCTURE

CROSS-REFERENCE

[0001] The present application claims priority from United States
Provisional Application Serial No. 62/962,400, filed on January 17, 2020, the

entirety of which Is incorporated by reference herein.
TECHNICAL FIELD

[0002] The present disclosure relates to the field of implantable
sensors. More specifically, the present disclosure relates to an implantable

sensor assembly.
BACKGROUND

[0003] Implantable biocompatible sensors are adapted to be inserted
under a subject's skin In order to measure and collect data related to physical
conditions of the subject body. Implantable biocompatible sensors have
undergone extensive improvements over the years and find a variety of

applications for offering a rapid and accurate way for doctors, nurses and

caregivers to monitor subjects with particular medical conditions.

[0004] An example of a method and system for installing a sensor in a
body is provided in United States Patent Application Publication No.
2020/0360050 A1 to Harvey et al., published on November 19, 2020, the

disclosure of which Is incorporated by reference herein.

[0005] Once a sensor is in place under the skin of patient, it may
provide measurements to an external module via signals that propagate, for
example, through a cable. The sensor is exposed to various physical conditions
that prevall In the body, for example conditions of temperature, humidity,

pressure, potential hydrogen (pH), and the like. The sensor may be adapted to
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measure one of these conditions, but its measurements may be altered by the

other of these conditions.

[0006] Therefore, there 1s a need for improvements In implantable

biocompatible sensors.
SUMMARY

[0007] In one aspect, various Implementations of the present
technology provide an implantable sensor assembly, comprising: a support
structure comprising a board; a compliant structure disposed on a top surface of
the board; a sensor supported by the compliant structure above the top surface
of the board; and an aperture formed In the support structure for exposing at

least In part a face of the sensor.

[0008] In some Implementations of the present technology, the
compliant structure comprises: a first portion formed of a first gel compound
disposed on a first face of the sensor; and a second portion formed of a second
gel compound surrounding the sensor and extending between the first gel

compound and the exposed face of the sensor.

[0009] In some iImplementations of the present technology, the first gel
compound has a first viscosity and the second gel compound has a second

viscosity greater than the first viscosity.

[0010] In some implementations of the present technology, the sensor

assembly further comprises a polymer shell applied on the top surface of the

pboard, the polymer shell enclosing the sensor and the compliant structure.

[0011] In some implementations of the present technology, the sensor
assembly further comprises at least one surface mounted technology (SMT)
component mounted on the board and operatively connected to the sensor; and
a cable extending from the at least one SMT component and adapted to

communicate measurements from the sensor to an external device.
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[0012] In some Implementations of the present technology, the at least
one SMT component comprises a converter adapted to convert the

measurements from the sensor into digital signals.

[0013] In some implementations of the present technology, the sensor
assembly further comprises comprising a polymer shell applied on the top
surface of the board, the polymer shell enclosing the at least one SMT

component, the sensor and the compliant structure.

[0014] In some Implementations of the present technology, the polymer

shell iIs an epoxy shell.

[0015] In some implementations of the present technology, the sensor

assembly further comprises a conductive cover applied on the polymer shell.

[0016] In some Implementations of the present technology, the

conductive cover comprises a layer of conductive Ink.

[0017] In some Implementations of the present technology, the
compliant structure fully covers all faces of the sensor other than the exposed
face of the sensor while allowing passages of electrical connections between

the sensor to the at least one SMT component.

[0018] In some Implementations of the present technology, electrical
connections between the at least one SMT component and the sensor each
comprise one or more elements selected from wire bonds, solder paste traces

on the board, conductive Ink traces on the board, and a combination thereof.

[0019] In some implementations of the present technology, the sensor
IS a pressure sensor comprising a sensing membrane exposed at least in part

to the aperture formed In the support structure.

[0020] In some implementations of the present technology, the sensor
assembly further comprises a layer of hydrophobic material disposed on the

sensing membrane.
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[0021] In some iImplementations of the present technology, the support

structure further comprises a stiffener mounted on a bottom surface of the board.

[0022] In some implementations of the present technology, the sensor
assembly further comprises a conductive cover, wherein: the stiffener is made
of a conductive material; and the stiffener 1s electrically connected to the

conductive cover.

[0023] In some Implementations of the present technology, the

conductive cover comprises a layer of conductive Ink.

[0024] In some implementations of the present technology, the stiffener

has a hook hole adapted for mating with a hook of an insertion device.

[0025] In some iImplementations of the present technology, the support
structure further comprises a cap enclosing the board, the compliant structure

and the sensor.

[0026] In some implementations of the present technology, the support
structure further comprises a stiffener mounted on a bottom surface of the board:;
the cap and the stiffener are each made of conductive material; and the stiffener

IS electrically connected to the cap.

[0027] In some implementations of the present technology, the cap
INncludes one or more holes providing access to a cavity formed between the top

surface of the board and the cap.

[0028] In some iImplementations of the present technology, the cavity
formed between the top surface of the board and the cap is filled at least Iin part

with a gel.

[0029] In some iImplementations of the present technology, the board
has a through aperture between its top surface and its bottom surface; and the
sensor IS mounted above the top surface of the board so that a bottom face of

the sensor is exposed at least Iin part to the through aperture of the board.
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[0030] In some Implementations of the present technology, the
compliant structure covers faces of the sensor other than the bottom face of the

sensor exposed to the through aperture of the board.

[0031] In some iImplementations of the present technology, the bottom
face of the sensor comprises a perimeter and a central area, the sensor being
mounted above the top surface of the board so that the central area of the
bottom face of the sensor is positioned above the through aperture of the board,;
and the compliant structure forms an interface between the perimeter of the
pbottom face of the sensor and the top surface of the board, the compliant

structure covering at least in part faces of the sensor other than the central area

of the bottom face of the sensor.

[0032] In some implementations of the present technology, the support
structure further comprises a stiffener mounted on the bottom surface of the

board.

[0033] In some implementations of the present technology, the stiffener
has a through aperture aligned with the through aperture of the board, whereby
the sensing membrane is exposed at least in part to the through aperture of the

stiffener.

[0034] In some implementations of the present technology, the stiffener

has a hook hole adapted for mating with a hook of an insertion device.

[00353] In some Implementations of the present technology, the sensor
assembly further comprises a conductive cover, wherein: the stiffener iIs made
of a conductive material; and the stiffener 1s electrically connected to the

conductive cover.

[0036] In some Implementations of the present technology, the

conductive cover comprises a layer of conductive Ink.

[0037] In some iImplementations of the present technology, the support

structure further comprises a cap enclosing the board, the compliant structure
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and the sensor.

[0038] In some Implementations of the present technology, the cap and
the stiffener are each made of conductive material; and the stiffener iIs

electrically connected to the cap.

[0039] In some Implementations of the present technology, the cap
Includes one or more holes providing access to a cavity formed between the top

surface of the board and the cap.

[0040] In some iImplementations of the present technology, the cavity
formed between the top surface of the board and the cap is filled at least in part

with a gel.

[0041] In some Implementations of the present technology, the sensor
assembly further comprises a cap enclosing the board, the compliant structure
and the sensor, the cap comprising a top aperture for exposing at least in part a

top surface of the sensor.

[0042] In some Implementations of the present technology, the sensor
assembly further comprises a stiffener mounted on a bottom surface of the

board.

[0043] In some Implementations of the present technology, the cap and
the stiffener are each made of conductive material; and the stiffener is

electrically connected to the cap.

[0044] In some implementations of the present technology, the cap
INncludes one or more holes providing access to a cavity formed between the top

surface of the board and the cap.

[0045] In some iImplementations of the present technology, the cavity
formed between the top surface of the board and the cap is filled at least Iin part

with a gel.

[0046] In another aspect, various implementations of the present
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technology provide an implantable sensor assembly, comprising: a board; a
sensor mounted on a top surface of the board; a polymer shell applied on the
top surface of the board, the polymer shell enclosing the sensor; a conductive
cover applied on the polymer shell; a stiffener made of a conductive maternal
and mounted on a bottom surface of the board;: and an electrical connection

between the stiffener and the conductive cover.

[0047] In some implementations of the present technology, the sensor
assembly further comprises at least one surface mounted technology (SMT)
component mounted on the board and operatively connected to the sensor; and

a cable extending from the at least one SMT component and adapted to

communicate measurements from the sensor to an external device.

[0048] In some implementations of the present technology, the at least
one SMT component comprises a converter adapted to convert the

measurements from the sensor into digital signals.

[0049] In some Implementations of the present technology, the at least

one SMT component is enclosed by the polymer shell.

[0050] In some implementations of the present technology, electrical
connections between the at least one SMT component and the sensor comprise
one or more elements selected from wire bonds, solder paste traces on the

board, conductive Ink traces on the board, and a combination thereof.

[0051] In some implementations of the present technology, the stiffener

has a hook hole adapted for mating with a hook of an insertion device.

[0052] In some Implementations of the present technology, the

conductive cover comprises a layer of conductive Ink.

[0053] In a further aspect, various implementations of the present
technology provide an implantable sensor assembly, comprising: a board; a

sensor mounted on a top surface of the board; a cap enclosing the board and

the sensor; and a stiffener mounted on a bottom surface of the board.
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[0054] In some Implementations of the present technology, the board

has a through aperture between its top surface and its bottom surface.

[0055] In some implementations of the present technology, the sensor
IS mounted above the top surface of the board; the stiffener has a through
aperture aligned with the through aperture of the board; and a sensing
membrane on a bottom face of the sensor of the sensor is exposed at least In

part to the through aperture of the board.

[0056] In some implementations of the present technology, the sensor
assembly further comprises a layer of hydrophobic material disposed on the

sensing membrane.

[0057] In some implementations of the present technology, the cap and
the stiffener are each made of conductive material; and the stiffener iIs

electrically connected to the cap.

[0058] In some implementations of the present technology, the cap
INncludes one or more holes providing access to a cavity formed between the top

surface of the board and the cap.

[0059] In some Implementations of the present technology, the cavity
formed between the top surface of the board and the cap is filled at least Iin part

with a gel.

[0060] In some implementations of the present technology, the sensor

assembly further comprises at least one surface mounted technology (SMT)

component mounted on the board and operatively connected to the sensor; and

a cable extending from the at least one SMT component and adapted to

communicate measurements from the sensor to an external device.

[0061] In some implementations of the present technology, the at least
one SMT component comprises a converter adapted to convert the

measurements from the sensor into digital signals.

[0062] In some iImplementations of the present technology, the at least
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one SMT component is enclosed by the cap.

[0063] In some Implementations of the present technology, electrical
connections between the at least one SMT component and the sensor comprise
one or more elements selected from wire bonds, solder paste traces on the

board, conductive Ink traces on the board, and a combination thereof.

[0064] In some Implementations of the present technology, the stiffener

has a hook hole adapted for mating with a hook of an insertion device.

[0065] The foregoing and other features will become more apparent
upon reading of the following non-restrictive description of illustrative

embodiments thereof, given by way of example only with reference to the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0066] Embodiments of the disclosure will be described by way of

example only with reference to the accompanying drawings, In which:

[0067] Figure 1 1s a top view of a system for installing a sensor
comprising a puncture device and a sensor assembly according to an

embodiment;

[00638] Figure 2 1S an enlarged left side cross-sectional view of a
puncturing end of the puncture device of Figure 1 having a sensor body installed

on an anchoring pin according to an embodiment;

[0069] Figure 3 Is a top plan view of an implantable sensor assembly

according to an embodiment;

[0070] Figure 4 1s a cross-sectional, side elevation view of the

Implantable sensor assembly of Figure 2 according to an embodiment;

[0071] Figure 5 Is a bottom plan of the implantable sensor assembly of

Figure 2 according to an embodiment;
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[0072] Figure 6 1s a detailed view of a compliant structure supporting a
sensor according to an embodiment;
[0073] Figure 7 1s a detalled view of surface mounted technology

(SMT) components mounted on a top surface of a board according to an

embodiment;

[0074] Figure 8 I1s a perspective view of the Implantable sensor
assembly and of a forward end of an insertion device, unassembled according

to an embodiment;

[0075] Figure 9 Is a perspective view of the implantable sensor

assembly and of the forward end of the insertion device, assembled according

to an embodiment;

[0076] Figure 10 Is a perspective, exploded view of a variant of the

Implantable sensor according to an embodiment; and

[0077] Figure 11 Is a perspective, exploded view of another variant of

the implantable sensor according to an embodiment.

[0078] Like numerals represent like features on the various drawings.
DETAILED DESCRIPTION

[0079] Various aspects of the present disclosure generally address one
or more of the problems caused by the exposure of implantable biocompatible

sensors to various physical conditions.

[0080] When implanted in a body, a sensor IS subject to various
conditions that might impact its measurement capabilities. Developers have
noted that the sensor and a supporting structure for the sensor may expand at
different rates as the temperature of the sensor and of its supporting structure Is
modified by insertion in the body. This may cause a stress on the sensor and
Impact its capability to measure parameters of the body. For example, a sensor

of a pressure In the area of insertion in the body might lose sensitivity as stresses
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caused by the different expansion rates for the sensor and for its supporting
structure might not be distinguishable from the actual pressure within the body.
In another example, a change of dielectric constant from before to after the

Insertion may adversely affect a measurement signal generated by the sensor.

[0081] In a first aspect, an implantable sensor assembly comprises a
sensor mounted on a board. Faces of the sensor that are not directly applied on
the board are covered by a compliant structure. As the sensor, the board and
other components of the sensor assembly react to a change of temperature
caused by the insertion of the sensor assembly In the body, causing a stress
that propagates throughout the sensor assembly, some degree of flexibility In

the compliant structure 1solates the sensor from this stress.

[0082] In a second aspect, external components of the sensor
assembly are made of conductive materials, including a top conductive cover
and a bottom conductive stiffener. The conductive cover and the stiffener are
electrically connected and thus form an electromagnetic shield surrounding the
sensor assembly. The conductive cover forms a Faraday-like shield that
minimizes a sensitivity of the sensor to variations in a dielectric constant of its
environment. A dielectric change would manifest as an offset between values
measured by the sensor assembly and true values. Although this
electromagnetic shield is not expected to form a perfect Faraday cage, parasitic
effects caused by chemical conditions In the body, that might otherwise impact
the sensitivity of the sensor, are substantially reduced or eliminated in certain

embodiments.

[0083] Additional details of the construction of the insertable sensor
assembly and of its various embodiments will be described In relation to the
following drawings. In the drawings, the term “forward end” refers to an end of
the sensor assembly that Is first inserted when In use and the term “rear end”
refers to an opposite end of the sensor assembly. The terms “upper’, “lower’,

‘top” and "bottom” are relative terms defined In relation to the drawings. The
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skilled reader will appreciate that, in use, the sensor assembly may be implanted
sideways or upside down In a body. Unless otherwise noted, the drawings are

not to scale.

[0084] Figure 1 1s a top view of a system for installing a sensor
comprising a puncture device and a sensor assembly, as disclosed by Harvey
in US 2020/0360050 A1. Figure 2 is an enlarged left side cross-sectional view
of a puncturing end of the puncture device of Figure 1 having a sensor body
Installed on an anchoring pin. Referring to Figures 1 and 2, a system 10 is
useable for installing a sensor under the skin of a body. In the illustrated
embodiment, the system 10 comprises a puncture device 20 and a sensor
assembly 40. The puncture device 20 comprises an elongated member 22
adapted to penetrate under a body's skin for installing a sensor 42. The
elongated member 22 has an upper surface 24 on which a sensor body 44 may
rest so that a cable 46 connecting the sensor 42 to an external module 48 of the
sensor assembly 40 is placed generally In parallel to the upper surface 24 of the
elongated member 22. A recess 26 Is dug In the upper surface 24 near a forward
end 28 of the elongated member 22. An anchoring pin 30 is located within the
recess 26 and iIs receilved In a cavity 50 of the sensor body 44 for securing the
sensor body 44 of the sensor assembly 40 onto the upper surface 24 of the
puncture device 20 prior to insertion of the assembly formed by the sensor body
44 and the forward end 28 of the elongated member 22 under the body's skin.
Following insertion, the anchoring pin 30 may be disengaged from the cavity 50
of the sensor body 44 by rotating the elongated member 22. The elongated
member 22 can then be pulled out from the body’s skin, leaving the sensor body
44 In place, with the cable 46 connecting the sensor 42 to the external module

48 of the sensor assembly 40.

[0085] Once the sensor body 44 is in place under the body’s skin, the
sensor 42 may provide measurements captured by the sensor assembly 40 to

the external module 48 via signals that propagate in the cable 46. The sensor
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42 IS exposed to various physical conditions that prevall in the body, for example
conditions of temperature, humidity, pressure, potential hydrogen (pH), and the
like. The sensor 42 may be adapted to measure one of these conditions, but

such measurements may be altered by the other of these conditions.

[0086] Figure 3 Is a top plan view of an implantable sensor assembly
according to an embodiment. Figure 4 Is a cross-sectional, side elevation view
of the implantable sensor assembly of Figure 2. The cross-section view of Figure
4 1s taken along lines A-A of Figure 3. Figure 5 is a bottom plan of the implantable
sensor assembly of Figure 2. Figure 6 I1s a detailed view of a compliant structure

supporting a sensor according to an embodiment.

[0087] Referring to Figures 3, 4, 5 and 6, an implantable sensor
assembly 100 comprises a support structure that includes for example a board
110, a polymer shell 150 and a stiffener 170. The sensor assembly 110 also
comprises a sensor 120 mounted on the board 110, a compliant structure 130
formed over the sensor 120, a plurality of surface mounted technology (SMT)
components 140. The polymer shell 150 may enclose the compliant structure
130 and the SMT components. A conductive cover 160 may be applied on the

polymer shell 150. The stiffener 170 may be mounted underneath the board 110.

[0088] The board 110, for example a printed circuit board (PCB) made
of polyimide, I1s generally shaped as an elongated rectangle. It includes a
through aperture 112 between its top surface 114 and its bottom surface 116.
The through aperture 112 may be circular, as shown in the non-limiting example
of Figure 5. The through aperture 112 is located near a forward-end 118 of the
board 110. The sensor 120 and the SMT components 140 are mounted on the
top surface 114 of the board 110. In particular, the sensor 120 has a bottom face
122 comprising a perimeter 124 and a central area 126 surrounded by the
perimeter 124. The perimeter 124 located on the bottom face 122 is positioned
slightly above the top surface 114 of the board so that the central area 126 of

the bottom face 122 of the sensor 120 Is positioned above the through aperture



WO 2021/142546 PCT/CA2021/050041

14

112 of the board 110 and Is exposed, at least Iin part, to the through aperture
112 of the board 110.

[0089] The compliant structure 130 Is formed of one or more materials
capable of elastic deformation. For example and without l[imitation, these
materials may have a durometer level in a range between 0 and 80 on the Shore
00 Hardness Scale, or in a range between 0 and 50 on the Shore A Hardness
Scale. Non-limiting examples of suitable materials include silicone gels, silicone
rubbers, silicone adhesives, hydrogels and sol-gels. The compliant structure 130
supports the sensor 120 above the top surface 114 of the board 110. To this
end, lips 132 of the compliant structure 130 extend between the perimeter 124
and the top surface 114 of the board 110 to form an interface between the
perimeter 124 and the top surface 114 of the board 110. The compliant structure
130 covers at least in part faces of the sensor 120 other than the central area
126 of the bottom face 122 of the sensor 120 that i1s exposed to the through
aperture 112.

[0090] The compliant structure 130 Is configured to maintain the sensor
120 In place on the board 110, over the through aperture 112, with sufficient
flexibility to isolate the sensor 120 from stresses present in the board 110 and
INn other parts of the sensor assembly 100. This flexibility is limited to prevent
excessive movement of the sensor 120 caused by pressures transmitted on its
pbottom face 122 via the through aperture 112, such movements, If present,
potentially affecting measurements provided by the sensor 120. The compliant
structure 130 Is also configured to decouple stresses that might otherwise be
transmitted to the sensor 120 from the sensor assembly 100 as a whole and,
particularly, from the polymer shell 150. VWhen fabricating the sensor assembly
100, a material of the compliant structure 130 is poured over the sensor 120 with
sufficient flowabllity to fully cover the sensor 120 before the formation of the

polymer shell 150.

[0091] In an embodiment, the compliant structure 130 Is constructed
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using at least two (2) distinct compounds In order to meet the above-mentioned
characteristics. The enlarged view of Figure 6 highlights that the compliant
structure 130 may comprise an upper portion 134 formed of a first compound
and a lower portion 136 formed of a second gel compound. In this embodiment,
the upper portion 134 i1s made of a first gel compound, for example and without
limitation a soft silicone gel such as a Gel-8251 from NuSil™, the first gel
compound having a first viscosity, and the lower portion 136 Is made of a second
gel compound, for example and without [imitation another soft silicone gel such
as a MED2-4013 from NuSil™ the second gel compound having a second

viscosity greater than the first viscosity.

[0092] In the embodiment of Figure 6, the upper portion 134 of the
structure 130 Is disposed on a top face 128 of the sensor 120. In this
embodiment, the upper portion 134 has a maximum thickness of about 0.2 mm.
The lower portion 136 of the structure 130 surrounds the sensor 120 and
extends between the upper portion 134 and the perimeter 124 of the bottom face
122 of the sensor 120. In the shown embodiment, the lips 132 are formed as
continuations of the lower portion 136. The compliant structure 130 may be fairly
thin In some areas, for example In areas 138 covering edges of the top face 128

of the sensor 120 where, In a non-limiting example, a minimum thickness of 0.1

mm should be preserved.

[0093] It may be noted that Figure 6 shows that a SMT component 144
IS partially enclosed by the compliant structure 130. This Is an effect of the
manufacturing process of the sensor assembly 100, in which the first and second
gel compounds are applied In a controlled manner that may not prevent
enclosing In part or in whole a component of the sensor assembly 100 that is
proximate to the sensor 120. The SMT component 144 is not floating but is
directly mounted on the top surface 114 of the board 110. Consequently, the
SMT component 144 is expected to remain in a fixed position through the useful

life of the sensor assembly 100.
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[0094] The polymer shell 150 is applied on the top surface 114 of the
pboard 110. The polymer shell 150 is initially applied as a liquid or viscous product
so that it may fully enclose the compliant structure 130, including the sensor 120,
and further enclose the SMT components 140 prior to hardening. The polymer
shell may for example and without limitation be formed of a biocompatible epoxy
such as LOCTITE-3894™ |n an embodiment, the compliant structure 130 fully
covers all faces of the sensor 120 other than the central area 126 of the bottom
face 122 of the sensor 120, other than providing for the passages of wire bonds
142 connecting the sensor 120 to at least one of the SMT components 140, In
order to prevent contact between the sensor 120 and the polymer shell 150. The
compliant structure 130 may nevertheless be constructed so that it does not flow
onto wire bonds (not shown) that connect the various SMT components 140 and

so that it does not coze beyond edges of the board 110.

[0095] Following insertion of the sensor assembly 100 in a body, the
pboard 100, the polymer shell 150, and other components of the sensor assembly
100 may react to the heat of the body and expand in one or more dimensions.
The compliant structure 130 provides some level of mechanical isolation
between the sensor 120 and the other components of the sensor assembly 100.
In this manner, stresses that could have been imposed on the sensor 120 by the
thermal expansion of the board 110 or of the other components of the sensor
assembly 100 are considerably reduced or even eliminated. Otherwise stated,
the compliant structure 130 may be understood as allowing the sensor 120 to
be floating within the sensor assembly 100. Of course, the viscosity of the first
and second gel compounds Is selected so that the sensor 120 only has a modest
level of freedom to float within the sensor assembly 100, this level of freedom

being sufficient to prevent the transfer of stress from the board 110 to the sensor
120.

[0096] The conductive cover 160 i1s applied on the polymer shell 150

and Is intended to form at least a partial Faraday-like shield to absorb some of
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the parasitic effects caused by chemical conditions Iin the body In which the
sensor assembly 100 Is Inserted, thereby preserving to some extent the
sensitivity of the sensor 120. The conductive cover 160 may comprise a layer of
conductive Ink, for example and without limitation a 125-26 conductive ink from
Creative Materials™ the conductive ink being applied on the polymer shell 150.
The conductive Ink may be thinned with methyl isobutyl ketone (MIBK) and spray

coated over the polymer shell 150 up to a 0.2 mm thickness.

[0097] The stiffener 170 is mounted on the bottom surface 116 of the
pboard 110. In the shown embodiment, a thin adhesive layer 172, for example a
layer of conductive epoxy, 1s used to attach the stiffener 170 to the board 110.
The stiffener 170 has a through aperture 174 that is substantially aligned with
the through aperture 112 of the board 110 so that the central area 126 of the
pbottom face 122 of the sensor 120, which Is exposed at least in part to the

through aperture 112 of the board 110, Is also exposed at least In part to the
through aperture 174 of the stiffener 170.

[0098] The above-described arrangement provides that the central
area 126 of the bottom face 122 of the sensor 120 Is at least in part externally
exposed from the sensor assembly 100 and is thus able to measure a physical
condition of the body, when Inserted. In an embodiment, the sensor 120 Is a
pressure sensor, for example micro-electro-mechanical systems (MEMS) device
such as a SCB10H-B012FB capacitive pressure sensor from Murata™. In a non-
limiting example, the sensor 120 may have an absolute pressure range of 650
to 900 mmHg with an accuracy of +/- 0.2 mmHg, a resolution of +/- 0.001 mmHg
and a temperature sensitivity of +0.02 mmHg/degree C. The pressure sensor
comprises a sensing membrane 127 substantially located in the central area 126
on its bottom face 122. Integration in the sensor assembly 100 of other types of
sensors for measuring various conditions such as pressure, temperature, pH,

blood flow, oxygen saturation and the like, may be contemplated.

[0099] In the same or another embodiment, the stiffener 170 may be
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made of a conductive material. Providing an electrical connection between the
stiffener 170 and the conductive cover 160 allows forming an enhanced
Faraday-like shield that may absorb most of the parasitic effects caused by
chemical conditions in the body in which the sensor assembly 100 is inserted.
Such electrical connection may be realized at various points of the sensor
assembly 100 by ensuring that the conductive cover 160 reaches the stiffener
170, for example on a lateral side 102 (Figure 3) of the sensor assembly 100 or
on a forward end 162 of the conductive cover 160 (Figure 4). Various other
locations for establishing an electrical contact between the conductive cover 160

and the stiffener 170 may be contemplated.

[00100] Generally speaking, the sensor assembly 100 is sized for
iInsertion under the skin of a patient, for acquiring measurements from a body
part of the patient. In the non-limiting embodiment of Figures 3, 4 and 5, an
overall width ‘W of the sensor assembly 100 does not exceed about 1.9 mm, an
overall height ‘H of the sensor assembly 100 does not exceed about 1.8 mm,
and an overall length 'L of the sensor assembly as measured from a rear-end
of the polymer shell 150 to a forward-end of the stiffener 170 does not exceed

about 14.0 mm.

[00101] Figure 7 1s a detalled view of surface mounted technology
(SMT) components mounted on a top surface of a board according to an
embodiment. Notches 119 are provided on both sides the board 110. These
notches 119 are filled when the polymer shell 150 is formed by the application
of the liquid or viscous product. At least one SMT component 140 is operatively
connected to the sensor 120. As illustrated on Figure 4, one such component is
a converter 146 that is directly connected to the sensor 120 via the wire bonds
142. The converter 146 converts measurement from the sensor 120 into digital
signals that are communicated from the sensor assembly 100 to an external
device (for example the external module 48 of Figure 1) via a cable 148 (Figures

3 and 9). The converter 146 may be an application-specific integrated circuit
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(ASIC). In the particular example in which the SCB10H-B012FB capacitive
pressure sensor is used, the converter 146 may be a PCap04™ capacitance-to
digital converter from AMS AG. Some of the other SMT components 140
process the digital signals from the converter 146 for their transmission via the
cable 148. Processes performed by the various SMT components 140 may
Include, without Ilimitation, filtering, buffering, digital signal processing,
temperature compensation, and amplifying of the digital signals. In an
embodiment, the measurement from the sensor 120 may be converted to digital
form using a delta sigma modulator. In the same or another embodiment, the
converter 146 may store calibration coefficients that are used to convert the
measurement from the sensor 120to a pressure value, the calibration
coefficients being determined during calibration by performing a polynomial fit of

the capacitive pressure sensor as a function of pressure and temperature.

[00102] The stiffener 170 includes a hook hole 176 allowing to connect
the sensor assembly 100 to an insertion device. Figure 8 Is a perspective view
of the implantable sensor assembly and of a forward end of an insertion device,
unassembled. Figure 9 Is a perspective view of the implantable sensor assembly
and of the forward end of the insertion device, assembled. Considering Figures
3 and 9, an Insertion device 200 having an elongated member 202 1s an
evolution of the puncture device 20 introduced In the foregoing description of
Figures 1 and 2. Only a forward end of the elongated member 202 is shown on
Figures 8 and 9. The elongated member 202 terminates at a puncturing end 204
for puncturing skin to allow insertion of the sensor assembly 100 in a body. The
elongated member 202 also includes a recess 206 adapted for receiving the
sensor assembly 100 prior to insertion In the body. A forward facing hook 208
protrudes from the recess 206 and Is sized, positioned and configured for being
iInserted In the hook hole 176 of the stiffener 170 when the sensor assembly 100
IS recelved In the recess 206 of the insertion device 200. The mating of the hook
208 and of the hook hole 176 provides for maintaining a connection of the sensor

assembly 100 and of the insertion device 200 when assembled, the cable 148
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along a length of the elongated member 202. After insertion of the sensor
assembly 100 and of the forward end of the insertion device 200 in the body, the
sensor assembly 100 may be disengaged from the insertion device 200 by

rotating the insertion device 200.

[00103] Without limitation, the sensor assembly 100 and the insertion
device 200 may be integrated in the system of Figure 1. The sensor assembly
100 and the insertion device 200 may otherwise be combined with other systems

and used In distinct applications.

[00104] Figure 10 Is a perspective, exploded view of a variant of the
Implantable sensor according to an embodiment. In this embodiment, the
polymer shell 150, which is part of the support structure for the sensor assembly
100, and the conductive cover 160 applied on the polymer shell 150 are replaced
by a rigid cap 210 that fits on the board 110 over the sensor 120, the converter
146 and the SMT components 140. The cap 210 makes contact with the stiffener
170 to complete the support structure with the board 110. The cap 210 and the
stiffener 170 may be permanently attached to one another, for example by seam

welding, laser welding, or ultrasonic welding.

[00105] In an embodiment of the sensor assembly 100, the cap 210 may
have one or more holes 212. These holes 212 may optionally be used to inject
a predetermined amount of a gel compound to fill at least in part a cavity formed
pbetween the cap 210 and the top surface 114 of the board 110, which would be
filled by the polymer shell 150 in the embodiment of as shown on Figure 4. The
cavity, which 1s not shown on Figure 10, has the same or equivalent shape as

that of the polymer shell 150 of Figure 4.

[00106] The cap 210 and the stiffener 170 may be made of conductive
materials so that the enclosure formed thereby becomes another Faraday-like
shield that minimizes the sensitivity of the sensor to variations In the dielectric

constant of its environment.

[00107] The cap 210 may be manufactured, for example, by a low-cost,
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high-speed process, for example using a stamping process. The cap 210 may
thus replace the combination of the polymer shell 150 and of the conductive
cover 160 while increasing manufacturability, uniformity, and yield of the sensor

assembly 100.

[00108] An embodiment of the sensor assembly 100 that includes the
cap 210 provides added flexibility in the manner Iin which the sensor 120 Is
mounted on the board 110. For example, the sensor 120 may be mounted on
the board 110 in the same manner as illustrated in Figure 6, with the sensing
membrane 127 facing down, positioned above the through apertures 112 and
174 of the board 110 and of the stiffener 170 and thus exposed to the external
environment. Alternatively, as shown on Figure 11, which Is a perspective,
exploded view of another variant of the implantable sensor according to an
embodiment, the sensor 120 may be mounted with the sensing membrane 127
facing up, away from the board 110, the sensing membrane 127 being thus
disposed on the top face of the sensor 120. Also In the embodiment of Figure
11, the through apertures 112 and 174 of the board 110 and of the stiffener 1/0
may be omitted and another top aperture 214 may be made Iin the cap 210 to

expose the sensing membrane 127 to the external environment.

[00109] In an embodiment, electrical connections between the sensor
120 and traces on the board 110 for connection to the SMT components 140
may be made using solder paste on the board 110, obviating the need for at
least some of the wire bonds 142 and allowing for a reduction in the height of
the rigid cap 210. In another embodiment, an electrically conductive ink traces
may be used instead of the solder paste traces. In comparison with solder paste,
the conductive Ink Is softer and has a lower temperature coefficient of expansion,
reducing thermal stresses that may be transmitted to the sensor 120. Use of a
combination of the wire bonds 142, solder paste traces and electrically
conductive ink traces for connecting the various SMT components 140 to the

sensor 120 is also contemplated.
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[00110] In the embodiment of Figure 10, In which the sensor 120 Is
mounted with the sensing membrane 127 facing down, the through aperture 112
or 174 may form a volume in which air bubbles may be trapped when the sensor
assembly 110 is inserted into the body. In the embodiment of Figure 11, in which
the sensor 120 i1s mounted with the sensing membrane 127 facing up (i.e. on
the top face of the sensor 12), the rigid cap 210 may be configured to be flush
with the sensing membrane 127 In order to avoid presence of such a volume
and to prevent the formation of air bubbles when the sensor assembly 110 iIs
iInserted into the body. As such, the lips 132 of the compliant structure 130 may
extend along a periphery of the top aperture 214 of the cap 210 and along a
periphery of the sensing membrane 127 disposed on the top face of the sensor
120, the portions 134 and 136 being disposed In a reverse orientation from that
shown on Figure 6. In a variant of the configuration illustrated on Figure 11, the
upper and lower portions 134 and 136 of the compliant structure 130 may be
replaced with a single gel compound. In this variant, the cavity formed by the
cap 210, the board 110 and the stiffener 170 may be filled with a single gel, the
lips 132 of the compliant structure 130 being used to provide an interface

between the sensor 120 and the cap 210.

[00111] In an embodiment of the sensor assembly 100, the sensing
membrane 127 of the sensor 120 may be protected from the dielectric
environment by adding a layer of hydrophobic material 129 disposed upon the
sensing membrane 127. The hydrophobic material may serve as a barrier to
prevent water ingress into the sensor 120 while maintaining a stable value for
the dielectric constant at the sensing membrane 127, despite variations in the
dielectric constant of the medium into which the sensor 120 Is inserted. In one
embodiment, the hydrophobic material may for example and without limitation
be parylene or a Gel 8251. In another embodiment, the layer of hydrophobic
material 129 may comprise a multilayer coating with plural layers of a polymer
and of a dielectric material. For example and without limitation, the multilayer

coating may comprise one or more parylene C polymer layers and one or more
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silicon oxide dielectric layers that may be deposited using chemical vapor
deposition. On the one hand, while the high molecular density silicon oxide
dielectric layer(s) may have lower permeabllity, they may increase internal
stress formation. On the other hand, the parylene C polymer layer(s) may act as
stress-relieving layer(s) while having higher permeability. The multilayer coating
that combines layers of both materials may at once provide low stress and low

permeability coating on the sensing membrane 127.

[00112] Some applications may use an implantable sensor that, while
not particularly impacted by temperature variations, may still benefit from
protection against parasitic effects caused by chemical conditions in the body.
Embodiments of the sensor assembly 100 may Iinclude the sensor 120 being
mounted on the top surface 114 of the board 110, without the compliant structure
130. The sensor 120 may be directly mounted to the top surface 114 of the board
110 or may be mounted indirectly, in a manner that does not allow the sensor
120 to float. As an example, the sensor 120 may itself be an SMT component
and be bonded directly to the board 110, being connected to the other SMT
components 140 without the use of wire bonds 142. In embodiments without the
compliant structure 130, the sensor assembly 100 comprises the stiffener 170,
as well as either the polymer shell 150 applied on the top surface of the board
and the conductive cover 160 applied on the polymer shell 150, or the cap 210
mounted onto the board 110, so that the polymer shell 150 or the cap 170
encloses the sensor 120. In one such embodiment, the board 110 and the
stiffener 170 may respectively include the through apertures 112 and 174 to
allow exposure of the bottom face 122 of the sensor 120. In the same or another
such embodiment, the sensor assembly 100 may include the SMT components
140, for example the converter 146, and the cable 148. In the same or another
embodiment, the stiffener 170 is made of a conductive material and is electrically
connected to the conductive cover 160 or to the cap 210 to form a Faraday-like
shield that may absorb most of the parasitic effects caused by chemical

conditions In the body In which the sensor assembly 100 Is inserted.
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Examples

[00113] Measurements were obtained using a conventional pressure
sensor and a pressure sensor mounted In the compliant structure 130. Long-
term drift over a period of more than 25 hours was measured at about 9 mmHg
when using the conventional pressure sensor, compared to about 2 mmHg when

using the sensor 120 mounted in the compliant structure 130.

[00114] Other measurements were obtained using a conventional
pressure sensor and a pressure sensor enclosed within the conductive cover
forming the Faraday-like shield. In deionized water, the absence of the
conductive cover introduced an offset of 14 mmHg in the measured value. After
addition of the conductive cover, the pressure was within the measurement

tolerance.

[00115] Those of ordinary skill in the art will realize that the description
of the implantable sensor assembly is illustrative only and are not intended to
be in any way limiting. Other embodiments will readily suggest themselves to
such persons with ordinary skill in the art having the benefit of the present
disclosure. Furthermore, the disclosed implantable sensor assembly may be
customized to offer valuable solutions to existing needs and problems related to
the exposure of implantable biocompatible sensors to various physical
conditions. In the Interest of clarity, not all of the routine features of the
Implementations of the implantable sensor assembly are shown and described.
In particular, combinations of features are not limited to those presented In the
foregoing description as combinations of elements listed in the appended claims
form an integral part of the present disclosure. It will, of course, be appreciated
that In the development of any such actual implementation of the implantable
sensor assembly, numerous implementation-specific decisions may need to be
made In order to achieve the developers specific goals, such as complia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>