
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

35
8 

32
9

A
2

TEPZZ¥¥58¥ 9A T
(11) EP 3 358 329 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
08.08.2018 Bulletin 2018/32

(21) Application number: 18154296.0

(22) Date of filing: 30.01.2018

(51) Int Cl.:
G01L 19/00 (2006.01) G01L 19/06 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(30) Priority: 01.02.2017 US 201715421953

(71) Applicant: Honeywell International Inc.
Morris Plains, NJ 07950 (US)

(72) Inventors:  
• ECKHARDT, Todd

Morris Plains, NJ New Jersey 07950 (US)
• MACHIR, Jim

Morris Plains, NJ New Jersey 07950 (US)
• MYERS, Ron

Morris Plains, NJ New Jersey 07950 (US)

(74) Representative: Houghton, Mark Phillip
Patent Outsourcing Limited 
1 King Street
Bakewell, Derbyshire DE45 1DZ (GB)

(54) MEMBRANE ISOLATED, GEL-FILLED FORCE SENSOR

(57) Embodiments generally relate to assembly and
methods for detecting force. A force sensor assembly
may comprise a sense element, an isolation medium, a
thin membrane, and a substrate. Typically, the sense el-
ement may be located adjacent to the substrate, the iso-
lation medium may be located adjacent to the sense el-
ement, and the thin membrane may be located adjacent
to the isolation medium. Generally, the thin membrane

may be configured to provide a shield between an exter-
nal medium and the isolation medium and transfer a force
from the external medium to the isolation medium. In this
manner, the isolation medium may be configured to
transfer the detected force to the sense element. The
sense element may electrically communicate the force
data as output signals to the electrical traces on the sub-
strate.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to United
States Patent Application Serial No. 15/421,953 filed
February 1, 2017 by Todd Eckhardt et al. and entitled
"MEMBRANE ISOLATED, GEL-FILLED FORCE SEN-
SOR" which is incorporated herein by reference as if re-
produced in its entirety.

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

[0003] Not applicable.

BACKGROUND

[0004] Various types of sensors are commonly used
to sense environmental parameters such as pressure,
temperature, humidity, flow, thermal conductivity, gas
concentration, light, magnetic fields, electric fields, as
well as many other environmental parameters. Such sen-
sors may be used in a wide variety of applications includ-
ing, for example, medical applications, flight control ap-
plications, industrial process applications, combustion
control applications, weather monitoring applications,
water metering applications, as well as many other ap-
plications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] For a more complete understanding of the
present disclosure, reference is now made to the follow-
ing brief description, taken in connection with the accom-
panying drawings and detailed description, wherein like
reference numerals represent like parts.

FIG. 1A illustrates a cross-sectional view of an ex-
emplary embodiment of a force sensor assembly
comprising permanent attachment of a thin mem-
brane to a support structure using a secondary seal
and further comprising an isolation medium, a sense
element, and a substrate;
FIG. 1B illustrates an exploded view of an exemplary
embodiment of a force sensor assembly (similar to
the exemplary embodiment shown in FIG. 1A);
FIG. 1C illustrates a cross-sectional view of an ex-
emplary embodiment of a force sensor assembly
(similar to the exemplary embodiment shown in FIG.
1A and FIG. 1B) removably attached to an external
attachment element;
FIG. 2A illustrates a cross-sectional view of an ex-
emplary embodiment of a force sensor assembly

comprising removable attachment of a thin mem-
brane to a support structure using a locking element
and a secondary seal and further comprising an iso-
lation medium, a sense element, and a substrate;
FIG. 2B illustrates an exploded view of an exemplary
embodiment of a force sensor assembly (similar to
the exemplary embodiment shown in FIG. 2A);
FIG. 2C illustrates a cross-sectional view of an ex-
emplary embodiment of a force sensor assembly
(similar to the exemplary embodiment shown in FIG.
2A and FIG. 2B) removably attached to an external
attachment element;
FIG. 3A illustrates a cross-sectional view of an ex-
emplary embodiment of a force sensor assembly
comprising an attachment feature, a locking ele-
ment, a support structure, a secondary seal, a thin
membrane, an isolation medium, a substrate, and a
sense element;
FIG. 3B illustrates an exploded view of an exemplary
embodiment of a force sensor assembly (similar to
the exemplary embodiment shown in FIG. 3A);
FIG. 3C illustrates a cross-sectional view of an ex-
emplary embodiment of a force sensor assembly
(similar to the exemplary embodiment shown in FIG.
3A and FIG. 3C) removably attached to an external
attachment element using the attachment feature;
FIG. 4A illustrates a cross-sectional view of an ex-
emplary embodiment of a conventional force sensor
assembly retrofit to additionally comprise a thin
membrane, a locking element, and a secondary seal;
and
FIG. 4B illustrates a cross-sectional view of an ex-
emplary embodiment of a conventional force sensor
assembly retrofit to additionally comprise a thin
membrane, a locking element, and a secondary seal
(similar to the exemplary embodiment shown in FIG.
4A).

DETAILED DESCRIPTION

[0006] It should be understood at the outset that al-
though illustrative implementations of one or more em-
bodiments are illustrated below, the disclosed systems
and methods may be implemented using any number of
techniques, whether currently known or not yet in exist-
ence. The disclosure should in no way be limited to the
illustrative implementations, drawings, and techniques
illustrated below, but may be modified within the scope
of the appended claims along with their full scope of
equivalents.
[0007] The following brief definition of terms shall apply
throughout the application:
[0008] The term "comprising" means including but not
limited to, and should be interpreted in the manner it is
typically used in the patent context;
[0009] The phrases "in one embodiment," "according
to one embodiment," and the like generally mean that
the particular feature, structure, or characteristic follow-
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ing the phrase may be included in at least one embodi-
ment of the present invention, and may be included in
more than one embodiment of the present invention (im-
portantly, such phrases do not necessarily refer to the
same embodiment);
[0010] If the specification describes something as "ex-
emplary" or an "example," it should be understood that
refers to a non-exclusive example;
[0011] The terms "about" or "approximately" or the like,
when used with a number, may mean that specific
number, or alternatively, a range in proximity to the spe-
cific number, as understood by persons of skill in the art
field (for example, +/- 10%); and
If the specification states a component or feature "may,"
"can," "could," "should," "would," "preferably," "possibly,"
"typically," "optionally," "for example," "often," or "might"
(or other such language) be included or have a charac-
teristic, that particular component or feature is not re-
quired to be included or to have the characteristic. Such
component or feature may be optionally included in some
embodiments, or it may be excluded.
[0012] The embodiments of this disclosure typically re-
late to force sensors commonly used to sense parame-
ters such as pressure, temperature, humidity, flow, ther-
mal conductivity, gas concentration, light, magnetic
fields, electric fields, as well as many other parameters.
Such sensors may be used in a wide variety of applica-
tions including, for example, medical applications, flight
control applications, industrial process applications,
combustion control applications, weather monitoring ap-
plications, water metering applications, as well as many
other applications. Force sensor assemblies may com-
prise a sense element (e.g. force sensor) separated from
an external medium by an isolation medium such as a
gel. Typically, the isolation medium may make direct con-
tact with the external medium to sense parameters, for
example, a change in force/pressure. However, in some
applications, for example the medical industry, the iso-
lation medium may require a Food and Drug Administra-
tion (FDA) certification before it may contact the external
medium. Typically, FDA certification is required to ensure
the isolation medium is safe for contact with the external
medium (e.g. bodily fluids, blood, milk, drugs, etc.) be-
cause medical applications generally require invasive
pressure sensing and/or sensing of various kinds of flu-
ids. Typically, to use the force sensors with varying ex-
ternal mediums, the user may have to frequently change
the isolation medium (since each individual isolation me-
dium is not compatible with every type of external medi-
um). In other words, the user may have to implement
various different FDA certified isolation mediums and, as
per regulation, gain recertification of the FDA certified
isolation medium periodically (e.g. yearly). In the case
that an FDA certified isolation medium does not pre-exist,
the user may have to incur costs to develop/test solutions
which comply with FDA regulations. Typically, product
development/testing may have long development cycle
times, increased development costs, potential sacrifices

to force sensor performance, as well as other drawbacks.
Additionally, changing isolation mediums may neither be
cost effective (because FDA certified isolation mediums
are, generally, expensive) nor time efficient (because ob-
taining FDA certification consists of a long waiting
time/period).
[0013] Conventionally, users may choose to incur the
extra costs and inconvenience to ensure the isolation
medium is FDA certified and/or the user may opt for fully
media isolated sensors, non-contact sensing (e.g.
through a bladder), and other such methods. To address
these drawbacks, a non-contact method (e.g. no contact
between the isolation medium and the external medium)
for pressure/force sensing and/or the sensing of fluids is
disclosed herein. In the disclosed embodiments, users
can be provided with the ability to isolate the external
medium from the sensing technology (e.g. force sensor)
using a thin membrane of a known/pre-existing material
(for example, silicone elastomers, fluorosilicone elastom-
ers, PDMS (polydimethylsiloxane) membrane barriers,
and several other membrane materials). In this manner,
tthe material compatibility issues can be fully addressed
by providing a compatible membrane material with pre-
existing data to establish suitability for various applica-
tions. In the disclosed embodiments, the membrane ac-
celerates the user design cycle time (e.g. time required
to find/procure a FDA certified isolation medium), reduc-
es user costs (e.g. costs associated with product devel-
opment/testing), and enables the force sensor manufac-
turers’ to provide the user with a known performance level
(by taking responsibility for sealing the isolation medium).
[0014] Some embodiments relate to a force sensor.
Typically, a force sensor may consist of a force sensor
assembly comprising a sense element, an isolation me-
dium, and a substrate. Typically, the sense element may
be electrically connected to electrical traces located on
the substrate. Additionally, the isolation medium may in-
terface with the substrate and the sense element. During
use, when the isolation medium is pressed against an
external medium, the force (from pressing the isolation
medium against the external medium) may be transmit-
ted to the isolation medium causing at least a portion of
the sense element to deflect. The sense element may
generate an output signal in response to the deflection.
Typically, the output signal may provide data such as a
force level and/or the relative rate of change in force.
Additionally, in some embodiments, the output from the
sense element can be used to issue a warning or to take
action if/when a certain threshold level is reached. Addi-
tionally, the disclosed embodiments may comprise a thin
membrane placed over the top of the isolation medium
to isolate the isolation medium from the external medium.
In some embodiments, the force sensor assembly may
further comprise a secondary seal placed between the
thin membrane and the external medium to prevent fluid
leakage and/or a diaphragm. Disclosed herein are ex-
emplary embodiments that allow for optional removable
or permanent attachment of a thin membrane to a force
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sensor assembly thereby reducing costs and increasing
convenience. Additionally, disclosed herein are exem-
plary embodiments that allow for optional attachment of
an external attachment element to the aforementioned
force sensor assembly.
[0015] In some embodiments, the force sensor assem-
bly may comprise permanent attachment of the thin
membrane to isolate the external medium from the iso-
lation medium. Typically, the force sensor assembly may
comprise a thin membrane, a sense element, an isolation
medium, a substrate, a secondary seal, and a support
structure. Typically, the support structure may be affixed
to a first side of the substrate and may comprise a central
aperture. The central aperture may comprise the isolation
medium, and typically, the isolation medium may be
packed tightly within the central aperture and slightly
project outwards from the central aperture. Typically, the
isolation medium may be a standard, low-cost gel which
may be suitable for various applications. In conventional
applications, the isolation medium may have direct con-
tact with an external medium making it difficult to reuse
in various applications and resulting in extra time and
money to find compatible isolation mediums which com-
ply with FDA regulations. To eliminate this inconven-
ience, a thin membrane having pre-existing FDA approv-
al is used. Additionally, the implementation of a thin mem-
brane may be more cost effective than the implementa-
tion of a compatible isolation medium. Generally, thin
membranes may be cheaper to purchase and manufac-
ture than isolation mediums. Generally, the thin mem-
brane may lie across the top of the support structure and
may be flexible and take the shape of the isolation me-
dium.
[0016] To ensure the thin membrane is properly sealed
to the support structure, a secondary seal may be used.
Typically, the secondary seal (e.g. rubber gasket, o-ring,
chevron seal, etc.) may be configured to fit within a
gap/channel located around the top perimeter of the sup-
port structure. In some embodiments, the secondary seal
may permanently press the thin membrane into the
gap/channel (e.g. press fit, etc.) to ensure the thin mem-
brane is locked in place. In some embodiments, the sec-
ondary seal may permanently press the thin membrane
onto the support structure using an adhesive bond (e.g.
epoxy, silicone, etc.), ultrasonic welding (e.g. vibrational
energy used to generate heat, etc.), heat stake (e.g. ther-
mal energy), and/or another method of permanent at-
tachment. Additionally, the secondary seal may stretch
the thin membrane uniformly in each direction from a
center of the isolation medium, and the secondary seal
may substantially remove the air between the thin mem-
brane (e.g., when the thin membrane is non-permeable)
and the isolation medium. In this disclosure, "permanent-
ly" and/or "permanent" means that it may be possible to
use force to pull the secondary seal off of the support
structure resulting in the removal of the thin membrane.
However, this method of removal may effectively damage
the force sensor assembly, the thin membrane, the sec-

ondary seal, and/or the support structure so that the cor-
responding element cannot be reused. In other words,
removal of the thin membrane may be difficult to accom-
plish (e.g. requiring tools). In this case, "permanently"
and/or "permanent" means that it would be very incon-
venient to remove the secondary seal from the support
structure (e.g. not easily done) without rendering the fea-
ture unsuitable for its intended purpose. Typically, per-
manent attachment of the thin membrane to the force
sensor assembly may prove beneficial for high volume
uses involving force sensors for a particular application
(without wanting to handle the inconvenience of obtaining
FDA approval and recertification of the isolation medi-
um).
[0017] In some embodiments, the force sensor assem-
bly may allow removable attachment of the thin mem-
brane. Typically, the configuration of the force sensor
assembly may be similar to the force sensor assembly
for permanent attachment of the thin membrane. Typi-
cally, the secondary seal may be a gasket which may fit
around the perimeter of the support structure. Typically,
the support structure may comprise a raised central area
with the circumference of the support structure lowered
to allow the rubber gasket to fit snugly and removably
around the raised central area. In this manner, the sec-
ondary seal may press the thin membrane snugly onto
the support structure. To provide an additional barrier to
prevent contact between the isolation medium and the
external medium, a locking element may be placed
around the circumference of the support structure. Gen-
erally, the locking element may cover the secondary seal
and the sides of the support structure. Additionally, the
locking element may lay flush with the thin membrane.
To lock the locking element into place, several different
kinds of locking methods may be implemented. For ex-
ample, the locking element may comprise a snap-fit,
press-fit, or screw mechanism to attach to the support
structure. It should be appreciated that other methods of
removably attaching the locking element to the support
structure are also possible.
[0018] In some embodiments, the thin membrane and
the locking element may be integrated together to reduce
the number of pieces. In other words, during replace-
ment, both the locking element and the thin membrane
can be replaced. However, to increase cost efficiency,
the locking element may be reusable while the thin mem-
brane may be disposable. To reuse, the locking element
can be cleaned in case it comes into contact with the
external medium. In some embodiments, the locking el-
ement may not lay flush with the thin membrane to pre-
vent it from being exposed to the external medium during
use (in other words, the locking element may not need
to be cleaned depending on the application). Additionally,
during replacement of the thin membrane, a user may
remove (e.g. by pulling with fingers) the secondary seal
from the support structure to replace the thin membrane.
Typically, removable attachment of the thin membrane
to the force sensor assembly may prove beneficial for
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users who deal with varying applications (e.g. different
patients, different external mediums, etc.) or for users
who may want to implement the force sensor assembly
for individual use at home (e.g. home medical market).
[0019] In some embodiments, the substrate of the
force sensor assembly may comprise an aperture. Typ-
ically, the aperture may be smaller than the central ap-
erture of the support structure and may align with the
central aperture of the support structure. Generally, the
force sensor assembly may comprise a sense element
which may be affixed to a first side of the substrate (e.g.
on a same side as the support structure) and be affixed
to the substrate with the support structure surrounding
the sense element. Typically, the sense element may be
configured to electrically connect to electrical traces lo-
cated on the substrate. In some embodiments, the sense
element may comprise a diaphragm formed on a sense
die. In this case, the diaphragm may lie above the aper-
ture of the substrate in a manner such that the isolation
medium may not enter within the cavity formed between
the diaphragm and the aperture of the substrate. The
aperture in the substrate may serve as a pressure path
to allow a differential pressure to be sense across the
sense element. In some embodiments, the sense ele-
ment may not necessarily comprise a diaphragm. In this
case, typically, the sense element may comprise a slab
die which may be affixed to the first side of the substrate
in direct contact with the isolation medium. In this manner,
the isolation medium may be located within the space in
the central aperture of the support structure and may
interface with the top of the sense element.
[0020] In some embodiments, the sense element may
be affixed to a second side of the substrate opposite the
side of the support structure. Typically, the sense ele-
ment may comprise a diaphragm and a sense die. Typ-
ically, the sense die may be held onto the force sensor
assembly by the diaphragm. In this manner, the dia-
phragm may surround the sense die of the sense ele-
ment. Additionally, the diaphragm may encompass the
aperture in the substrate. Thus, the isolation medium may
be located within the space in the central aperture of the
support structure, the space within the aperture of the
substrate, and the space between the diaphragm and
the substrate. With this configuration, when the User may
press the thin membrane against an external medium,
the thin membrane may transfer a force to the isolation
medium. Typically, the isolation medium may transfer a
force (through the central aperture of the support struc-
ture, through the aperture of the substrate, and into the
cavity between the diaphragm and the substrate) to the
sense element and cause the sense element to deflect.
Generally, the sense element may transmit an output sig-
nal relating the deflection of the sense element to the
amount of force being sensed. Additionally, in some em-
bodiments, the substrate may be configured for interac-
tion with various different external electrical connections
(e.g. dual in-line package (DIP), single in-line package
(SIP), cable, etc.). Typically, the electrical traces on the

substrate may electrically connect with at least one of
the external electrical connections.
[0021] Some embodiments of the force sensor assem-
bly may comprise an additional external attachment el-
ement. Typically, the external attachment element may
attach to the force sensor assembly using a mechanical
gasket (e.g., O-ring). The mechanical gasket may be lo-
cated directly above or directly below the thin membrane
so as to attach to a gap/channel on the external attach-
ment element and/or the support structure. Typically, the
mechanical gasket may fit snugly within the external at-
tachment element to prevent interaction between the iso-
lation medium and the external medium. Additionally, a
snug fit between the force sensor assembly and the ex-
ternal attachment element may be required to ensure no
external elements (e.g. pressure/force due to surround-
ing ambient environment) are affecting the output signal
of the sense element.
[0022] In some embodiments, the locking element may
comprise an attachment feature. More specifically, the
locking element may be configured to fit on top of and
around the support element. Typically, the locking ele-
ment may be attached to the support structure using
methods such as press-fit, snap-fit, screw, etc. The at-
tachment feature may be part of the locking element and,
in some embodiments, may be tubular. Typically, the at-
tachment feature may comprise a longitudinal
bore/through-hole, which can be centered on the center-
line of the attachment feature. Generally, the attachment
feature may comprise a sidewall aperture which may be
configured to lay adjacent to and surround/encompass
the thin membrane of the force sensor assembly. In this
manner, the user may attach external attachment ele-
ments such as a tube to the outer/distal ends of the at-
tachment feature. Typically, this configuration may be
used in fluid delivery pumps to determine the volume of
fluid and the force at which the fluid is being delivered.
In some embodiments, the force sensor assembly may
vary in size. In other words, the diameter of the u support
element, the size of the substrate, the size of the sense
element, and other parameters of the elements of the
force sensor assembly may vary depending on the size
of the external attachment element and/or the type of
application. While persons of skill should understand the
disclosed embodiments based on the above disclosure,
the following figures may provide specific examples that
may further clarify the disclosure.
[0023] Turning now to the drawings, FIG. 1A illustrates
a cross-sectional view of an exemplary embodiment of
a force sensor assembly 100 comprising permanent at-
tachment of a thin membrane 101 to a u support structure
103 comprising a secondary seal 102, an isolation me-
dium 105, a sense element 117, and a substrate 104. In
the exemplary embodiment of FIG. 1A, the support struc-
ture 103 is affixed to the substrate 104 and is shown to
comprise a central aperture/through-hole. The support
structure 103 can be in the form of a ring as shown in
FIG. 1A, though other geometries are also possible. Ad-
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ditionally, in the exemplary embodiment of FIG. 1A, the
sense element 117 is shown to be located within the cen-
tral aperture/through-hole of the support structure 103
and above the aperture 108 of the substrate 104. Typi-
cally, the aperture 108 within the substrate 104 may be
smaller than the central aperture/through-hole of the sup-
port structure 103 as shown in FIG. 1A. Additionally, the
aperture 108 within the substrate 104 and the central
aperture/through-hole of the support structure 103 may
be concentric.
[0024] In some embodiments, as in the embodiment
shown in FIG. 1A, the sense element 117 may comprise
a diaphragm 106. The sensing elements on the dia-
phragm may be located on a side of the diaphragm 106
interfacing with the isolation medium 105 and adjacent
to the substrate 104. Typically, the cavity formed between
the sense element 117 and the substrate 104 may not
comprise the isolation medium 105. The aperture 108 in
the substrate 104 may allow fluid communication be-
tween the cavity and the ambient environment and/or
with a reference pressure cavity or connection (e.g., a
vacuum reference, atmospheric reference, or other ref-
erence). In this manner, the aperture 108 may be con-
figured to serve as a pressure path to ensure accurate
readings by the sense element 117 of the force sensor
assembly 100. Typically, when the force sensor assem-
bly 100 interacts with the external medium, the isolation
medium 105 may be compressed, thereby allowing the
force to be transmitted to and sensed by the sense ele-
ment 117. Typically, the sense element 117 may electri-
cally communicate with the electrical traces 119 on the
substrate 104. The electrical traces 119 may be config-
ured for interaction with various different external elec-
trical connections (e.g. dual in-line package (DIP), single
in-line package (SIP), cable, etc.) and/or processing cir-
cuitry on the substrate (e.g., an ASIC, amplifier, compa-
rator, etc.).
[0025] In the exemplary embodiment of FIG. 1A, the
force sensor assembly 100 further comprises a thin mem-
brane 101. The thin membrane 101 prevents direct con-
tact between the isolation medium 105 and the external
medium. Additionally, the thin membrane 101 may func-
tion to eliminate material compatibility issues (e.g. be-
tween the isolation medium 105 and the external medi-
um) by being formed from a compatible membrane ma-
terial with pre-existing data to establish suitability for the
desired application. Typically, the thin membrane 101
may lie across the top of the support structure 103. Typ-
ically, the thin membrane 101 may provide a more robust
interface, may be flexible allowing it to take shape of the
isolation medium 105, and may be non-permeable to pre-
vent interaction between the isolation medium 105 and
the external medium. To ensure the thin membrane 101
is properly sealed to the support structure 103, the sec-
ondary seal 102 may be used. Typically, the secondary
seal 102 (e.g. rubber gasket) may be configured to fit
within a gap/channel located around the top perimeter of
the support structure 103. In the embodiment of FIG. 1A,

the secondary seal 102 may permanently press the thin
membrane 101 into the gap/channel of the support struc-
ture 103 to ensure the thin membrane 101 is locked in
place. Typically, the secondary seal 102 may stretch the
thin membrane 101 uniformly in each direction from a
center of the isolation medium 105, and it may substan-
tially remove the air between the thin membrane 101 and
the isolation medium 105.
[0026] FIG. 1B illustrates an exploded view of an ex-
emplary embodiment of a force sensor assembly 100
(similar to the exemplary embodiment shown in FIG. 1A)
comprising a secondary seal 102, a thin membrane 101,
a support structure 103, a substrate 104, and an isolation
medium 105. The elements/parts of the force sensor as-
sembly 100 function in a similar manner as those shown
in FIG. 1A. In the embodiment of FIG. 1B, it may be more
clearly shown that the thin membrane 101 is generally
larger in area than the support structure 103, and the
secondary seal 102 may be configured to fit snugly within
the gap/channel 109 of the support structure 103. Typi-
cally, the secondary seal 102 may press down on the
thin membrane 101 until it snaps within the gap/channel
109 of the support structure 103.
[0027] FIG. 1C illustrates a cross-sectional view of an
exemplary embodiment of a force sensor assembly 100
similar to the exemplary embodiment shown in FIG. 1A
and FIG. 1B that is removably attached to an external
attachment element 110. The exemplary embodiment
shown in FIG. 1C may function similarly to the exemplary
embodiment shown in FIG. 1A and FIG. 1B. Typically,
for attachment of external attachment element 110, a
gasket 111 such as an O-ring may be used to seal the
external attachment element 110 to the force sensor as-
sembly 100. The gasket 111 may be located directly
above or directly below the thin membrane 101 so as to
attach to a gap/channel on the external attachment ele-
ment 110 and/or the support structure 103. For example,
if the gasket 111 is affixed to the external attachment
element 110, the support structure 103 may comprise an
additional gap/channel so that the gasket 111 may press-
fit into the gap/channel and prevent communication of
external elements (e.g. air, external medium, etc.) with
the force sensor assembly 100. On the other hand, if the
gasket 111 is affixed to the support structure 103, the
external attachment element 110 may comprise a
gap/channel so that the gasket 111 may press-fit into the
gap/channel and prevent communication of external el-
ements (e.g. air, external medium, etc.) with the force
sensor assembly 100.
[0028] FIG. 2A illustrates a cross-sectional view of an
exemplary embodiment of a force sensor assembly 200
comprising removable attachment of a thin membrane
201 to a support structure 203 comprising a locking ele-
ment 212, a secondary seal 202, a substrate 204, an
isolation medium 205, and a sense element 217. Typi-
cally, the elements of the exemplary force sensor assem-
bly 200 shown in FIG. 2A are similar to the elements of
the exemplary force sensor assembly 100 shown in FIG.
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1A with the exception of the locking element 212. Typi-
cally, in a permanent attachment of the thin membrane
201 to the force sensor assembly 200 (as shown in FIG.
1A - FIG. 1C), the secondary seal 202 may fit within a
gap/channel of the support structure 203. Typically, as
shown in FIG. 2A, in a removable attachment of the thin
membrane 201 to the force sensor assembly 200, the
support structure 203 may not comprise a gap/channel.
Generally, the support structure 203 may comprise a
raised central area that can have a diameter less than
the diameter of the support structure 203. Additionally,
the support structure 203 may comprise a lowered por-
tion around the circumference of the support structure
203 which may take up a certain width based on the de-
sired application. Thus, the secondary seal 202 may fit
snugly and removably within the lowered portion of the
support structure 203 and around the raised central area.
In this manner, the secondary seal 202 may press the
thin membrane 201 snugly onto the support structure
203. To provide an additional barrier to prevent contact
between the isolation medium 205 and the external me-
dium, a locking element 212 may be placed around the
circumference of the support structure 203. Generally,
the locking element 212 may cover the secondary seal
202 and the sides of the support structure 203. Addition-
ally, the locking element 212 may lay flush with the thin
membrane 201. To lock the locking element 212 into
place, several different kinds of locking methods may be
implemented. For example, the locking element 212 may
comprise a snap-fit, press-fit, or screw mechanism to at-
tach the locking element to the support structure 203.
Persons of skill should appreciate other methods of re-
movably attaching the locking element 212 to the support
structure 203. Additionally, in the exemplary embodiment
of FIG. 2A, the locking element 212 and the thin mem-
brane 201 may be integrated together to reduce the
number of pieces from two to one. In other words, during
replacement, the user may dispose of both the locking
element 212 and the thin membrane 201. However, to
increase cost efficiency, the locking element 212 may be
reusable while the thin membrane 201 may be disposa-
ble. To reuse, the user may clean the locking element
212 in case it came into contact with the external medium.
In some embodiments, only the thin membrane 201 may
be allowed to contact a fluid of interest so that the locking
element 212 may not need to be cleaned. Additionally,
during replacement of the thin membrane 201, the user
may remove (e.g. by pulling with fingers) the secondary
seal 202 from the support structure 203 to replace the
thin membrane 201.
[0029] FIG. 2B illustrates an exploded view of an ex-
emplary embodiment of a force sensor assembly 200
(similar to the exemplary embodiment shown in FIG. 2A)
comprising a locking element 212, a secondary seal 202,
a thin membrane 201, a support structure 203, a sub-
strate 204, and an isolation medium 205. The ele-
ments/parts of the force sensor assembly 200 function
in a similar manner as those shown in FIG. 2A. In the

embodiment of FIG. 2B, it is shown that the thin mem-
brane 201 and the secondary seal 202 are joined/inte-
grated together. This may make it easier to replace (e.g.
attach and detach) the thin membrane 201 to the support
structure 203. Additionally, the user may not have to deal
with the complications of properly sealing the thin mem-
brane 201 to the support structure 203. Typically, the
secondary seal 202 and the thin membrane 201 may be
pressed snugly onto the support structure 203. The lock-
ing element 212 may provide more support to hold the
thin membrane 201 in place. Additionally, the locking el-
ement 212 may comprise a locking mechanism to allow
snap-fit of the locking element 212 to the support struc-
ture 203. Persons of skill should appreciate other meth-
ods of removably locking the locking element 212 to the
force sensor assembly 200.
[0030] FIG. 2C illustrates a cross-sectional view of an
exemplary embodiment of a force sensor assembly 200
(similar to the exemplary embodiment shown in FIG. 2A
and FIG. 2B) removably attached to an external attach-
ment element 210. The exemplary embodiment shown
in FIG. 2C may function similarly to the exemplary em-
bodiments shown in FIG. 2A and FIG. 2B. Typically, for
attachment of external attachment element 210, a gasket
211 (e.g. O-ring) may be used to seal the external at-
tachment element 210 to the force sensor assembly 200.
The gasket 211 may be located directly above or directly
below the thin membrane 201 so as to attach to a
gap/channel on the external attachment element 210
and/or the support structure 203. For example, if the gas-
ket 211 is affixed to the external attachment element 210,
the support structure 203 may comprise an additional
gap/channel so that the gasket 211 may press-fit into the
gap/channel and prevent communication of external el-
ements (e.g. air, external medium, etc.) with the force
sensor assembly 200. On the other hand, if the gasket
211 is affixed to the support structure 203, the external
attachment element 210 may comprise a gap/channel
so that the gasket 211 may press-fit into the gap/channel
and prevent communication of external elements (e.g.
air, external medium, etc.) with the force sensor assem-
bly 200.
[0031] FIG. 3A illustrates a cross-sectional view of an
exemplary embodiment of a force sensor assembly 300
comprising an attachment feature 316, a locking element
312, a support structure 303, a secondary seal, a thin
membrane 301, an isolation medium 305, a substrate
304, and a sense element 317. Typically, the configura-
tion of the force sensor assembly 300 may be similar to
the exemplary embodiments shown in FIG. 1A - FIG. 2C.
In the exemplary embodiment shown in FIG. 3A, the sup-
port structure 303 varies in size. The support structure
303 is shown to have a smaller diameter and a longer
length (e.g. protrudes outward from the substrate 304
more than the support structure shown in the exemplary
embodiments of FIG. 1A - FIG. 2C). Typically, the sizing
(e.g. length, diameter, thickness, etc.) of the support
structure 303 may vary depending on the desired appli-
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cation. In the exemplary embodiment of FIG. 3A, the lock-
ing element 312 and the attachment feature 316 are
shown to be integrated into one piece. Typically, the lock-
ing element 312 may clasp (e.g. snap-fit) onto the support
structure 303. Persons of skill should appreciate alterna-
tive methods of removably attaching the locking element
312 to the support structure 303. Typically, the interface
between the support structure 303 and the locking ele-
ment 312 may comprise the thin membrane 301, and, in
some embodiments, the interface may further comprise
a secondary seal. The secondary seal may function to
prevent interaction of the isolation medium 305 with ex-
ternal elements (e.g. air, external medium, etc.) which
may interfere with the force readings by the sense ele-
ment 317. In the exemplary embodiment of FIG. 3A, the
attachment feature 316 is shown to be tubular and com-
prises a longitudinal bore/through-hole 314, which can
be centered on the centerline 315 of the attachment fea-
ture 316. Generally, the attachment feature 316 may
comprise a sidewall aperture 313 which may be config-
ured to lay adjacent to and surround/encompass the thin
membrane 301 of the force sensor assembly 300 as
shown in FIG. 3A. Typically, an external medium may
flow through the longitudinal bore/through-hole 314 of
the attachment feature 316 causing the thin membrane
301 to flex inward towards the sense element 317. The
deflection of the thin membrane 301 may cause the iso-
lation medium 305 to deflect causing the sense element
317 to deflect in response and register a force. In this
manner, the exemplary force sensor assembly 300
shown in FIG. 3A may measure force and the isolation
medium 305 may not make direct contact with the exter-
nal medium. Additionally, as shown in FIG. 3A, the sense
element 317 may comprise a diaphragm 306. Typically,
the diaphragm 306 may be affixed to a first side (e.g.
same side as the support structure 303) of the substrate
304. The diaphragm may deflect in response to a change
in pressure/force and send output signals to the electrical
traces located on the substrate 304.
[0032] FIG. 3B illustrates an exploded view of an ex-
emplary embodiment of a force sensor assembly 300
(similar to the exemplary embodiment shown in FIG. 3A)
comprising an attachment feature 316, a locking element
312, a thin membrane 301, a secondary seal 302, an
isolation medium 305, a support structure 303, and a
substrate 304. The elements/parts of the force sensor
assembly 300 function in a similar manner as those
shown in FIG. 3A. In the embodiment of FIG. 3B, it is
shown that the attachment feature 316 is tubular having
a longitudinal bore/through-hole 314. Typically, the at-
tachment feature 316 may attach to the locking element
312 (e.g. may be manufactured such that the attachment
feature 316 and the locking element 312 are conjoined).
Typically, the attachment feature 316 may be attached
to the locking element 312 in a manner such that no air
or external elements enter into the force sensor assembly
300 other than from the two distal ends of the longitudinal
bore/through-hole 314. Additionally, the locking element

312 may comprise one or more apertures to allow entry
of the projections located on the support structure 303
to lock the locking element 312 to the support structure
303. This method of attachment may be known as snap-
fit. Other methods of attachment may also be used such
as press-fit, screw, etc. Persons of skill should appreciate
other methods of removable attachment of the support
structure 303 to the locking element 312 to form the force
sensor assembly 300.
[0033] In the exemplary embodiment of FIG. 3B, it is
shown that the thin membrane 301 and the secondary
seal 302 are joined/integrated together. This may make
it easier to replace (e.g. attach and detach) the thin mem-
brane 301 to the support structure 303. Additionally, the
User may not have to deal with the complications of prop-
erly sealing the thin membrane 301 to the support struc-
ture 303. Typically, the secondary seal 302 and the thin
membrane 301 may be pressed snugly onto the support
structure 303. The locking element 312 may provide
more support to hold the thin membrane 301 in place. In
some embodiments, the thin membrane 301 and the sec-
ondary seal 302 may not be attached together. In this
case, once the thin membrane 301 may be placed on top
of the support structure 303 containing the isolation me-
dium 305, the secondary seal 302 may be placed on top
of the thin membrane 301. Typically, the isolation medi-
um 305 may project out of the support structure 303 to
form a raised surface to interact with the external medium
(in this manner, the outside edges of the support structure
303 may not interfere with the deflection of the isolation
medium 305 in measuring force).
[0034] FIG. 3C illustrates a cross-sectional view of an
exemplary embodiment of a force sensor assembly 300
(similar to the exemplary embodiment shown in FIG. 3A
and FIG. 3B) removably attached to an external attach-
ment element 310 using the attachment feature 316. Typ-
ically, an external attachment element 310 such as a flex-
ible tube may be configured to snugly stretch around the
distal ends of the attachment feature 316 so as to allow
communication of the external medium into the longitu-
dinal bore/through-hole 314 of the attachment feature
316. Generally, the disclosed force sensor assembly 300
may be used in fluid delivery pumps. Typically, the fluid
may flow into the attachment feature 316 from the exter-
nal attachment element 310. During flow of the fluid, the
sense element 317 may determine the amount of fluid
being delivered, the force/pressure at which the fluid is
being delivered, and may keep track of the type of fluid
being delivered to inform the patient and/or attendant
(e.g. doctor, nurse, etc.). Additionally, depending on the
application, the diameter of the tube may vary.
[0035] FIG. 4A illustrates a cross-sectional view of an
exemplary embodiment of a conventional force sensor
assembly 400 retrofitted to additionally comprise a thin
membrane 401, a locking element 412, and a mechanical
gasket 411. Typically, conventional force sensor assem-
blies 400 comprise an isolation medium 405, a sense
element 407, and a substrate 404, but do not comprise

13 14 



EP 3 358 329 A2

9

5

10

15

20

25

30

35

40

45

50

55

a thin membrane 401 to separate the isolation medium
405 from the external medium. Thus, typically, the isola-
tion medium 405 may make direct contact with the ex-
ternal medium which may not be cost or time effective
(because the isolation medium 305 must comply with
FDA regulations and must be compatible with the exter-
nal medium). The exemplary embodiment of FIG. 4A il-
lustrates a method of retrofitting a conventional force sen-
sor assembly 400 by snapping the thin membrane 401
onto the support structure 403. Typically, the thin mem-
brane 401 may be set on top of the isolation medium 405,
and the locking element 412 may fit on top of the thin
membrane 401 so as to encompass the thin membrane
401 and tightly press the thin membrane 401 into place.
Typically, the locking element 412 may comprise approx-
imately the same diameter as the support structure 403
allowing it to snugly fit onto the force sensor assembly
400. Additionally, the outer circumference of the locking
element 412 may comprise a mechanical gasket. In the
exemplary embodiment of FIG. 4A, the mechanical gas-
ket 411 is an O-ring. Typically, the O-ring may seal the
interface between the force sensor assembly 400 and
the external attachment element. Typically, the O-ring
may be located within a gland located around the outer
circumference of the locking element 412.
[0036] FIG. 4B illustrates a cross-sectional view of an
exemplary embodiment of a conventional force sensor
assembly 400 retrofit to additionally comprise a thin
membrane 401, a locking element 412, and a mechanical
gasket 411 (similar to the exemplary embodiment shown
in FIG. 4A). The exemplary embodiment of FIG. 4B com-
prises a different mechanical gasket 411 compared to
the exemplary embodiment of FIG. 4A. The exemplary
embodiment of FIG. 4B comprises a rectangular gasket.
Typically, the rectangular gasket may be placed within a
gland located around the outer circumference of the lock-
ing element 412. In some embodiments, the rectangular
gasket may be placed on top to serve as a face seal
between the force sensor assembly 400 and the external
attachment element.
[0037] Having described device embodiments above,
especially with regard to the figures, various additional
embodiments can include, but are not limited to the fol-
lowing:
[0038] In a first embodiment, a force sensor assembly
comprising: a sense element; an isolation medium,
wherein the isolation medium is configured to transfer a
force to the sense element; a thin membrane, wherein
the thin membrane is located adjacent to the isolation
medium and is configured to provide a shield between
an external medium and the isolation medium and trans-
fer a force from the external medium to the isolation me-
dium; and a substrate comprising electrical traces,
wherein the sense element is electrically connected to
the electrical traces on the substrate. A second embod-
iment can include the force sensor assembly of the first
embodiment, wherein the isolation medium comprises a
gel. A third embodiment can include the force sensor

assembly of the first to second embodiments, wherein
the substrate is formed from at least one of a ceramic or
a laminated board. A fourth embodiment can include the
force sensor assembly of the first to third embodiments,
further comprising a support structure, wherein the sup-
port structure is secured to a first side of the substrate,
and wherein the support structure is configured to en-
close/surround/encompass the isolation medium. A fifth
embodiment can include the force sensor assembly of
the first to fourth embodiments, wherein the thin mem-
brane is configured to lie between the support structure
and the isolation medium. A sixth embodiment can in-
clude the force sensor assembly of the first to fifth em-
bodiments, further comprising a secondary seal, wherein
the secondary seal is configured to seal the thin mem-
brane to the support structure. A seventh embodiment
can include the force sensor assembly of the first to sixth
embodiments, wherein the secondary seal is configured
to (permanently/non-removably) press fit/interference fit
within a gap/channel around the perimeter of the support
structure. An eighth embodiment can include the force
sensor assembly of the first to seventh embodiments,
wherein the secondary seal is configured to press-fit with
the support structure in a manner which allows the thin
membrane to stretch uniformly in each direction from a
center of the isolation medium, wherein the thin mem-
brane takes on the shape of the isolation medium, and
wherein the air between the thin membrane and the iso-
lation medium is substantially removed. A ninth embod-
iment can include the force sensor assembly of the first
to eighth embodiments, wherein the secondary seal and
the thin membrane are fused together. A tenth embodi-
ment can include the force sensor assembly of the first
to ninth embodiments, wherein the thin membrane is re-
placeable/disposable (and the material of the thin mem-
brane varies depending on the application of the force
sensor assembly). An eleventh embodiment can include
the force sensor assembly of the first to tenth embodi-
ments, wherein the isolation medium is FDA compliant
or an extensively tested gel complying with FDA stand-
ards. A twelfth embodiment can include the force sensor
assembly of the first to eleventh embodiments, wherein
the sense element is electrically connected to the elec-
trical traces on the substrate using wire bonds. A thir-
teenth embodiment can include the force sensor assem-
bly of the first to twelfth embodiments, wherein the sense
element comprises a diaphragm, wherein the sense el-
ement is secured to a first and/or second side of the sub-
strate, and wherein the sense element may be surround-
ed/enclosed by the support structure. A fourteenth em-
bodiment can include the force sensor assembly of the
first to thirteenth embodiments, wherein the sense ele-
ment is configured to lay adjacent to the thin membrane,
and wherein the sense element is configured to send an
output signal to the substrate in response to a change in
force. A fifteenth embodiment can include the force sen-
sor assembly of the first to fourteenth embodiments,
wherein the substrate comprises an aperture configured
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to allow fluid communication of the isolation medium be-
tween the thin membrane and the sense element and/or
wherein the substrate comprises an aperture to form a
pressure path between the sense element and the ex-
ternal environment and/or wherein the sense element
lays adjacent to/surrounds the aperture within the sub-
strate. A sixteenth embodiment can include the force sen-
sor assembly of the first to fifteenth embodiments, further
comprising a locking element, wherein the locking ele-
ment is configured to allow replaceable/removable at-
tachment of the thin membrane to the force sensor as-
sembly. A seventeenth embodiment can include the force
sensor assembly of the first to sixteenth embodiments,
wherein the locking element (interfaces with the second-
ary seal and) encloses the outer perimeter of the support
structure. An eighteenth embodiment can include the
force sensor assembly of the first to seventeenth embod-
iments, wherein the locking element is configured to
snap-fit onto the support structure. A nineteenth embod-
iment can include the force sensor assembly of the first
to eighteenth embodiments, wherein the locking element
is configured to clip onto the support structure. A twenti-
eth embodiment can include the force sensor assembly
of the first to nineteenth embodiments, wherein the lock-
ing element is set back from the thin membrane such that
the thin membrane (slightly) projects outward from the
force sensor assembly. A twenty-first embodiment can
include the force sensor assembly of the first to twentieth
embodiments, wherein the locking element is integrated
with the thin membrane, and wherein the locking element
and the thin membrane are disposable. A twenty-second
embodiment can include the force sensor assembly of
the first to twenty-first embodiments, wherein the locking
element further comprises an attachment feature. A
twenty-third embodiment can include the force sensor
assembly of the first to twenty-second embodiments,
wherein the attachment feature is tubular, wherein the
attachment feature comprises a longitudinal
bore/through-hole (centered around the centerline) and
a sidewall aperture, and wherein the sidewall aperture is
configured to lay adjacent to and surround/encompass
the thin membrane of the force sensor assembly. A twen-
ty-fourth embodiment can include the force sensor as-
sembly of the first to twenty-third embodiments, further
comprising a gasket configured to interface with an ex-
ternal attachment element (located in gland between the
external attachment element and the locking element or
located on top of the locking element).
[0039] Exemplary embodiments might also relate to a
method for sensing force using a force sensor assembly
(e.g. similar to those described above, which may be con-
sidered optionally incorporated herein with respect to the
discussion of the system). Such method embodiments,
for example, might include, but are not limited to, the
following:
[0040] In a twenty-fifth embodiment a method for sens-
ing force comprising: applying a force to a thin membrane
of a force sensor assembly; transmitting the force through

the thin membrane to an isolation medium in contact with
the thin membrane; retaining the thin membrane in po-
sition relative to the isolation medium using a support
structure; transferring the force from the isolation medium
to a sense element of a force sensor; deflecting at least
a portion of the sense element due to the force; gener-
ating an output signal from the sense element in response
to the deflection of the sense element; and shielding the
isolation medium from an environment using the thin
membrane during the applying of the force. A twenty-
sixth embodiment can include the method of the twenty-
fifth embodiment, further comprising: removably detach-
ing the thin membrane from the force sensor assembly;
and removably attaching a new thin membrane to the
force sensor assembly. A twenty-seventh embodiment
can include the method of the twenty-fifth to twenty-sixth
embodiments, wherein deflecting at least a portion of the
sense element comprises compressing the thin mem-
brane and the isolation medium. A twenty-eighth embod-
iment can include the method of the twenty-fifth to twenty-
seventh embodiments, wherein the magnitude of the ap-
plied force is electrically communicated to the substrate
by the sense element. A twenty-ninth embodiment can
include the method of the twenty-fifth to twenty-eighth
embodiments, wherein the force sensor assembly com-
prises: a sense element; an isolation medium, wherein
the isolation medium is configured to transfer a force to
the sense element; a thin membrane, wherein the thin
membrane is located adjacent to the isolation medium
and is configured to provide a shield between an external
medium and the isolation medium and transfer a force
from the external medium to the isolation medium; and
a substrate comprising electrical traces, wherein the
sense element is electrically connected to the electrical
traces on the substrate. A thirtieth embodiment can in-
clude the method of the twenty-fifth to twenty-ninth em-
bodiments, wherein the isolation medium comprises a
gel. A thirty-first embodiment can include the method of
the twenty-fifth to thirtieth embodiments, wherein the sub-
strate is formed from at least one of a ceramic or a lam-
inated board. A thirty-second embodiment can include
the method of the twenty-fifth to thirty-first embodiments,
further comprising a support structure, wherein the sup-
port structure is secured to a first side of the substrate,
and wherein the support structure is configured to en-
close/surround/encompass the isolation medium. A thir-
ty-third embodiment can include the method of the twen-
ty-fifth to thirty-second embodiments, wherein the thin
membrane is configured to lie between the support struc-
ture and the isolation medium. A thirty-fourth embodi-
ment can include the method of the twenty-fifth to thirty-
third embodiments, further comprising a secondary seal,
wherein the secondary seal is configured to seal the thin
membrane to the support structure. A thirty-fifth embod-
iment can include the method of the twenty-fifth to thirty-
fourth embodiments, wherein the secondary seal is con-
figured to (permanently/non-removably) press fit/inter-
ference fit within a gap/channel around the perimeter of
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the support structure. A thirty-sixth embodiment can in-
clude the method of the twenty-fifth to thirty-fifth embod-
iments, wherein the secondary seal is configured to
press-fit with the support structure in a manner which
allows the thin membrane to stretch uniformly in each
direction from a center of the isolation medium, wherein
the thin membrane takes on the shape of the isolation
medium, and wherein the air between the thin membrane
and the isolation medium is substantially removed. A thir-
ty-seventh embodiment can include the method of the
twenty-fifth to thirty-sixth embodiments, wherein the sec-
ondary seal and the thin membrane are fused together.
A thirty-eighth embodiment can include the method of
the twenty-fifth to thirty-seventh embodiments, wherein
the thin membrane is replaceable/disposable (and the
material of the thin membrane varies depending on the
application of the force sensor assembly). A thirty-ninth
embodiment can include the method of the twenty-fifth
to thirty-eighth embodiments, wherein the isolation me-
dium is FDA compliant or an extensively tested gel com-
plying with FDA standards. A fortieth embodiment can
include the method of the twenty-fifth to thirty-ninth em-
bodiments, wherein the sense element is electrically con-
nected to the electrical traces on the substrate using wire
bonds. A forty-first embodiment can include the method
of the twenty-fifth to fortieth embodiments, wherein the
sense element comprises a diaphragm, wherein the
sense element is secured to a second side of the sub-
strate. A forty-second embodiment can include the meth-
od of the twenty-fifth to forty-first embodiments, wherein
the sense element is configured to lay adjacent to the
thin membrane, and wherein the sense element is con-
figured to send an output signal to the substrate in re-
sponse to a change in force. A forty-third embodiment
can include the method of the twenty-fifth to forty-second
embodiments, wherein the substrate comprises an ap-
erture configured to allow fluid communication of the iso-
lation medium between the thin membrane and the sense
element. A forty-fourth embodiment can include the
method of the twenty-fifth to forty-third embodiments, fur-
ther comprising a locking element, wherein the locking
element is configured to allow replaceable/removable at-
tachment of the thin membrane to the force sensor as-
sembly. A forty-fifth embodiment can include the method
of the twenty-fifth to forty-fourth embodiments, wherein
the locking element (interfaces with the secondary seal
and) encloses the outer perimeter of the support struc-
ture. A forty-sixth embodiment can include the method
of the twenty-fifth to forty-fifth embodiments, wherein the
locking element is configured to snap-fit onto the support
structure. A forty-seventh embodiment can include the
method of the twenty-fifth to forty-sixth embodiments,
wherein the locking element is configured to clip onto the
support structure. A forty-eighth embodiment can include
the method of the twenty-fifth to forty-seventh embodi-
ments, wherein the locking element is set back from the
thin membrane such that the thin membrane (slightly)
projects outward from the force sensor assembly. A forty-

ninth embodiment can include the method of the twenty-
fifth to forty-eighth embodiments, wherein the locking el-
ement is integrated with the thin membrane, and wherein
the locking element and the thin membrane are dispos-
able. A fiftieth embodiment can include the method of the
twenty-fifth to forty-ninth embodiments, wherein the lock-
ing element further comprises an attachment feature. A
fifty-first embodiment can include the method of the twen-
ty-fifth to fiftieth embodiments, wherein the attachment
feature is tubular, wherein the attachment feature com-
prises a longitudinal bore/through-hole (centered around
the centerline) and a sidewall aperture, and wherein the
sidewall aperture is configured to lay adjacent to and sur-
round/encompass the thin membrane of the force sensor
assembly. A fifty-second embodiment can include the
method of the twenty-fifth to fifty-first embodiments fur-
ther comprising a gasket configured to interface with an
external attachment element (located in gland between
the external attachment element and the locking element
or located on top of the locking element).
[0041] While various embodiments in accordance with
the principles disclosed herein have been shown and de-
scribed above, modifications thereof may be made by
one skilled in the art without departing from the spirit and
the teachings of the disclosure. The embodiments de-
scribed herein are representative only and are not intend-
ed to be limiting. Many variations, combinations, and
modifications are possible and are within the scope of
the disclosure. Alternative embodiments that result from
combining, integrating, and/or omitting features of the
embodiment(s) are also within the scope of the disclo-
sure. Accordingly, the scope of protection is not limited
by the description set out above, but is defined by the
claims which follow, that scope including all equivalents
of the subject matter of the claims. Each and every claim
is incorporated as further disclosure into the specifica-
tion, and the claims are embodiment(s) of the present
invention(s). Furthermore, any advantages and features
described above may relate to specific embodiments, but
shall not limit the application of such issued claims to
processes and structures accomplishing any or all of the
above advantages or having any or all of the above fea-
tures.
[0042] Additionally, the section headings used herein
are provided for consistency with the suggestions under
37 C.F.R. 1.77 or to otherwise provide organizational
cues. These headings shall not limit or characterize the
invention(s) set out in any claims that may issue from this
disclosure. Specifically and by way of example, although
the headings might refer to a "Field," the claims should
not be limited by the language chosen under this heading
to describe the so-called field. Further, a description of
a technology in the "Background" is not to be construed
as an admission that certain technology is prior art to any
invention(s) in this disclosure. Neither is the "Summary"
to be considered as a limiting characterization of the in-
vention(s) set forth in issued claims. Furthermore, any
reference in this disclosure to "invention" in the singular
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should not be used to argue that there is only a single
point of novelty in this disclosure. Multiple inventions may
be set forth according to the limitations of the multiple
claims issuing from this disclosure, and such claims ac-
cordingly define the invention(s), and their equivalents,
that are protected thereby. In all instances, the scope of
the claims shall be considered on their own merits in light
of this disclosure, but should not be constrained by the
headings set forth herein.
[0043] Use of broader terms such as "comprises," "in-
cludes," and "having" should be understood to provide
support for narrower terms such as "consisting of," "con-
sisting essentially of," and "comprised substantially of."
Use of the terms "optionally," "may," "might," "possibly,"
and the like with respect to any element of an embodi-
ment means that the element is not required, or alterna-
tively, the element is required, both alternatives being
within the scope of the embodiment(s). Also, references
to examples are merely provided for illustrative purposes,
and are not intended to be exclusive.
[0044] While several embodiments have been provid-
ed in the present disclosure, it should be understood that
the disclosed systems and methods may be embodied
in many other specific forms without departing from the
spirit or scope of the present disclosure. The present ex-
amples are to be considered as illustrative and not re-
strictive, and the intention is not to be limited to the details
given herein. For example, the various elements or com-
ponents may be combined or integrated in another sys-
tem, or certain features may be omitted or not implement-
ed.
[0045] Also, techniques, systems, subsystems, and
methods described and illustrated in the various embod-
iments as discrete or separate may be combined or in-
tegrated with other systems, modules, techniques, or
methods without departing from the scope of the present
disclosure. Other items shown or discussed as directly
coupled or communicating with each other may be indi-
rectly coupled or communicating through some interface,
device, or intermediate component, whether electrically,
mechanically, or otherwise. Other examples of changes,
substitutions, and alterations are ascertainable by one
skilled in the art and could be made without departing
from the spirit and scope disclosed herein.

Claims

1. A force sensor assembly [100] comprising:

a sense element [117];
an isolation medium [105], wherein the isolation
medium [105] is configured to transfer a force
to the sense element [117];
a thin membrane [101], wherein the thin mem-
brane [101] is located adjacent to the isolation
medium [105] and is configured to provide a
shield between an external medium [118] and

the isolation medium [105] and transfer a force
from the external medium [118] to the isolation
medium [105]; and
a substrate [104] comprising electrical traces
[119], wherein the sense element [117] is elec-
trically connected to the electrical traces [119]
on the substrate [104].

2. The force sensor assembly of claim 1, wherein the
isolation medium [105] comprises a gel.

3. The force sensor assembly of claim 1, wherein the
substrate [104] is formed from at least one of a ce-
ramic or a laminated board, wherein the substrate
[104] comprises an aperture [108], and wherein the
sense element [117] lies adjacent to the aperture
[108].

4. The force sensor assembly of claim 1, further com-
prising a support structure [103], wherein the support
structure [103] is secured to a first side of the sub-
strate [104], and wherein the support structure [103]
is configured to enclose the isolation medium [105].

5. The force sensor assembly of claim 1, wherein the
thin membrane [101] is configured to lay above the
support structure [103] and the isolation medium
[105].

6. The force sensor assembly of claim 5, further com-
prising a secondary seal [102], wherein the second-
ary seal [102] is configured to seal the thin membrane
[101] to the support structure [103].

7. The force sensor assembly of claim 6, wherein the
secondary seal [102] is configured to press-fit onto
the support structure [103] in a manner which allows
the thin membrane [101] to stretch uniformly in each
direction from a center of the isolation medium [105],
wherein the thin membrane [101] takes on the shape
of the isolation medium [105], and wherein the air
between the thin membrane [101] and the isolation
medium [105] is substantially removed.

8. The force sensor assembly of claim 6, wherein the
secondary seal [102] and the thin membrane [101]
are fused together.

9. The force sensor assembly of claim 5, wherein the
thin membrane [101] is disposable.

10. The force sensor assembly of claim 1, wherein the
sense element [117] is electrically connected to the
electrical traces [119] on the substrate [104] using
wire bonds, and wherein the sense element [117] is
configured to send an output signal to the substrate
[104] in response to a change in force.
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11. The force sensor assembly of claim 10, wherein the
sense element [117] comprises a diaphragm [106],
wherein the sense element [117] is secured to the
first side of the substrate [104], and wherein the
sense element [117] is surrounded by the support
structure [103].

12. The force sensor assembly of claim 5, further com-
prising a locking element [212], wherein the locking
element [212] is configured to allow removable at-
tachment of the thin membrane [201] to the force
sensor assembly [200], and wherein the locking el-
ement [212] encloses the outer perimeter of the sup-
port structure [203].

13. The force sensor assembly of claim 12, wherein the
locking element [312] further comprises an attach-
ment feature [316], wherein the attachment feature
[316] comprises a longitudinal bore [314] and a side-
wall aperture [313], and wherein the sidewall aper-
ture [313] is configured to lay adjacent to and sur-
round/encompass the thin membrane [301] of the
force sensor assembly [300].

14. A method of sensing force comprising:

applying a force to a thin membrane of a force
sensor assembly;
transmitting the force through the thin mem-
brane to an isolation medium in contact with the
thin membrane;
retaining the thin membrane in position relative
to the isolation medium using a support struc-
ture;
transferring the force from the isolation medium
to a sense element of a force sensor;
deflecting at least a portion of the sense element
due to the force;
generating an output signal from the sense ele-
ment in response to the deflection of the sense
element; and
shielding the isolation medium from an environ-
ment using the thin membrane during the apply-
ing of the force.

15. The method of claim 14, further comprising:

removably detaching the thin membrane from
the force sensor assembly; and
removably attaching a new thin membrane to
the force sensor assembly.
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