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MATERIALS AND METHODS FOR
INSULATING ELECTRONIC COMPONENTS
AND SERVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/396,097, filed May 20, 2010.

FIELD OF THE PRESENT INVENTION

[0002] The present invention relates generally to methods
for insulating electronic components and devices. More par-
ticularly, but not by way of limitation, the invention relates to
materials and methods for insulating active and passive elec-
tronic components and devices, whereby the electronic com-
ponents and devices are suitable for prolonged direct body
fluid exposure.

BACKGROUND OF THE INVENTION

[0003] Inmedical diagnosis and treatment of a living body,
it is often necessary to measure and/or monitor one or more
physiological characteristics associated with the body. As is
well known in the art, several significant physiological char-
acteristics are assessed via one or more pressures within the
body.

[0004] Various electronic systems and devices have thus
been developed to measure and/or monitor pressures within a
body. The noted systems and devices include various external
and internal (i.e. implantable) pressure sensor systems and
devices. Examples of pressure sensor applications include,
without limitation, cerebro-spinal fluid pressure, intracranial
pressure, intraocular pressure, intratracheal or respiratory
pressure, arterial pressure, and urinary bladder pressure.
[0005]  As is well known in the art, MEMS pressure sensors
are particularly usefully for measuring and/or monitoring
pressures within a body; particularly, within organs or sys-
tems in the body. Illustrative are the MEMS pressure sensor
systems and devices disclosed in Co-Pending application Ser.
Nos. 12/655,405 and 12/799,752; which are incorporated by
reference herein in their entirety.

[0006] As is also well known in the art, most implantable
pressure sensor systems and devices; particularly, MEMS
systems and devices, require absolute hermeticity to provide
reliable and consistent functionality during prolonged pres-
sure measurement and/or monitoring. Various systems and
methods have thus been developed to hermetically seal pres-
sure sensor systems and devices and, hence, electronic com-
ponents contained therein.

[0007] Inthe MEMS pressure sensor systems and devices
disclosed in Co-Pending application Ser. Nos. 12/655,405
and 12/799,752, a totally hermetic seal (i.e. titanium metal
and ceramic feed-through) is provided, which prevents mois-
ture (even in a monomolecular state) from diffusing through
the sensor membrane or housing and ultimately degrading the
performance of the MEMS pressure sensor.

[0008] Various additional methods have also been
employed to hermetically seal electronic components that are
employed to construct implantable systems and devices. Such
methods include coating selective electronic components
with an adjunct sealant, such as a polymeric material. Exem-
plar polymeric materials include polyethylene, polyvinyl-
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chloride, polyimide, epoxy and polyurethane. Illustrative are
the methods disclosed in U.S. Pat. Pub. Nos. 2008/0242768
and 2009/0305062.

[0009] There are, however, several drawbacks and disad-
vantages associated with coating electronic components of
implantable systems and devices with conventional adjunct
sealants, such as a polymeric material. Among the drawbacks
and disadvantages are poor and/or degradation of adhesion
and permeability of some adjunct sealants. Thus, over
extended periods of time, moisture can and, in many
instances, will still penetrate through most, if not all, conven-
tional adjunct sealants and eventually degrade the perfor-
mance and/or functionality of any electronic component
coated therewith.

[0010] Further, adjunct sealants and coatings typically have
a different thermal coefficient of expansion as the coated
electronic component. Thus, after exposure to multiple tem-
perature excursions or simply after an extended period of
time, the adhesion of an adjunct sealant to an electronic
component starts to break down.

[0011] Additional drawbacks associated with coating elec-
tronic components with conventional adjunct sealants stem
from the notion that adding an adjunct sealant on an electronic
component will allow the component to maintain a high level
of functionality in the presence of body fluids.

[0012] As is well known in the art, body fluid is an
extremely corrosive and conductive medium. There are many
dissolved minerals in body fluid, including salt and potas-
sium, which readily conduct electricity in their ionic state.
[0013] One of the most common and severe failure of elec-
tronic components exposed to bodily fluids thus results from
a process known as metal migration, whisker formation or
dendritic growth. In the presence of moisture; particularly, a
body fluid, metal migration or dendritic growth often occurs;
particularly, in areas of opposite polarity on an electronic
component, e.g., a capacitor. Such metal migration or den-
dritic growth can, and in many instances will, lead to either
immediate or latent catastrophic failure ofthe electronic com-
ponent and device associated therewith.

[0014] It wouldthus be a significant advancement in the art
to provide implantable passive and active electronic compo-
nents and devices that are suitable for prolonged direct body
fluid exposure.

[0015] It would also be desirable to provide implantable
pressure sensors, and associated systems and methods, which
provide accurate and stable sensor output over extended peri-
ods of time.

[0016] It is therefore an object of the present invention to
provide materials and methods for insulating implantable
passive and active electronic components and devices,
whereby the electronic components and devices are suitable
for prolonged direct body fluid exposure.

[0017] It is another object of the present invention to pro-
vide implantable medical systems and devices that are suit-
able for prolonged direct body fluid exposure.

SUMMARY OF THE INVENTION

[0018] Inaccordance with the above objects and those that
will be mentioned and will become apparent below, the
method for insulating an electronic component generally
comprises substantially fully encapsulating the electronic
component with an electrically insulating pouch, the electri-
cally insulating pouch comprising a first protective layer and
asecond electrically insulating layer, the first protective layer
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comprising the flexible polymeric material, the second elec-
trically insulating layer comprising the parylene layer.
[0019] In certain embodiments, the electrically insulating
pouch includes encasement means.

[0020] In certain embodiments, the flexible polymeric
material also comprises an electrically insulating layer.
[0021] In certain embodiments, the flexible polymeric
material comprises a flexible polymeric gel.

[0022] In certain embodiments, the flexible polymeric gel
comprises silicone.

[0023] 1In certain embodiments, the minimum thickness of
the flexible polymeric material is in the range of approxi-
mately 10-500 microns.

[0024] 1In certain embodiments, the maximum thickness of
the flexible polymeric material is in the range of approxi-
mately 50-1000 microns.

[0025] Incertain embodiments, the thickness of the electri-
cally insulating layer is in the range of approximately 1-10
microns.

[0026] In accordance with another embodiment of the
invention, there is provided an implantable electronic com-
ponent that is suitable for prolonged direct body fluid contact,
the electronic component including an electrically insulating
pouch, the insulating pouch substantially fully encapsulating
the electronic component, the insulating pouch comprising a
first protective layer and a second electrically insulating layer,
the first protective layer comprising the flexible polymeric
material, the second electrically insulating layer comprising
the parylene layer.

[0027] In accordance with another embodiment of the
invention, there is provided a pressure sensor system com-
prising a sensor assembly having (i) at least one MEMS
pressure sensor having a pressure sensing element that is
adapted to generate a capacitance variation signal in response
to exposed pressure, (i) an application-specific integrated
circuit (ASIC) that is adapted to generate a pressure signal
with the capacitance variation signal, the pressure signal
being representative of the exposed pressure, and (iii) net-
work circuitry in communication with the MEMS sensor and
the ASIC, the MEMS sensor, ASIC and at least a portion of
said circuitry being substantially fully encapsulated with an
electrically insulating pouch, the insulating pouch compris-
ing a first protective layer and a second electrically insulating
layer, the first protective layer comprising the flexible poly-
meric material, the second electrically insulating layer com-
prising the parylene layer.

[0028] In certain embodiments of the invention, the pres-
sure sensor system includes (i) a temperature compensation
system that is adapted to correct for temperature induced
variations in the pressure sensor signal, (ii) a drift compen-
sation system that is adapted to correct for pressure and tem-
perature induced drift of the pressure sensor signal, and (iii) a
pressure conipensation system that is adapted to correct for
variations in measured pressures of the MEMS pressure sen-
sor and atmospheric pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Further features and advantages will become appar-
ent from the following and more particular description of the
preferred embodiments of the invention, as illustrated in the
accompanying drawings, and in which like referenced char-
acters generally refer to the same parts or elements through-
out the views, and in which:
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[0030] FIG. 1 is a schematic, cross-sectional view of a
MEMS pressure sensor module, an ASIC Module and elec-
tronic circuitry therebetween, the MEMS pressure sensor
module, ASIC Module and electronic circuitry being substan-
tially fully encapsulated with one embodiment of an electri-
cally insulating pouch, in accordance with the invention;
[0031] FIG. 2 is another schematic, cross-sectional view of
the MEMS pressure sensor module, ASIC Module and elec-
tronic circuitry, wherein the MEMS pressure sensor module,
ASIC Module and electronic circuitry are substantially fully
encapsulated with another embodiment of an electrically
insulating pouch, in accordance with the invention;

[0032] FIG. 3 is a partial cross-sectional, front plane view
of one embodiment of an improved pressure sensor, in accor-
dance with one embodiment of the invention; and

[0033] FIG. 4 is a cross-sectional, front plane view of one
embodiment of a MEMS pressure sensor, according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Before describing the present invention in detail, it
is to be understood that this invention is not limited to par-
ticularly exemplified apparatus, systems, materials, struc-
tures or methods, as such may, of course, vary. Thus, although
a number of apparatus, systems, materials, structures and
methods similar or equivalent to those described herein can
be used in the practice of the present invention, the preferred
apparatus, systems, materials, structures and methods are
described herein.

[0035] It is also to be understood that the invention is not
limited to any particular application used herein in connec-
tion with a described embodiment of the invention.

[0036] Further, the terminology used herein is for the pur-
pose of describing particular embodiments of the invention
only and is not intended to be limiting.

[0037] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one having ordinary skill in the art to which the
invention pertains.

[0038] Where a range of values is provided, it is to be
understood that each intervening value, to the tenth of a unit
of the lower limit unless the context clearly dictates other-
wise, between the upper and lower limit of that range and any
other stated or intervening value in that stated range, falls
within the scope of the invention. The upper and lower limits
of these smaller ranges may independently be included in the
smaller ranges and also fall within the scope of the invention,
subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits also
fall within the scope of the invention.

[0039] As used in this specification and the appended
claims, the singular forms “a”, “an” and “the” include plural
referents unless the content clearly dictates otherwise. As
such, this statement is intended to serve as antecedent basis
for use of such exclusive terminology as “solely”, “only” and
the like in connection with the recitation of claim elements, or
use of a “negative” limitation.

[0040] Further, all publications, patents and patent applica-
tions cited herein, whether supra or infta, are hereby incor-
porated by reference in their entirety.

[0041] The publications, patents and published patent
applications discussed herein are provided solely for their
disclosure prior to the filing date of the present application.
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Nothing herein is to be construed as an admission that the
present invention is not entitled to antedate such publications,
patents and published patent applications by virtue of prior
invention.

DEFINITIONS

[0042] The term “a volume™, as used herein, means any
space, chamber, cavity, substance, tissue, area or the like.
[0043] The term “physiologic”, as used herein, means that
in certain embodiments of the invention, the pressure sensors
(and associated systems), which are described in detail below,
are configured (e.g., shaped, dimensioned, etc.) so that they
can be positioned in or on a body of a living organism, e.g., a
human.

[0044] The terms “substantially fully encapsulating” and
“substantially fully covering” are used interchangeably
herein and mean a layer or layers or a pouch that covers at
least a substantial portion of one or more electrical compo-
nents and/or a circuit associated therewith.

[0045] The term “significantly reduced functionality”, as
used in connection with an electronic component or device,
means that the functionality or sensitivity of the electronic
component or device is not reduced more than approximately
30%.

[0046] The term “body”, as used herein, means and
includes the body of a human and/or animal.

[0047] The following disclosure is provided to further
explain in an enabling fashion the best modes of performing
one or more embodiments of the present invention. The dis-
closure is further offered to enhance an understanding and
appreciation for the inventive principles and advantages
thereof, rather than to limit in any manner the invention. The
invention is defined solely by the appended claims including
any amendments made during the pendency of this applica-
tion and all equivalents of those claims as issued.

[0048] As summarized above, in certain embodiments, the
present invention comprises materials and methods for insu-
lating implantable passive and active electronic components
and devices, whereby the electronic components and devices
are suitable for prolonged direct body fluid exposure. In cer-
tain embodiments, the invention comprises implantable pres-
sure sensors, and associated systems and methods, which
provide an accurate and stable sensor output under varying in
vivo and ambient conditions, and during prolonged direct
body fluid exposure.

[0049] Ttisto be understood that although the materials and
methods for insulating implantable passive and active elec-
tronic components and devices, in accordance with the inven-
tion, are illustrated and described in connection with selective
electronic components, and pressure sensor systems and
devices, it is emphasized that the materials and methods of the
invention are not limited to the illustrated components, sys-
tems and devices. Indeed, as will readily be appreciated by
one having ordinary skill in the art, the materials and methods
of the invention are readily applicable to virtually all elec-
tronic components, including passive and active electronic
network components, and electronic systems and devices,
including medical instruments.

[0050] As discussed in detail below, in certain embodi-
ments, the electronic component includes an electrically
insulating pouch that substantially fully encapsulates the
electronic component. In certain embodiments, the electri-
cally insulating pouch fully encapsulates the electronic com-
ponent.
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[0051] In certain embodiments, the insulating pouch com-
prises a first protective layer and a second electrically insu-
lating layer.

[0052] According to the invention, the protective layer can
impart physical protection, chemical protection or the like. In
certain embodiments, the protective layer also imparts elec-
trical insulation.

[0053] In certain embodiments, the first protective layer
comprises a compliant (or flexible) polymeric gel, e.g. sili-
cone gel, having appropriate medical grade and purity.
According to the invention, the polymeric gel preferably has
alow solvent content to provide for thorough curing, whereby
optimum dimensional stability is achieved.

[0054] According to the invention, the outer surface of the
polymeric gel provides a wide surface for the application of
an electrically insulating layer thereon. According to the
invention, the resultant large diaphragm area can be (an)
order(s) of magnitude greater than the component, such as the
diaphragm area of a pressure sensor; requiring much less
force to displace than would be required for a small diameter
coating applied directly to the sensor.

[0055] According to the invention, multiple electronic
components and/or circuitry associated therewith can be
encapsulated with the electrically insulating pouches of the
invention.

[0056] Referring now to FIG. 1, there is shown an elec-
tronic network of a pressure sensor system of the invention.
As illustrated in FIG. 1, and discussed in detail below, the
sensor network includes a MEMS sensor module 30, having
a MEMS pressure sensor 32 associated therewith, an appli-
cation-specific integrated circuit (ASIC) module 40, and
associated circuitry 21, i.e. a pressure sensitive capacitor die
wire.

[0057] As further illustrated in FIG. 1, in accordance with
certain embodiments of the invention, the electronic compo-
nents, i.e. MEMS pressure sensor module 30 and ACIS mod-
ule, and at least a portion of the circuitry 21 are fully encap-
sulated with an electrically insulating pouch 3, whereby the
noted electronic components can be exposed to body fluids
for prolonged periods without exhibiting significantly
reduced functionality.

[0058] Incertain embodiments, the electronic components,
i.e. MEMS pressure sensor module 30 and ACIS module, and
at least a portion of the circuitry 21 are substantially fully
encapsulated with the electrically insulating pouch 3.

[0059] In a preferred embodiment of the invention, the
insulating pouch 3 comprises a first protective layer 7 and a
second electrically insulating layer 5.

[0060] In certain embodiments, the protective layer 7 also
comprises an electrically insulating layer.

[0061] Incertain embodiments, the protective layer 7 com-
prises a flexible polymeric material.

[0062] Incertain embodiment, the flexible polymeric mate-
rial comprises a flexible polymeric gel.

[0063] In certain embodiments, the flexible polymeric
material comprises a silicone gel.

[0064] In certain embodiments, the flexible polymeric
material comprises a thermally molded Supersoft® material
from Polygel, Inc. (Whippany, N.J.).

[0065] In a preferred embodiment of the invention, the
protective layer 7 is initially applied to or over the electronic
components and preferably cured thoroughly to assure
dimensional stability. After the protective layer 7 is
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adequately cured, the electrically insulating layer 5, i.e.
parylene, is applied over the base protective layer 7.

[0066] According to the invention, various conventional
means can be employed to form or apply the protective layer
7 to the electronic components 30, 40 and circuitry 21. Suit-
able conventional means include dip coating, molding, laser
and etching treatments, spraying, or the like.

[0067] Various conventional means can also be employed
to apply the electrically insulating layer 5 to or over the
protective layer 7. Suitable conventional means include ion-
beam deposition, sputtering, dip coating, molding, and laser
and etching treatments, and vapor deposition.

[0068] Incertain embodiments of the invention, the electri-
cally insulating pouch 3 includes encasement means 9, as
illustrated in FIG. 2. According to the invention, the encase-
ment means provides a substantially rigid border for the pro-
tective layer 7 and electrically insulating layer 5, whereby the
structural integrity of the pouch 3 is enhanced.

[0069] According to the invention, the encasement means 9
can comprise various convention materials, including, with-
out limitation, polymeric and ceramic materials. The encase-
ment means can also comprise suitable metals, such as tita-
nium.

[0070] In certain embodiments of the invention, the mini-
mum thickness of the protective layer 7 is preferably in the
range of approximately 10-500 microns, more preferably, in
the range of approximately 50-200 microns.

[0071] In certain embodiments of the invention, the maxi-
mum thickness of the protective layer 7 is preferably in the
range of approximately 50-1000 microns, more preferably, in
the range of approximately 100-750 microns.

[0072] In certain embodiments of the invention, the thick-
ness of the electrically insulating layer 5 is preferably in the
range of approximately 1-10 microns, more preferably, in the
range of approximately 2-7 microns.

[0073] Asdiscussed in detail below, according to the inven-
tion, the electrically insulating pouch 3 can also be applied to
or disposed over the entire structure, including either a rigid
body or circuit board on which a coil or antenna has been
mounted or to a flexible circuit on which the coil or antenna
has been mounted. Thus, the entire pressure sensor system,
including the pressure module 30, ASIC module 40, and the
transmitting/receiving coil can be formed and provided with
a moisture proof and protective pouch without significantly
diminishing the sensitivity of the pressure sensor.

[0074] The improved pressure sensors and associated sys-
tems of the invention will now be described in detail. In
certain embodiments of the invention, the pressure sensors
and associated systems include the systems, components, and
functions of the pressure sensors and associated systems dis-
closed in Co-Pending application Ser. Nos. 12/655,405 and
12/799,752, which, as indicated above, are expressly incor-
porated by reference herein in their entirety.

[0075] Basic pressure sensor operation and telemetry
means are also disclosed in U.S. Pat. Nos. 4,186,079, 5,325,
865, 6,113,553, 6,285,899, 6,454,720, 6,558,336, 6,731,976
and 6,692,446; each of which is similarly incorporated by
reference therein in its entirety.

[0076] The pressure sensors of the invention are designed
and particularly adapted to accurately measure pressure in a
volume over extended periods of time. As indicated above, “a
volume”, as used herein, means any space, chamber, cavity,
substance, tissue, area or the like. In connection with the
pressure sensor embodiments, and associated systems and
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methods described herein, a volume comprises a chamber of
a human body, such as a cranial cavity, but this is only one
example of a volume, and the invention is in no way limited to
such a chamber. According to the invention, “‘a volume” can
also comprise a space, chamber, cavity or the like that is not
in a human body.

[0077] The pressure sensors of the invention can also be
employed in a wide variety of non-medical contexts. There-
fore, although the following discussion generally focuses on
measuring pressure in cavities and chambers in a human
body, the invention is in no way limited to such application.
[0078] As will readily be appreciated by one having ordi-
nary skill in the art, the pressure sensors, and associated
systems and methods of invention, provide several significant
advantages compared to prior art pressure sensors and meth-
ods. A significant feature and, hence, advantage of the pres-
sure sensors of theinvention is that they provide very accurate
and stable outputs; particularly, when exposed to body fluids.
The pressure sensors can thus be positioned in (or on) a body
for predetermined periods of time, without significant, if any,
functional deterioration.

[0079] As set forth in the noted Co-Pending application,
base pressure sensors generally include a housing or case, a
pressure sensing system, power supply means (or an energy
source), and communication means. The pressure sensors
also preferably include a temperature and/or drift compensa-
tion system.

[0080] In certain embodiments of the invention, the pres-
sure sensor systems of the invention additionally include a
pressure compensation system.

[0081] In certain embodiments of the invention, the pres-
sure sensing systems include at least a first MEMS pressure
sensor, which is disposed in the sensor housing. In certain
embodiments, the pressure sensing systems include at least
two MEMS pressure sensors; at least one MEMS pressure
sensor being disposed in the sensor housing and at least one
MEMS pressure sensor being disposed at an external posi-
tion, e.g., at the end of a coupled cable or an external reader.

[0082] Incertain embodiments of the invention, the sensor
housing is adapted to securely position at least one MEMS
pressure sensor, and associated components, modules and
circuitry, within the sensor housing. In certain embodiments,
the housing is further designed and adapted to facilitate place-
ment of the pressure sensor in or on a subject’s body.

[0083] In certain embodiments of the invention, the com-
munication means includes a communication network or
link. In certain embodiments, the communication link com-
prises a wireless link, i.e. telemetric pressure sensors. In
certain embodiments, the communication link comprises
conductive wires or similar direct communication means.

[0084] In certain embodiments of the invention, the pres-
sure sensors also include at least one additional sensor, pref-
erably, a MEMS sensor. According to the invention, the addi-
tional sensor can include, without limitation, a temperature
sensor, pQ, sensor, pCO, sensor, and SpQ, sensor.

[0085] Incertain embodiments, the pressure sensors of the
invention employ selected materials (and associated process-
ing means) and a unique component configuration, which
impart a low drift characteristic to the pressure sensor struc-
ture. In certain embodiments, the pressure sensors of the
invention include a unique digital capacitance system and an
ASIC that provides translation from capacitance variation to
pressure and individual correction for a calibrated tempera-
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ture coefficient, which also significantly enhance the accu-
racy of the sensor output(s) when subjected to varying con-
ditions.

[0086] Referringnow to FIG. 3, there is shown one embodi-
ment of a pressure sensor 10 ofthe invention. As illustrated in
FIG. 3, the pressure sensor 10 generally includes a housing or
case 12, a membrane 14 disposed at a first end, and a cap 16,
having a lumen or feed-through 18 therethrough, disposed on
a second end.

[0087] Disposed within the sensor housing 12 is a sensor
module (i.e. pressure sensing system) 30, an ASIC module
40, associated circuitry 21 that facilitates communication by
and between the sensor module 30, ASIC module 40 and the
communication means, and a pressure transmitting fluid 20,
such as silicone oil.

[0088] As set forth in Co-Pending application Ser. Nos.
12/655,405 and 12/799,752, in certain embodiments, the
ASIC module 40 is designed and adapted to perform at least
one of the following functions: (i) compare a variable current
to a reference capacitance, (ii) provide signal shaping, (iii)
provide pressure sensor signal correction based on calibrated
temperature coefficient, (iv) provide power management, (v)
provide communications to external circuitry, and (vi) control
signal transmissions to/from the pressure sensor 10.

[0089] As indicated above, in certain embodiments of the
invention, the sensor housing 12 is designed and configured to
facilitate placement of the sensor 10 in or on a subject’s body.
Thus, in certain embodiments, the housing comprises a bio-
compatible material, such as, without limitation, stainless
steel, silicon, titanium and polyetheretherketone (PEEK).

[0090] In certain embodiments, the membrane 14 similarly
comprises a biocompatible material, such as titanium, stain-
less steel and silicon. In certain embodiments, the membrane
14 comprises titanium.

[0091] As also indicated above, in certain embodiments of
the invention, the sensor module 30 includes at least one
MEMS pressure sensor. In certain embodiments, the MEMS
pressure sensors of the invention comprise absolute pressure
sensors that are capacitive and optimized to operate within a
range of approximately 700-1300 mbar. The MEMS pressure
sensors thus include at least one contact that provides access
to a measurement capacitance and, in certain embodiments, a
reference capacitance.

[0092] Referring now to FIG. 4, thereis shown one embodi-
ment of a MEMS pressure sensor 32 of the invention. As
illustrated in FIG. 4, the MEMS pressure sensor 32 includes
ahousing 34, having an internal cavity 33 and a diaphragm (or
sensing element) 38. The housing 34 further includes an
internal post 36 that is configured and positioned to limit
pressure induced deflection of the diaphragm 38 (as shown by
arrow “D”).

[0093] In certain embodiments, the diaphragm 38 com-
prises monocrystalline silicon. In certain embodiments, the
monocrystalline silicon is metallicized.

[0094] To inhibit moisture migration in and to the MEMS
pressure sensor 32, the sensor is hermetically sealed. Whereas
prior art sensor designs have attempted to incorporate a sens-
ing membrane and moisture resistant seal, the present inven-
tion incorporates a totally hermetic seal, e.g. titanium metal
and ceramic feed-through, to totally prevent moisture (even in
a monomolecular state) from diffusing through the mem-
brane or housing and ultimately degrading the performance
of the MEMS pressure sensor.
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[0095] According to the invention, to further enhance mois-
ture resistance of the MEMS sensor 32, an electrically insu-
lating pouch of the invention can be disposed on the MEMS
pressure sensor 32 or entire module 30.

[0096] As illustrated in FIG. 3, in a preferred embodiment
of the invention, an electrically insulating pouch of the inven-
tion is disposed on or over the MEMS pressure module 30,
ASIC module 40 and a portion of the circuitry 21, whereby at
least the MEMS pressure module 30 and ASIC module 40 are
fully encapsulated by the electrically insulating pouch 3. In
the illustrated embodiment, the electrically insulating pouch
3 comprises a first protective layer 7 and a second electrically
insulating layer 5, as described above (see also FIG. 1).
[0097] As stated above, the outer surface of the protective
layer 7 preferably provides a wide surface for the application
of the electrically insulating layer, i.e. parylene layer 5.
According to the invention, the resultant large diaphragm area
can be (an) order(s) of magnitude greater than the component,
such as the diaphragm 38 of the pressure sensor 32, whereby
much less force would be required to displace than would be
required for a small diameter coating applied directly to the
sensor.

[0098] According to the invention, an electrically insulat-
ing pouch 3 of the invention can also be applied to the entire
structure, including a rigid body or circuit board on which a
coil or antenna has been mounted or to a flexible circuit on
which the coil or antenna has been mounted. Thus, the entire
pressure sensor system, including the pressure module 30,
ASIC module 40, and the transmitting/receiving coil can be
formed and provided with a moisture proof (and protective)
pouch without significantly diminishing the sensitivity of the
pressure sensor.

[0099] In further envisioned embodiments, an electrically
insulating pouch 3 of the invention can also be applied to or
over the entire sensor, e.g., sensor 10.

[0100] As will readily be appreciated by one having ordi-
nary skill in the art, the pressure sensors, and associated
systems and methods of invention provide several significant
advantages compared to prior art pressure sensors and meth-
ods. Among the advantages are the following:

[0101] The provision of implantable electronic compo-
nents and devices that are suitable for prolonged expo-
sure to body fluids.

[0102] The provision of implantable medical systems
and devices that are suitable for prolonged exposure to
body fluids.

[0103] The provision of implantable pressure sensors,
and associated systems and methods, which provide
accurate and stable sensor output under varying in vivo
and ambient conditions, and during prolonged exposure
to body fluids.

[0104] Without departing from the spirit and scope of this
invention, one of ordinary skill can make various changes and
modifications to the invention to adapt it to various usages and
conditions. As such, these changes and modifications are
properly, equitably, and intended to be, within the full range
of equivalence of the invention.

What is claimed is:
1. A method for insulating an electronic component, the
method comprising:
encapsulating the electronic component with an electri-
cally insulating pouch having a first protective layer and
asecond electrically insulating layer, said first protective
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layer comprising a flexible polymeric material, said sec-
ond electrically insulating layer comprising the parylene
layer.

2. The method of claim 1, wherein said electrically insu-
lating pouch fully encapsulates said electronic component.

3. The method of claim 1, wherein said electrically insu-
lating pouch includes encasement means for positioning and
enclosing said insulating pouch.

4. The method of claim 3, wherein said encasement means
includes a rigid border.

5. The method of claim 1, wherein said flexible polymeric
material also comprises an electrically insulating layer.

6. The method of claim 1, wherein said flexible polymeric
material comprises a flexible polymeric gel.

7. The method of claim 6. wherein said flexible polymeric
gel comprises silicone.

8. The method of claim 1, wherein said flexible polymeric
material has a minimum thickness in the range of approxi-
mately 10-500 microns.

9. The method of claim 1, wherein said electrically insu-
lating layer has a thickness in the range of approximately 1-10
microns.

10. An implantable electronic component that is suitable
for prolonged direct body fluid contact, the electronic com-
ponent comprising:

an electrically insulating pouch, said insulating pouch

encapsulating said electronic component, said insulat-
ing pouch comprising a first protective layer and a sec-
ond electrically insulating layer, said first protective
layer comprising the flexible polymeric material, said
second electrically insulating layer comprising a
parylene layer.

11. The electronic component of claim 1, wherein said
electrically insulating pouch fully encapsulates said elec-
tronic component.

12. The electronic component of claim 1, wherein said
electronic component comprises a passive electronic network
component.

13. The electronic component of claim 1, wherein said
electronic component comprises an active electronic network
component.
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14. The electronic component of claim 1, wherein said
electrically insulating pouch includes encasement means for
positioning and enclosing said insulating pouch.

15. The electronic component of claim 1, wherein said
flexible polymeric material also comprises an electrically
insulating layer.

16. The electronic component of claim 15, wherein said
flexible polymeric material comprises a flexible polymeric
gel.

17. A pressure sensor system, comprising:

a sensor assembly having at least one MEMS pressure
sensor having a pressure sensing element that is adapted
to generate a capacitance variation signal in response to
exposed pressure, an application-specific integrated cir-
cuit (ASIC) that is adapted to generate a pressure signal
with the capacitance variation signal, said pressure sig-
nal being representative of the exposed pressure, and
network circuitry in communication with said MEMS
sensor and ASIC,

said MEMS sensor, said ASIC and at least a portion of said
circuitry being fully encapsulated with an electrically
insulating pouch, said insulating pouch comprising a
first protective layer and a second electrically insulating
layer, said first protective layer comprising a flexible
polymeric material, said second electrically insulating
layer comprising a parylene layer.

18. The system of claim 17, wherein said sensor assembly
includes a temperature compensation system that is adapted
to correct for temperature induced variations in said pressure
sensor signal, a drift compensation system that is adapted to
correct for pressure and temperature induced drift of said
pressure sensor signal, and a pressure compensation system
that is adapted to correct for variations in measured pressures
of said MEMS pressure sensor and atmospheric pressure.

19. The system of claim 17, wherein said electrically insu-
lating pouch includes encasement means for positioning and
enclosing said insulating pouch.

20. The system of claim 17, wherein said flexible poly-
meric material also comprises an electrically insulating layer.

21. The system of claim 20, wherein said flexible poly-
meric material comprises a flexible polymeric gel.
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