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PRESSURE SENSOR

FIELD OF THE INVENTION

[0001] The application relates to sensors. More particu-
larly, the application relates to sensors for detecting pres-
sures of fluids, including gasses.

BACKGROUND OF THE INVENTION

[0002] A pressure sensor (or transducer) converts a pres-
sure acting thereon to an electrical signal as a function of the
pressure imposed. These sensors are generally embodied in
pressure sensor packages, and include a pressure-sensing
device such as a silicon die. Such devices are typically
manufactured using micro-machined or Micro-Electro-Me-
chanical System (MEMS) based techniques. One common
technique for manufacturing a pressure sensor package is to
attach a MEMS device onto a substrate, such as a ceramic
or printed circuit board (PCB) substrate. Enabling circuit
components such as application-specific integrated circuits
(ASICs), as well as conductive bonding pads and/or elec-
trical traces, may be mounted to or formed on the substrate
for electrically connecting to the MEMS device to perform
desired functions (e.g. analog to digital conversion and/or
amplification).

[0003] Various pressure sensor topologies have been
developed for a wide variety of applications. One important
field of use includes medical applications for monitoring, for
example, the heart rate of a patient. Existing sensors used in
this field, including wearable devices, utilize a gel-filled
housing for transmitting pressure waves from a sensing end
thereof that is arranged in contact with a patient, to a
pressure-sensitive die also arranged within the gel-filled
housing. In addition to providing a pressure-transmitting
medium, the gel acts to protect electronic components of the
sensor package from moisture and other detrimental envi-
ronmental characteristics, for example. These gel-filled sen-
sors, however, suffer several drawbacks. Notably, the gel
used in these embodiments is subject to damage if excessive
force is applied to exposed surfaces thereof. Likewise,
excessive cyclical loads placed on the gel can damage the
electrical components of the package, including the bond
wires used to establish electrical connections between sensor
elements. As the gel has significant mass, these pressure
sensors also tend to be sensitive to accelerative forces, which
can lead to inaccurate measurements.

[0004] Alternative pressure sensor systems and methods
are desired.

SUMMARY

[0005] In one embodiment of the present disclosure a
sensor for measuring pressure is provided. The sensor
includes a substrate having a first housing defining a gas-
filled interior cavity arranged thereon. An elastic sealing
element is attached to a free end of the first housing and
generally covers an open end of the interior cavity for
sealing the interior cavity with respect to an external envi-
ronment. A portion of the elastic sealing element is config-
ured to be moveable in response to a pressure acting thereon.
A semiconductor die is arranged on the substrate and defines
a pressure sensing diaphragm exposed to the gas occupying
the interior cavity.

[0006] In another embodiment of the present disclosure, a
pressure sensor comprises a first housing defining a first
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cavity space formed therein. A semiconductor die is in
communication with the first cavity space and is configured
to convert a pressure acting thereon into a corresponding
electrical signal. An elastic sealing element is arranged on
the first housing and covers an open end of the first cavity
space. A portion of the elastic sealing element is configured
to be moveable in response to a pressure acting thereon. A
mechanical stop is arranged between the moveable portion
of the elastic sealing element and the semiconductor die.
[0007] In yet another embodiment of the present disclo-
sure, a method of measuring a physiological signal such as
a heart rate of a patient is provided. The method includes the
step of placing an exposed side of an elastic pressure-
sensitive sealing element of a heart rate sensor in contact
with the patient. A pressure acting on the exposed side of the
pressure-sensitive sealing element and transmitted through a
gas-filled interior of a housing of the heart rate sensor is
detected with a pressure-sensing semiconductor die exposed
to the gas-filled interior of the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A is a cross-sectional view of a gauge or
differential pressure sensor package according to the prior
art.

[0009] FIG. 1B is a simplified top view of the pressure
sensor package of FIG. 1A.

[0010] FIG. 2 is a cross-sectional view of an absolute
pressure sensor package according to the prior art.

[0011] FIG. 3 is a partial cross-sectional view of a gel-
filled pressure sensor package according to the prior art.
[0012] FIG. 4A is a cross-sectional view of a pressure
sensor package according to an embodiment of the present
disclosure.

[0013] FIG. 4B is a top view of the pressure sensor
package of FIG. 4A.

[0014] FIG. 4C is another cross-sectional view of the
pressure sensor package of FIG. 4A.

[0015] FIG. 5A is a cross-sectional view of a pressure
sensor package according to another embodiment of the
present disclosure.

[0016] FIG. 5B is perspective view of the pressure sensor
package of FIG. 5A.

[0017] FIG. 6A is a cross-sectional view of a pressure
sensor package according to another embodiment of the
present disclosure.

[0018] FIG. 6B is a top view of the pressure sensor
package of FIG. 6A.

[0019] FIG. 6C is another cross-sectional view of the
pressure sensor package of FIG. 6A.

DETAILED DESCRIPTION

[0020] It is to be understood that the figures and descrip-
tions of the present invention have been simplified to
illustrate elements that are relevant for a clear understanding
of the present invention, while eliminating, for purposes of
clarity, many other elements found in typical sensing sys-
tems, such as MEMS-based pressure sensors. However,
because such elements are well known in the art, and
because they do not facilitate a better understanding of the
present invention, a discussion of such elements is not
provided herein. The disclosure herein is directed to all such
variations and modifications known to those skilled in the
art.
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[0021] In the following detailed description, reference is
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the invention
may be practiced. It is to be understood that the various
embodiments of the invention, although different, are not
necessarily mutually exclusive. Furthermore, a particular
feature, structure, or characteristic described herein in con-
nection with one embodiment may be implemented within
other embodiments without departing from the scope of the
invention. In addition, it is to be understood that the location
or arrangement of individual elements within each disclosed
embodiment may be modified without departing from the
scope of the invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope
of the present invention is defined only by the appended
claims, appropriately interpreted, along with the full range
of equivalents to which the claims are entitled. In the
drawings, like numerals refer to the same or similar func-
tionality throughout several views.

[0022] FIGS. 1A and 1B illustrate a simplified MEMS
pressure sensor package 100 of the prior art. Pressure sensor
package 100 includes a sensing device or sensing die 110
formed from, for example, a semiconductor material such as
a silicon wafer. As illustrated, die 110 has been selectively
thinned to define a cavity 115 and a corresponding dia-
phragm 112. Die 110 may be thinned by any suitable means,
for example, using anisotropic or dry etching as known in
the art. One or more piezo-resistive elements 113, for
example, are placed or formed on a surface of diaphragm
112. Each element 113 is configured to exhibit a resistance
that is proportional to the strain placed on the thinned
semiconductor material defining diaphragm 112. Thus,
deflection of diaphragm 112 in response to a pressure acting
thereon applies strain to elements 113.

[0023] Pressure sensing die 110 may be mounted directly
to a substrate (e.g. a ceramic or PCB substrate) via, for
example, an adhesive material. In the illustrated embodi-
ment, die 110 is mounted to a support structure or constraint
120 which is bonded or otherwise adhered to the substrate
for isolating die 110 from interfering sources of strain, such
as the thermal expansion of the substrate material. An
opening or aperture 125 may be defined in constraint 120 for
providing communication between a reference pressure
source (e.g. atmospheric or other reference pressure) and an
underside of a diaphragm 112 of die 110, by way of
non-limiting example only. In this way pressure sensor
package 100 may be configured as a gauge pressure sensor
or a differential pressure sensor. It should be understood that
other pressure sensor packages may be configured to per-
form absolute pressure measurements. As illustrated in FIG.
2, absolute pressure sensor package 200 comprises features
similar to those of pressure sensor package 100 of FIGS. 1A
and 1B, however, an aperture may not be formed in a
mounting substrate and/or constraint 220. Rather, cavity 215
may be maintained in vacuum while a top side of diaphragm
212 of die 210 is exposed to a medium to be measured.

[0024] Referring again to FIGS. 1A and 1B, electrical
connections between pressure sensing die 110 and electrical
features such as bond pads, metalized conductors, or elec-
trical components such as one or more ASICs, may be made
via one or more bond wires 108 attached to bond pads 107
formed on die 110. These features may be mounted to or
formed on a substrate of the sensor package, or arranged
remotely therefrom. When a force is exerted on die 110, an
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electrical signal supplied through piezo-resistive elements
113 varies responsive to the deflection of diaphragm 112.
Thus, a resulting output electrical signal is representative of
the force applied to the surface of the pressure sensing die
110. An output electrical signal may be provided via bond
wires 108 to other system circuitry, such as a control or
calibration circuit for generating pressure data from the
output electrical signal. This pressure data may be stored, by
way of non-limiting example, in an electronic memory.
Pressure data may also be provided to other processing
components for purposes such as display, control signals,
actuation, diagnostic purposes or other purposes.

[0025] Referring generally to FIG. 3, a pressure sensor
package 300 utilizing a gel-filled housing according to the
prior art is shown. Pressure sensor package 300 includes a
pressure sensing die 310, such as a semiconductor (e.g.
silicon) die. As set forth above, die 310 may be selectively
thinned to form a diaphragm 312 having, for example,
piezo-resistive elements 314 arranged thereon for detecting
diaphragm strain in response to pressure acting thereon. Die
310 is mounted to a substrate 320, such as a ceramic or PCB
substrate. Substrate 320 may be selectively metalized on a
first or top surface 321 thereof for forming electrically
conductive features for establishing operational connections
with die 310. By way of example, one or more conductive
traces 332 may be formed on top surface 321. Bond wires
340 may also be provided for forming electrical connections
between die 310 and conductive traces 332. Other electrical
components, such as one or more ASICs 334, may also be
arranged on substrate 320 for providing additional function-
ality to the package. This signal conditioning circuitry may
provide for, for example, amplification, analog-to-digital
conversion, offset compensation circuitry, and/or other suit-
able signal conditioning electronics.

[0026] Sensor package 300 further comprises a generally
hollow cylindrical housing 350. Housing 350 is arranged on
substrate 320 and generally over die 310, ASIC 334, por-
tions of conductive traces 332 and bond wires 340, such that
these features are arranged within an interior cavity 352
defined by housing 350. A force-transmitting or communi-
cating gel or other elastomeric material 355 is used to fill
interior cavity 352. In operation, force acting on a sensing
end 365 of housing 350 in the indicated direction is com-
municated to diaphragm 312 of die 310 via gel 355. In
addition to transmitting force, gel 355 functions to protect
and/or isolate die 310, ASIC 334, conductive traces 332 and
bond wires 340 from an external environment 360. In
addition to causing inaccuracies under certain conditions
(e.g. when the sensor is subject to accelerative forces), gel
355 is known to cause damage to bond wires 340 and/or
other sensitive components within interior cavity 352 under
certain conditions.

[0027] FIGS. 4A, 4B and 4C illustrate a simplified pres-
sure sensor package 400 according to an embodiment of the
present disclosure. In the exemplary embodiment, pressure
sensor package 400 includes a pressure sensing die 410
defining a diaphragm 412. Die 410 comprises, by way of
example only, a plurality of piezo-resistive elements con-
figured to detect diaphragm strain. Die 410 is mounted on a
first or top surface 421 of a substrate 420 (e.g. a ceramic or
PCB substrate) forming a hermetic seal therewith around its
perimeter. In some embodiments, pressure sensor package
400 may be embodied as an absolute pressure sensor pack-
age, whereby aperture 413 is not present, and a cavity 414
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defined between die 410 and top surface 421 of substrate 420
is held in vacuum. In other embodiments, pressure senor
package may be embodied as a gauge or differential pressure
sensor, wherein die 410 is mounted over optional aperture
413 formed through substrate 420 such that pressure sensing
diaphragm 412 is also exposed to reference pressure source
via aperture 413. Optionally, one or more components, such
as an ASIC 436 are also arranged on top surface 421 of
substrate 420. Electrical connections between ASIC 436 and
die 410 (as well as other components) may be made via bond
wires.

[0028] In one embodiment, ASIC 436 is configured (i.e.
programmed) to, in response to positioning the sensor onto
a body surface and receiving a pressure or force acting on
pressure sensing die 410, generate a value indicative of a
heart rate of a patient. This value is indicative of the
frequency of detected pressure or detected pressure peaks
acting on pressure sensing die 410 and thus, corresponds to
the frequency of contractions of a heart of the patient or beat
to beat intervals (e.g. beats per minute or BPM). While an
ASIC is illustrated, it is contemplated that signal condition-
ing circuitry may be provided in any suitable form, such as
by one or more microprocessors or microcontrollers, as
desired for performing the desired functions.

[0029] Sensor package 400 further comprises a housing or
housing member 450 (e.g. a metallic or polymer housing)
arranged on top surface 421 of substrate 420. In one embodi-
ment, housing 450 may comprise a generally cylindrical
outer profile. Housing 450 includes a body portion having a
peripheral wall 451 defining a first cavity space or recess 452
at a first end thereof. As shown, first cavity space 452 is
defined generally between a protrusion or wall portion 454
of peripheral wall 451 that extends radially-inward with
respect to a central axis A of sensor package 400 and top
surface 421 of substrate 420. Peripheral wall 451 of housing
450 further defines a second cavity space 485 at a second
end of housing 450. First cavity space 452 and second cavity
space 485 are at least partially separated from one another by
wall portion 454. Wall portion 454 of peripheral wall 451
further defines an aperture 470. Aperture 470 is configured
(i.e. sized and located) to provide fluid (e.g. air) communi-
cation between first cavity space 452 and second cavity
space 485, and thus between second cavity space 485 and
diaphragm 412 of die 410.

[0030] An elastic sealing element or cap 480 is provided
and configured to attach to the open second end of housing
450 and generally over second cavity space 485. Sealing
element 480 is configured to isolate second cavity space 485
from an external environment 490 such that once fitted, first
and second cavity spaces 452,485, as well as aperture 470,
are filled with a fixed or closed volume of fluid (e.g. gas),
such as air under atmospheric pressure. Sealing element 480
may comprise a moveable dome-shaped or arcuate portion
481 of which protrudes in a direction away from second
cavity space 485 in an unbiased state (wherein no external
forces are acting thereon sufficient to deform the element).
Arcuate portion 481 is configured so that its outer surface is
to be placed into contact with, for example, the skin of a
patient for enable sensing operations, such as heart rate
monitoring.

[0031] Referring generally to FIG. 4C, in operation, a
force acting on sealing element 480 in the indicated direc-
tion P is operative to flex a portion of sealing element 480
(e.g. arcuate portion 481) in a like direction, pressurizing the
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fixed volume of gas maintained within housing 450 (i.e.
within first and second cavity spaces 452,485 and aperture
470). In this way, sealing element 480 acts as a diaphragm
for transmitting pressure acting thereon to diaphragm 412 of
die 410. Accordingly, the elasticity and/or stiffness of seal-
ing element 480 should be selected such that a suitable
sensitivity is achieved for a desired application. Moreover,
as set forth above, wall portion 454 of peripheral wall 451
extends generally from an outer or peripheral portion of
housing 450, radially inward toward a central axis (axis A,
FIG. 4A) of sensor package 400. Accordingly, at least some
of wall portion 454 is arranged generally beneath sealing
element 480, and more specifically movable arcuate portion
481 thereof, in an axial direction. According, wall portion
454 is configured as a mechanical stop, limiting excessive
downward motion (i.e. motion in the direction of pressure P)
of sealing element 480, and thus protecting, for example,
sensing die 410 from damage therefrom.

[0032] As shown in FIGS. SA and 5B, in an alternate
embodiment of the present disclosure, a sealing element 580
of a sensor package 500 having features similar to those set
forth above with respect to FIGS. 4A-4C may comprise a
generally flat or planar profile 581 and may have a protru-
sion 582 (e.g. a cylindrical protrusion) extending generally
perpendicularly therefrom for engaging with a measurement
surface (e.g. a patient’s skin). Protrusion 582 may be located
generally coaxially with a central axis B of pressure sensor
package 500.

[0033] FIGS. 6A-6C illustrate another pressure sensor
assembly or package 600 according to an embodiment of the
present disclosure. Package 600 includes a sensing die 610
defining a diaphragm 612. Die 610 may comprise, by way of
example, only, a plurality of piezo-resistive elements or
other elements configured to detect diaphragm strain or
other characteristics indicative of pressure acting thereon.
Die 610 is mounted (e.g. via an adhesive) to a bottom
surface 622 of a substrate 620 (e.g. a ceramic or PCB
substrate), forming a hermetic seal therewith around its
perimeter. One or more components, such as an ASIC 636
may also be attached to bottom surface 622 of substrate 620.
Electrical connections between ASIC 636 and die 610 (as
well as other components) may be made via bond wires (not
shown), as is understood in the art.

[0034] Sensor package 600 further comprises a first hous-
ing or housing member 602 (e.g. a metallic or polymer
housing) arranged over die 610 and ASIC 636 and attached
to (e.g. via an adhesive) bottom surface 622 of substrate 620.
In one embodiment, first housing 602 may be generally
cylindrical in profile and includes a peripheral or annular
wall 603 and an end wall 604 defining a first cavity space or
recess 605. First housing 602 is configured to isolate first
cavity space 605, including die 610 and ASIC 636, from an
external environment 690. As illustrated, pressure sensor
package 600 may be embodied as an absolute pressure
sensor package, wherein first cavity space 605 is held in
vacuum. In other embodiments, the pressure senor package
may be embodied as a gauge or differential pressure sensor,
wherein an aperture may be formed through first housing
602 such that pressure sensing diaphragm 612 is exposed to
a reference pressure.

[0035] Sensor package 600 further comprises a second
housing or housing member 650 (e.g. a metallic or polymer
housing) arranged on a top surface 621 of substrate 620,
generally opposite bottom surface 622. In one embodiment,
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second housing 650 may be generally hollow, including a
peripheral or annular wall 651 defining a second cavity
space or recess 652 formed therethrough. Substrate 620
further comprises an aperture 670 formed therethrough.
Aperture 670 is configured (i.e. sized and located) to provide
communication between first cavity space 605 and a third
cavity space 665 defined between diaphragm 612 of die 610
and bottom side 622 of substrate 620.

[0036] An elastic sealing element or cap 680 is provided
and configured to attach to housing 650 over an open end of
second cavity space 652. Sealing element 680 is configured
to isolate second cavity space 652 from an external envi-
ronment 690 such that once attached, the second and third
cavity spaces 652,665 as well as aperture 670, are occupied
by a fixed or closed volume of gas, such as air. As set forth
above, sealing element 680 may comprise a moveable
arcuate portion 681 which protrudes in a direction away
from second cavity space 652 in an unbiased state. Arcuate
portion 681 is configured to be placed into contact with, for
example, the skin of a patient for enabling heart rate sensing.
As set forth above with respect to FIGS. 5A and 5B,
alternative sealing elements may be utilized in the embodi-
ment of FIGS. 6A-6C without departing from the scope of
the present disclosure.

[0037] As illustrated in FIG. 6C, in operation, a force
acting on sealing element 680 in the indicated direction P is
operative to flex or displace arcuate portion 681 of sealing
element 680 in a like direction. In this way, sealing element
680 acts to transmit pressure acting thereon through second
and third cavity spaces 652,665 via aperture 670, and thus
onto diaphragm 612 of die 610 where it may be detected. It
should be understood that as at least a portion of substrate
620 is arranged generally beneath moveable arcuate portion
681 of sealing element 680 with respect to the direction of
force P. In this way, top surface 621 of substrate 620 is
configured as a mechanical stop for limiting excessive travel
(i.e. motion in the direction of pressure P) of arcuate portion
681 of sealing element 680 for protecting, for example,
sensing die 610 from damage therefrom.

[0038] While embodiments of the present disclosure have
been described as utilizing, for example, piezo-resistive
elements to detect strain of a pressure-sensing diaphragm, it
should be understood that any suitable type of pressure-
sensing technology may be implemented without departing
from the scope of the present disclosure. For example,
pressure sensors disclosed herein may implement capacitive,
electromagnetic, piezoelectric, optical or thermal pressure-
sensing techniques, as will be understood by one of ordinary
skill in the art.

[0039] While the foregoing invention has been described
with reference to the above-described embodiment, various
modifications and changes can be made without departing
from the spirit of the invention. Accordingly, all such
modifications and changes are considered to be within the
scope of the appended claims. Accordingly, the specification
and the drawings are to be regarded in an illustrative rather
than a restrictive sense. The accompanying drawings that
form a part hereof, show by way of illustration, and not of
limitation, specific embodiments in which the subject matter
may be practiced. The embodiments illustrated are described
in sufficient detail to enable those skilled in the art to
practice the teachings disclosed herein. Other embodiments
may be utilized and derived therefrom, such that structural
and logical substitutions and changes may be made without
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departing from the scope of this disclosure. This Detailed
Description, therefore, is not to be taken in a limiting sense,
and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to
which such claims are entitled.

[0040] Such embodiments of the inventive subject matter
may be referred to herein, individually and/or collectively,
by the term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any single invention or inventive concept if more than one
is in fact disclosed. Thus, although specific embodiments
have been illustrated and described herein, it should be
appreciated that any arrangement calculated to achieve the
same purpose may be substituted for the specific embodi-
ments shown. This disclosure is intended to cover any and
all adaptations of variations of various embodiments. Com-
binations of the above embodiments, and other embodi-
ments not specifically described herein, will be apparent to
those of skill in the art upon reviewing the above descrip-
tion.

What is claimed is:
1. A pressure sensor comptising:
a substrate;

a first housing defining a gas-filled interior cavity
arranged on the substrate;

an elastic sealing element attached to a first end of the first
housing and generally covering an open end of the
interior cavity for sealing the interior cavity with
respect to an external environment, wherein a portion
of the elastic sealing element is configured to be
moveable in response to a pressure acting thereon; and
a semiconductor die arranged on the substrate and defin-
ing a pressure sensing diaphragm exposed to the gas
occupying the interior cavity.

2. The pressure sensor of claim 1, wherein the interior
cavity includes:

a first cavity space defined in the first end of the first

housing;

a second cavity space defined in a second end of the first

housing; and

an aperture defined in the first housing for providing fluid

communication between the first cavity space and the
second cavity space,

wherein the semiconductor die is arranged within the

second cavity space.

3. The pressure sensor of claim 2, wherein at least a
portion of the first housing is arranged between the move-
able portion of the elastic sealing element and the second
cavity space.

4. The pressure sensor of claim 3, wherein the first and
second cavity spaces and the aperture are occupied by an
enclosed volume of gas.

5. The pressure sensor of claim 1, wherein the elastic
sealing element is configured to transmit a force acting on a
surface thereof to the pressure sensing diaphragm.

6. The pressure sensor of claim 1, further comprising an
application specific integrated circuit (ASIC) arranged on
the substrate, wherein the ASIC is configured to generate an
output electrical signal indicative of a detected pressure
fluctuation by the pressure sensing diaphragm of the semi-
conductor die corresponding to a heart beat rate.
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7. The pressure sensor of claim 1, wherein the elastic
sealing element comprises a protrusion extending from an
exposed side thereof in a direction away from the interior
cavity.

8. The pressure sensor of claim 1, wherein the first
housing is arranged on a first surface of the substrate, and
wherein the pressure sensor further comprises a second
housing arranged on a second surface of the substrate,
opposite the first surface.

9. The pressure sensor of claim 8, wherein the semicon-
ductor die is arranged on the second surface of the substrate
and within the second housing. and wherein the pressure
sensing diaphragm of the semiconductor die is in fluid
communication with the interior cavity via an aperture
formed through the substrate.

10. The pressure sensor of claim 9, wherein at least a
portion of the substrate is arranged between the moveable
portion of the elastic sealing element and the pressure
sensing diaphragm of the semiconductor die.

11. The pressure sensor of claim 9, wherein the interior
cavity and the aperture are occupied by an enclosed volume
of gas.

12. The pressure sensor of claim 9, further comprising an
application specific integrated circuit (ASIC) arranged on
the second surface of the substrate and within the second
housing.

13. A pressure sensor comprising:

a first housing defining a first cavity space formed therein;

a semiconductor die in communication with the first

cavity space and configured to convert a pressure acting
thereon into a corresponding electrical signal;

an elastic sealing element arranged on the first housing

and covering an open end of the first cavity space,
wherein a portion of the elastic sealing element is
configured to be moveable in response to a pressure
acting thereon; and

amechanical stop arranged between the moveable portion

of the elastic sealing element and the semiconductor
die.

14. The pressure sensor of claim 13, wherein the first
housing further defines:
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a second cavity space; and

an aperture for providing fluid communication between
the first cavity space and the second cavity space,

wherein the semiconductor die is arranged within the
second cavity space.

15. The pressure sensor of claim 14, wherein the mechani-
cal stop comprises a protrusion formed between the first and
second cavity spaces, wherein the protrusion defines the
aperture.

16. The pressure sensor of claim 13, further comprising:

a substrate; and

a second housing,

wherein the first housing is arranged on a first surface of

the substrate,

wherein the second housing is arranged on a second

surface of the substrate, opposite the first surface, and
wherein the semiconductor die is arranged on the second
surface of the substrate and within the second housing.

17. The pressure sensor of claim 16, wherein the mechani-
cal stop comprises a portion of the first surface of the
substrate.

18. A method of measuring a heart rate of a patient
comprising:

placing an exposed side of an elastic pressure-sensitive

sealing element of a heart rate sensor in contact with the
patient; and

detecting a pressure acting on the exposed side of the

pressure-sensitive sealing element and transmitted
through a gas-filled interior of a housing of the heart
rate sensor with a pressure-sensing semiconductor die
exposed to the gas-filled interior of the housing.

19. The method of claim 18, further comprising the step
of calculating a value indicative of the heart rate of the
patient based on a frequency of the detected pressure with an
application specific integrated circuit (ASIC) of the heart
rate sensor.

20. The method of claim 19, further comprising the step
of outputting the value indicative of the heart rate of the
patient from the sensor.
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