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MEMS MICROPHONE WITH TENSIONED
MEMBRANE

TECHNICAL FIELD

[0001] Embodiments of the subject disclosure relate gen-
erally to micro electro-mechanical system (MEMS) micro-
phones, and particularly to MEMS microphones with ten-
sioned membranes.

BACKGROUND

[0002] MEMS microphones include a membrane that is
electrically isolated from a back plate. The membrane is
mechanically supported at a distance (e.g., typically 3 to 5
um) from the back plate. The membrane and the back plate
form a capacitor. Receipt of an audible signal (e.g. sound
pressure) causes the membrane to vibrate, which generates a
signal that represents the audio signal. This audio signal can
be amplified, recorded, or otherwise transmitted to another
electronic device.

[0003] Differences can exist between MEMS microphones
related to various properties of the MEMS microphones. The
various properties can include a sensitivity level of the
MEMS microphone, an audio bandwidth of the MEMS
microphone, a resonant frequency level, a maximum pressure
level, and so forth. Thus, a challenge associated with MEMS
microphones, and the fabrication of the MEMS microphones,
relates to selectively controlling the various properties such
that the MEMS microphone exhibits the desired properties.

SUMMARY

[0004] In one embodiment, a micro electro-mechanical
system (MEMS) microphone is provided. The MEMS micro-
phone is configured to operate over a predetermined range of
frequencies. Further, the MEMS microphone has a tensioned
membrane preset at a tension amount selected to cause the
MEMS microphone to operate at a predetermined sensitivity
level that is above a threshold sensitivity level.

[0005] In another embodiment, a method for fabricating a
micro electro-mechanical system (MEMS) microphone is
provided. The method includes selecting a tension amount of
a membrane to cause the MEMS microphone to operate at a
predetermined sensitivity level that is above a threshold sen-
sitivity level. Further, the MEMS microphone is configured to
operate over a predetermined range of frequencies. The
method also includes stretching the membrane to obtain the
tension amount.

[0006] According to another embodiment, a micro electro-
mechanical (MEMS) microphone is provided. The MEMS
microphone includes a package substrate comprising a port
disposed through the package substrate, wherein the port is
configured to receive acoustic waves. The MEMS micro-
phone also includes a lid mounted to the package substrate,
wherein the package substrate and the lid form a package
comprising an internal chamber. Further, the MEMS micro-
phone includes a tensioned membrane disposed in the inter-
nal chamber and electrically bonded to an application-spe-
cific integrated circuit (ASIC), which is bonded to the
package substrate. The tensioned membrane is positioned
such that the acoustic waves received at the port are incident
onthe tensioned membrane. Further, the tensioned membrane
is configured to operate over a predetermined range of fre-
quencies and the tensioned membrane is preset at a tension
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amount selected to cause the MEMS microphone to operate at
a predetermined sensitivity level.

[0007] A further understanding of the nature and the advan-
tages of particular embodiments disclosed herein can be real-
ized by reference of the remaining portions of the specifica-
tion and the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a block diagram of a MEMS
microphone integrated package.

[0009] FIG. 2 illustrates a scanning electron microscope
image of a membrane of a MEMS microphone.

[0010] FIG. 3 illustrates an example, non-limiting block
diagram, sectional view of a MEMS sensor, according to an
aspect.

[0011] FIG. 4 is an example, non-limiting graph demon-

strating the result of membrane tension amounts on the
MEMS microphone sensitivity level.

[0012] FIG. 5 is another example, non-limiting graph dem-
onstrating the result of membrane tension amounts on the
MEMS microphone bandwidth.

[0013] FIG. 6 is a further example, non-limiting graph
demonstrating the result of membrane tension amounts of the
MEMS microphone resonant frequency.

[0014] FIG. 7 illustrates example, non-limiting block dia-
gram sectional and top views of a MEMS sensor, according to
an aspect.

[0015] FIG. 8 illustrates an example, non-limiting method
for fabricating a MEMS microphone integrated package,
which can include the MEMS sensor according to FIG. 3, in
accordance with one or more embodiments described herein.
[0016] FIG. 9 illustrates an example, non-limiting method
for fabricating a MEMS microphone integrated package,
which can include the MEMS sensor according to FIG. 7, in
accordance with one or more embodiments described herein
[0017] FIG. 10 illustrates another example, non-limiting
method for fabricating a MEMS microphone integrated pack-
age, which can include the MEMS sensor of FIG. 3 and/or the
MEMS sensor of FIG. 7, in accordance with one or more
embodiments described herein.

DETAILED DESCRIPTION

[0018] A microphone is a device that converts sound pres-
sure from acoustic waves received at a sensor to electrical
signals. Microphones are used in numerous different appli-
cations including, but not limited to, hearing aids, voice recor-
dation systems, speech recognition systems, audio recording
and engineering, public and private amplification systems,
and the like.

[0019] MEMS microphones have numerous advantages as
compared to other microphones. Such advantages include,
but are not limited to, low power consumption, and high
performance. Additionally, MEMS microphones are avail-
able in small packages and facilitate use in a wide variety of
applications that require a device with a small footprint. A
MEMS microphone can function as a capacitive-sensing
device, or acoustic sensor, that includes a pressure-sensitive
membrane that vibrates in response to sound pressure result-
ant from an acoustic wave incident on the membrane. The
acoustic sensors are often fabricated employing silicon
wafers in highly automated production processes that deposit
layers of different materials on the silicon wafer and then
employ etching processes to create the membrane and a back
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plate. The air moves through the back plate to the membrane,
which deflects in response to the sound pressure associated
with the air.

[0020] The change in capacitance is converted into an elec-
trical signal. The electrical signal can be processed by an
application specific integrated circuit (ASIC) for performing
any number of functions of the MEMS microphone.

[0021] Embodiments described herein relate to a MEMS
microphone that includes a tensioned membrane to which a
controlled amount of tension is applied during fabrication of
the MEMS microphone. The equation for deflection of a
membrane has two contributions: (1) the material property
(Young’s module) and (2) the tension on the membrane.
Young’s module is a measure of elasticity, which can be equal
to the ratio of the stress acting on a substance to the strain
produced. When the term “tensioned membrane” is used, it
implies that the contribution from tension dominates over the
material property. The tension is usually greater than 100
Mpa to achieve this condition (e.g., a tensioned membrane).

[0022] The amount of tension applied is selected based on
a desired amount of sensitivity of the microphone, based on a
desired range of audio frequencies or operational frequencies
(e.g., an amount of bandwidth) of the microphone, or based
on other desired performance or parameters of the micro-
phone. The amount of tension applied can also depend on the
construction ofthe sensor, such as the radius of the membrane
and the thickness of the membrane, for example.

[0023] The membrane can be formed from non-conductive
material, such as silicon nitride or a similar material, or a
piezoelectric material or similar material, or a conductive
material such as polysilicon for example. The tension of the
membrane can be controlled by subjecting the microphone to
a particular (defined) temperature during the fabrication pro-
cess (e.g., controlling a deposition temperature, controlling
an annealed temperature, and so on). The processing tem-
peratures can be around 1000 degrees Celsius, for example.

[0024] For example, a first temperature can create a high
tension on the membrane, a second temperature can create a
low tension on the membrane, and temperatures between the
first temperature and second temperature can produce a ten-
sion between the high tension and the low tension. A higher
amount of tension can result in a microphone having a lower
sensitivity level and a higher range of operational frequen-
cies. A lower amount of tension can result in a microphone
having a higher sensitivity level and a reduced amount of
range of operational frequencies. According to an aspect, a
thickness and a radius of a membrane remains constant while
different MEMS microphones having different performance
characteristics are fabricated as a function of controlling a
tension amount of the membrane.

[0025] Turning now to the figures, FIG. 1 illustrates a block
diagram of a MEMS microphone integrated package. As
illustrated, the MEMS microphone integrated package,
referred to herein simply as a MEMS microphone 100,
includes a control component 102 and an acoustic sensor 104.
The control component 102 can be, for example, a system,
and application specific integrated circuit (ASIC), and so
forth.

[0026] Further, the control component 102 can include
computing device(s), memory device(s), computing system
(s), logic, and so forth, for generating stimuli and detecting a
response to the stimuli. For example, the stimuli can be gen-
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erated via a transmit (TX) component 106. Detecting the
response to the stimuli can be performed by a receiver (RX)
component.

[0027] The control component 102 can also include com-
puting device(s), memory device(s), computing system(s),
logic, and so forth, for determining, based on the stimuli and
the response to the stimuli, a frequency response of an acous-
tic sensor 104. Determining the frequency response can be
performed by a processing component. In this regard, the
processing component can determine, based on the frequency
response, whether the acoustic resonator has responded to
sound pressure. The frequency response reproduces the fre-
quency and amplitude content of the incoming sound.

[0028] The MEMS microphone can also include a 1id 108
and a base 109, which form an internal chamber for contain-
ing the MEMS microphone 100. Further, the base 109 can be
supported on a device printed circuit board (PCB) 112.

[0029] The MEMS microphone 100 also includes a back
plate 114, supported on a substrate 110. The substrate 110 is
supported by the base 109. Further, a membrane 116 is sup-
ported by an isolation layer 115 (e.g., dielectric material) and
the back plate 114. The substrate 110, base 109, and printed
circuit board 112 form an audio port 118 (or acoustic sound
port). Further, the back plate 114 includes air channels 122, a
few of which are labeled, through which sound waves move
after entering the audio port 118. The sound waves entering
the audio port 118 cause the membrane 116 to move in
response to the air entering the audio port 118. In one embodi-
ment, the back plate 114 is closer to the audio port 118 than
the membrane 116, as is shown in FIG. 1. In another embodi-
ment, the membrane 116 is closer to the audio port 118 than
the back plate 114 (not shown). In this embodiment, for
example, the placements of the membrane 116 and the back
plate 114 shown in FIG. 1 are swapped with each other in
relation to the isolation layer 115, such that the back plate 114
and the membrane 116 remain on opposite sides of the isola-
tion layer 115. In this embodiment, the substrate 110 supports
the membrane 116.

[0030] The audio port 118 can be any size suitable for
receiving and/or detecting the acoustic waves intended to
enter the MEMS microphone 100. Specifically, the audio port
118 can provide a recess/opening to an external environment
outside of the MEMS microphone 100 such that sound gen-
erated external to the MEMS microphone 100 is received by
the audio port 118. Accordingly, the audio port 118 can be
positioned at any number of different locations within the
base 109 in suitable proximity to the acoustic sensor that
allows the acoustic sensor to detect the sound generated exter-
nal to the MEMS microphone 100.

[0031] Although the components are illustrated in a par-
ticular arrangement in FIG. 1, in other embodiments, any
number of different arrangements of the components is pos-
sible and envisaged. For example, any number of arrange-
ments that place the audio port 118 in proximity to the acous-
tic sensor such that sound waves can be detected at the
acoustic sensor can be employed. As another example, any
configuration of the ASIC, the acoustic sensor, and/or wire
bonds 124 and 126, that electrically couple the ASIC and the
acoustic sensor can be employed. According to some imple-
mentations, there can be two wire bonds 124 from the ASIC
(e.g., control component 102) to the MEMS sensor (e.g.,
acoustic sensor 104). Further, the transmit component 106
can connect the ASIC to itself, and also the MEMS sensor
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(e.g., acoustic sensor 104). It is noted that the disclosed
aspects are not limited to the particular arrangement of FIG. 1,
[0032] FIG. 2 illustrates a scanning electron microscope
(SEM) image 200 of a membrane 202 (e.g., a membrane 306
of FIG. 3) of a microphone. The membrane 202 is connected
to a frame 204 (e.g., a dielectric material 308 of FIG. 3) of a
device 206 (e.g., a substrate 302 of FIG. 3) with springs 208
that allow the membrane 202 to move up and down in
response to sound waves entering an acoustic port (e.g., the
audio port 118) of the microphone.

[0033] Although FIG. 2 illustrates an embodiment in which
amembrane is attached to the device with springs, springs are
not utilized in other embodiments. Instead, the membrane is
attached to the device utilizing other means. For example, the
membrane can be directly attached to an isolation layer (e.g.,
dielectric material) without springs. Further to this example,
the amount of deflection at the edge of the membrane would
be lower in comparison to an embodiment in which springs
are used. Thus, the use of springs allows the membrane to
more compliant.

[0034] Since MEMS microphones can be used in different
components or applications, the properties associated with
the microphone might need to be altered based on the com-
ponents or the applications. Generally, when various proper-
ties or parameters need to be changed for a MEMS micro-
phone during fabrication, a thickness of the membrane (e.g.,
membrane 116 of FIG. 1) is altered. For example, the MEMS
microphone can be fabricated with a thin membrane to
achieve a microphone with a higher sensitivity level, a lower
resonant frequency, a lower maximum pressure level, and so
on. To achieve a microphone with a lower sensitivity level, a
higher resonant frequency, a higher-pressure level, and so on,
the MEMS microphone can be fabricated with a thicker mem-
brane. Another option for a spring based membrane is to
change the length and/or width of the spring. A further option
is to have devices of different sizes (e.g., differing diaphragm
radii).

[0035] Although different membrane thickness can be uti-
lized in an attempt to achieve the desired properties, the
manufacture of the microphone with these different mem-
branes can increase costs and, further, different deposition
recipes and times are needed. For example, the multiple dif-
ferent thickness membranes must be ordered, stored, inven-
toried, and so on. Further, quality control related to these
membranes must be monitored for each of the respective
thicknesses.

[0036] To overcome the above challenges associated with
changing a thickness of a membrane, the disclosed aspects
provide a MEMS microphone with different properties based
on an amount of tension applied to the membrane during a
fabrication process. Thus, a single size and thickness mem-
brane can be used across a number of different MEMS micro-
phone types and the properties of the different MEMS micro-
phones are controlled based on the membrane tension.
[0037] FIG. 3 illustrates an example, non-limiting block
diagram, sectional view of a MEMS sensor 300, according to
anaspect. The MEMS sensor 300 (e.g., acoustic sensor 104 of
FIG. 1, comprises a tensioned membrane wherein an amount
of'tension applied to the membrane is selected based onone or
more defined operating parameters of the MEMS sensor 300.
For example, based on a first defined operating parameter for
a first MEMS microphone, the amount of tension applied to
the membrane can be a first amount of tension. Further, based
on a second defined operating parameter for a second MEMS
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microphone, the amount of tension applied to the membrane
can be a second amount of tension. Thus, MEMS micro-
phones having different operating parameters can be manu-
factured using standard components using the disclosed
aspects.

[0038] Further, the MEMS sensor 300 can be configured to
operate over a predetermined range of frequencies. Further,
the MEMS sensor 300 can comprise a tensioned membrane
that is preset at a tension amount selected to cause the MEMS
microphone to operate at a predetermined sensitivity level
that is above a threshold sensitivity level.

[0039] The MEMS sensor 300 can include the substrate
302. The substrate 302 can be a silicon substrate. According
to an implementation, the substrate 302 can be positioned on
apolymer substrate or a ceramic substrate (e.g., substrate 110
of FIG. 1).

[0040] Supported on (e.g., formed on) the substrate 302 can
be a back plate 304 (e.g., back plate 114 of FIG. 1). The back
plate 304 can comprise air channels 305 (e.g., holes or open-
ings or. through-hole apertures), a few of which are labeled).
For example, the back plate 304 can be a perforated plate used
as an electrode to electrically sense the membrane 306 (e.g.,
membrane 116 of FIG. 1). A membrane may also be referred
to as a diaphragm. According to various aspects, the perfora-
tions can be acoustic openings for reducing air damping in the
back plate 304. In some implementations, the back plate 304
can be constructed such it has very little (if any) deflection. In
an alternate embodiment from the one shown in FIG. 3, the
placements of the membrane 306 and the back plate 304 are
swapped with each other, such that they are still on opposite
sides of the dielectric material 308. In this embodiment, the
substrate 302 supports the membrane 306.

[0041] The back plate 304 may be composed of a conduc-
tive material. However, according to other implementations,
the back plate 304 may be composed of non-conductive mate-
rial. According to the implementations where the back plate
304 is composed of non-conductive material, the MEMS
sensor 300 comprises a metallization layer (not shown).
[0042] Formed on at least a portion of the back plate 304 is
the dielectric material 308 (e.g., isolation layer 115 of FIG. 1).
The dielectric material 308 defines the sense gap. The sense
gap is defined as a width, or distance, between the rest posi-
tion of the membrane 306 and the back plate 304.

[0043] In some embodiments, the membrane 306 and the
back plate 304 can be positioned substantially parallel to one
another when the membrane 306 is at rest. In other embodi-
ments, at least a portion of the membrane 306 and the back
plate 304 are positioned substantially parallel to one another
when the membrane 306 is at rest. As used herein, the mem-
brane 306 and the back plate 304 are at rest when the mem-
brane 306 is not in a state of deflection and is substantially flat.
[0044] The membrane 306 is attached to the dielectric
material 308, such as by clamping at least a portion of the
membrane 306 to the dielectric material 308. According to an
implementation, the membrane 306 can be attached to the
dielectric material 308 by springs (as illustrate in FIG. 2) or by
other attachment types. In accordance with another imple-
mentation, the clamping condition can be created by depos-
iting (at a high temperature) the diaphragm (e.g., membrane
306) onto the dielectric material 308 (e.g., through chemical
adhesion).

[0045] During fabrication of the MEMS sensor 300, the
tension amount of the membrane is controlled based on a
temperature applied to the membrane during a fabrication
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process, resulting in a tensioned membrane. The tensioned
membrane can be formed of non-conductive material. For
example, the non-conductive material can be silicon nitride.
According to another example, the tensioned membrane can
be formed of a piezoelectric material. In accordance with still
another example, the tensioned membrane can be formed of a
piezoresistive material. In still another example, the ten-
sioned membrane can be formed of a polymeric material.
[0046] Inorderto apply the desired amount of tension to the
membrane, difterent deposition temperatures and/or different
annealed temperatures can be applied to the MEMS sensor
300 during fabrication. For example, if the membrane is com-
posed of'silicon nitride of a given thickness, by depositing the
silicon nitride at a defined temperature and/or by using a
defined annealed temperature after the deposition, a defined
stress or a defined tension can be created. Thus, the tension
can be selectively created in the fabrication process by chang-
ing a deposition temperature and/or the annealed temperature
of the membrane material.

[0047] Since the tension is created during fabrication, the
tension is fixed in the field (e.g., during use). The selective
amount of tension applied to the membrane creates micro-
phones having different properties. For example, a membrane
having a high tension can have a lower sensitivity level, a
higher bandwidth, and a higher resonant frequency as com-
pared to a membrane having a lower tension amount. In a
similar manner, a membrane having a low tension amount,
can have a higher sensitivity level, a reduced bandwidth, and
a lower resonant frequency as compared to membranes hav-
ing a higher tension amount. In an example, a low tension can
be avalue that results in a resonant frequency of about 20 kHz
and high tension could result in a frequency of more than 50
kHz.

[0048] FIGS. 4-6 demonstrate the results of membrane ten-
sion on each of the sensitivity level (FIG. 4), the bandwidth
level (FIG. 5), and the resonant frequency (FIG. 6). FIG. 4
(not to scale) illustrates that as a membrane tension amount
402 is increased, there is a corresponding decrease in the
sensitivity level 404, as indicated by line 406. FIG. 5 (not to
scale) illustrates that as a membrane tension amount 502 is
increased, there is a corresponding increase in the bandwidth
504, as indicated by line 506. Further, FIG. 6 (not to scale)
illustrates that as the membrane tension amount 602 is
increased, there is a corresponding increase in the resonant
frequency 604, as indicated by line 606.

[0049] According to some implementations, the tempera-
tures applied can cause the membrane 306 to stretch such that
a selective amount of tension is applied to the membrane 306.
It is noted that the membrane 306 is not physically stretched.
Instead, the membrane is deposited at a high temperature and
then cooled (e.g., to room temperature), which allows the
tension to develop in the membrane.

[0050] The material used to form the tensioned membrane
can be a dielectric material (e.g., silicon nitride). Therefore,
there can be a metallization layer or a thin polysilicon layer, or
another conductive material deposited on the membrane (e.g.,
the silicon nitride).

[0051] As illustrated in FIG. 3, a first conductive layer 310
can be applied to a first side of the membrane 306 and a
second conductive layer 312 can be applied to a second side
of the membrane 306, wherein the first side and the second
side are opposite sides of the membrane. The first conductive
layer 310 and the second conductive layer 312 may be placed
on both sides of the membrane 306 to equalize stress (e.g.,
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reduce curvature of the membrane 306). For example, stress
can be produced by the fabrication process. Having a conduc-
tive layer on just one side can lead to a stress due to imbalance.
Therefore, having the conductive layer on both sides of the
diaphragm (or back plate) can balance the stress.

[0052] According to some implementations, the first con-
ductive layer 310 and the second conductive layer 312 are
deposited only at a center portion, or substantially center
portion, of the membrane 306. Depositing the conductive
layers only at, or near, the center portion can increase a
sensitivity of the membrane. This increased sensitivity is
created because the maximum deflection of the membrane
occurs at the center portion, since the edges are operative
attached to the back plate and do not move. By sensing the
signal only at, or near, the center portion, the increased sen-
sitivity is achieved.

[0053] For example, the first conductive layer 310 and the
second conductive layer 312 can be deposited at a shape
having a radius that is less than a full radius of the structure
(e.g., membrane 306). For example, the shape is a radius
between 0.3 and 0.9 of the membrane 306. In a further
example, the shape is a radius between 0.4 and 0.8 of the
membrane 306. In another example, the shape can be radius
between 0.5 and 0.7 of the membrane. In another example, the
shape can be a radius about 0.6 of the membrane 306. It is
noted that although the shape is defined with respect a radius,
the shape can take many different forms including a circle, an
oval, an oblong shape. Further, the shape can be non-circular,
such as approximately polygonal, ovoid, and so on. In addi-
tion, the shape can have an irregular shape.

[0054] According to some implementations, the first con-
ductive layer 310 and the second conductive layer 312 are
deposited at a same radius amount. In accordance with some
implementations, the first conductive layer 310 is deposited at
a first radius amount and the second conductive layer 312 is
deposited at a second radius amount that is different from the
first radius amount.

[0055] FIG. 7 illustrates example, non-limiting block dia-
gram sectional and top views of a MEMS sensor, according to
an aspect. The MEMS sensor 700 can be configured to oper-
ate over a predetermined range of frequencies. Further, the
MEMS sensor 700 can comprise a tensioned membrane con-
figured to operate over a predetermined range of frequencies
and the tensioned membrane is preset at a tension amount
selected to cause the MEMS microphone to operate at a
predetermined sensitivity level.

[0056] Similar to the MEMS sensor 300 discussed above
with reference to FIG. 3, the MEMS sensor 700 includes a
substrate 702, which is usually silicon and can be positioned
over a package substrate according to an aspect. For example,
the package substrate can be composed of a polymer or a
ceramic material.

[0057] A back plate 704 can be supported on (e.g. formed
on) the substrate 702. The back plate 704 may be composed of
a conductive material. According to some implementations,
the back plate 704 may be composed of non-conductive mate-
rial. According to the implementations where the back plate
704 is composed of non-conductive material, the MEMS
sensor 700 comprises a metallization layer (not shown).
[0058] The back plate 704 can comprise holes or openings
(e.g., through-hole apertures). For example, the back plate
704 can be a perforated plate used as an electrode to electri-
cally sense a movement of membrane 706. According to
various aspects, the perforations can be acoustic openings for
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reducing air damping in moving portions of the back plate
704. As illustrated, the back plate 704 of the MEMS sensor
700 has a different opening structure than the MEMS sensor
300 of FIG. 3. The opening structure of the back plate 704 is
configured to accommodate a post 708. In an alternate
embodiment from the one shown in FIG. 7, the placements of
the membrane 706 and the back plate 704 are swapped with
each other, such that they are still on opposite sides of the
dielectric material 710 and the post 708. In this embodiment,
the substrate 702 supports the membrane 706.

[0059] The post 708 can be formed between a portion of the
back plate 704 and a portion of the membrane 706. According
to some implementations, the post 708 can be formed of
dielectric material. The post 708 can be configured to sub-
stantially reduce sagging (e.g., curvature) of the membrane
and/or reduce variations in curvature. Although the post 708
is illustrated at, or near, a center of the MEMS sensor 700, the
post 708 could be located at another portion of the MEMS
sensor 700. Further, according to some implementations,
more than one post can be utilized.

[0060] The post 708 can be a center post that is a substan-
tially hard contact joining a portion of the membrane 706 and
aportion ofthe back plate 704. The hard contact is formed and
positioned such that when the sound pressure is incident on
the back plate and the membrane, only the membrane
deflects.

[0061] The MEMS sensor 700 can also include a dielectric
material 710 (e.g. oxide) formed on at least at a portion of the
back plate 704. The dielectric material 710 can define the
sense gap. Further, the membrane 706 is attached to the
dielectric material 710 and the post 708. For example, the
membrane 706 can be attached to the dielectric material 710
with springs (as illustrate in FIG. 2) or by other attachment
types.

[0062] During fabrication of the MEMS sensor 700, the
tension amount can be controlled based on a temperature
applied to the membrane 706 during a fabrication process,
resulting in a tensioned membrane. The tensioned membrane
706 can be formed of non-conductive material. For example,
the non-conductive material can be silicon nitride. According
to another example, the tensioned membrane 706 can be
formed of a piezoelectric material. In accordance with still
another example, the tensioned membrane 706 can be formed
of a piezoresistive material. In still another example, the
tensioned membrane 706 can be formed of a polymeric mate-
rial.

[0063] Inorderto apply the desired amount of tension to the
membrane 706, different deposition temperatures and/or dif-
ferent annealed temperatures can be applied to the MEMS
sensor 700 during fabrication. For example, if the membrane
706 is composed of silicon nitride of a given thickness, by
depositing the silicon nitride at a defined temperature and/or
by using a defined annealed temperature after the deposition,
a defined stress or a defined tension can be created. Thus, the
tension can be changed during the fabrication process by
changing a deposition temperature and/or an annealing tem-
perature of the membrane material.

[0064] Since the tension is created during fabrication, the
tension is fixed in the field (e.g., during use). The selective
amount of tension applied to the membrane creates micro-
phones having different properties. For example, a membrane
having a high tension can have a lower sensitivity level, a
higher bandwidth, and a higher resonant frequency as com-
pared to a membrane having a lower tension amount. In a
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similar manner, a membrane having a low tension amount,
can have a higher sensitivity level, a reduced bandwidth, and
a lower resonant frequency as compared to membranes hav-
ing a higher tension amount. In an example, a low tension
amount can be a value that results in a resonant frequency of
about 20 kHz and a high tension amount could be a value that
results in a resonant frequency of more than 50 kHz.

[0065] According to some implementations, the tempera-
tures applied can cause the membrane 706 to stretch such that
a selective amount of tension is applied to the membrane 706.

[0066] The material used to form the tensioned membrane
can be a dielectric material, such as silicon nitride. Therefore,
there should be a metallization layer or a thin polysilicon
layer, or another conductive material deposited on the mem-
brane.

[0067] As illustrated and indicated in the top view of FIG.
7, the membrane 706 and the conductive layers 718 and 722
have circular shapes. In other embodiments, the membrane
706 and the conductive layers 718 and 722 may have other
shapes, including elliptical, square, rectangular or another
shape. The post 708 can be at or near the center of the circular
membrane 706, when viewed from top. In the cross sectional
view of FIG. 7, the post 708 divides the membrane 706 into a
first portion 712 and a second portion 714. The first portion
712 is illustrated as the portion of the membrane 706 located
to the left of the post 708 and the second portion 714 is defined
as the portion of the membrane 706 located to the right of the
post 708. For the exemplary sensor 700 having a circulate
membrane 706, as illustrated in FIG. 7, the top view could
resemble a donut shaped device in which the boundaries of
the inner and outer boundaries of the conductive layers 718
and 722 are concentric circles having radii R1 and R2 respec-
tively. The circular membrane’s portion 706 that is identified
in the top view of FIG. 7 is the portion that sits on top of the
post 708 and is positioned inside the conductive layers 718
and 722.

[0068] Referring to the cross-sectional view of FIG. 7, a
first conductive layer 716 can be applied to a first side of the
first portion 712 and a second conductive layer 718 can be
applied to a second side of the first portion 712. The first side
and the second side can be on opposite sides of the first
portion 712. Further, a third conductive layer 720 can be
applied to a first surface of the second portion 714 and a fourth
conductive layer 722 can be applied to a second surface of the
second portion 714. The first surface and the second surface
can be located on opposite sides of the second portion 714.

[0069] Referring still to the cross-sectional view of FIG. 7,
according to some implementations, the first conductive layer
716 and the second conductive layer 718 are deposited only at
a center point, or substantially the center point, of the first
portion 712. Further, the third conductive layer 720 and the
fourth conductive layer 722 are deposited only at a center
point, or substantially the center point of the second portion
714.

[0070] By depositing the conductive layers only at, or near,
respective center points of the first portion 712 and the second
portion 714, a sensitivity level of the membrane (or respective
portions thereof) can be achieved. Since the edges of the
membrane 706 are attached to the back plate 710, 704 and the
center post 708, the maximum deflection is at the respective
center points of the first and second portions 712, 714. There-
fore, by sensing the signals only at, or near, the respective
center points, the increased sensitivity level is achieved.
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[0071] For example, the first conductive layer 716 and the
second conductive layer 718 can be deposited between radii
R1 and R2 that are less than a full radius of the first portion
712. Further, the first conductive layer 716 and the second
conductive layer 718 can comprise the same inner and outer
radii, or different inner and outer radii. In other words, the first
and second conductive layers 716 and 718 can have same of
different thicknesses. In another example, the third conduc-
tive layer 720 and the fourth conductive layer 722 can be
deposited between radii R1 and R2 that are less than a full
radius of the second portion 714. Further, the third conductive
layer 720 and the fourth conductive layer 722 can comprise
the same inner and outer radii, or different inner and outer
radii. According to some embodiments, the first conductive
layer 716, the second conductive layer 718, the third conduc-
tive layer 720, and the fourth conductive layer 722 comprise
same or similar inner and outer radii, or different inner and
outer radii.

[0072] Although discussed with respect to a radius, the one
or more radii can have different shapes, which can be regular
shapes or irregular shapes. Such shapes can include a circle,
an oval, an oblong shape, non-circular shapes, such as
approximately polygonal, ovoid, and so on.

[0073] According to an implementation, the one or more
shapes comprise respective radii between about 0.3 and 0.9 of
the respective membrane portions. In another example, the
one or shapes comprise respective radii between 0.4 and 0.8
of'the respective membrane portions. In another example, the
one or more shapes comprise respective radii between about
0.5 and 0.7 of the respective membrane portions. In a further
example, the one or more shapes comprise respective radii of
about 0.6 of the respective membrane portions.

[0074] The first conductive layer 716 and the second con-
ductive layer 718 may be placed on both sides of the circle at
the center of the first portion 712 (from top view) to equalize
stress (e.g., reduce movement of that portion of the membrane
706). Further the third conductive layer 720 and the fourth
conductive layer 722 may be placed on both sides of the circle
at the center of the second portion 714 (of top view) to
equalize stress (e.g. reduce movement of that portion of the
membrane 706).

[0075] During use of the microphone (e.g., when a user is
talking on their phone or other device), the membrane that is
stretched to the desired amount of tension is exposed to an
acoustic pressure differential across the microphone. When
this pressure differential occurs, at least a center portion of the
tensioned membrane is displaced, according to some aspects.
For the microphone that includes a center post, one or more
portions of the membrane can be displaced (e.g., a center
portion of the first portion 712 of the membrane 706, a center
portion of the second portion 714 of the membrane 706.
[0076] For example, a material, such as a metallization or
polysilicon layer, can be deposited on a center portion(s) of
the membrane (and/or membrane portions). The most amount
of deflection of the membrane can occur at the center portion
while an outer portion (e.g., an outer diameter) of the mem-
brane is retained in secured engagement with a dielectric
material (e.g., the edges are clamped and do not move) and/or
a center post. Sensing a signal only at the center portion can
result in a microphone having a higher sensitivity level as
compared to other microphones.

[0077] As discussed herein the amount of stress is used to
control stiffness and resonant frequent of the membrane, or
respective portions thereof. Additionally, in other embodi-
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ments, the membranes, or respective portions thereof, can
have control features (e.g., number of springs, size of springs,
and so forth) that can be altered during fabrication to control
the stress on the membrane. Further, in other embodiments,
the membranes, or respective portions thereof, have control
features that can be changed in the device (e.g., MEMS
microphone) or that can be changed in the device post-fabri-
cation to tune (or alter) the stress in the membrane.

[0078] Methods that may be implemented in accordance
with the disclosed subject matter, will be better appreciated
with reference to the following flow charts. While, for pur-
poses of simplicity of explanation, the methods are shown and
described as a series of blocks, it is to be understood and
appreciated that the disclosed aspects are not limited by the
number or order of blocks, as some blocks may occur in
different orders and/or at substantially the same time with
other blocks from what is depicted and described herein.
Moreover, not all illustrated blocks may be required to imple-
ment the disclosed methods. It is to be appreciated that the
functionality associated with the blocks may be implemented
by software, hardware, a combination thereof, or any other
suitable means (e.g. device, system, process, component, and
so forth). Additionally, it should be further appreciated that
the disclosed methods are capable of being stored on an
article of manufacture to facilitate transporting and transfer-
ring such methods to various devices. Those skilled in the art
will understand and appreciate that the methods could alter-
natively be represented as a series of interrelated states or
events, such as in a state diagram.

[0079] FIG. 8 illustrates an example, non-limiting method
800 for fabricating a MEMS microphone integrated package,
which can include the MEMS sensor 300 according to FIG. 3,
in accordance with one or more embodiments described
herein. At 802, method 800 can include selecting a tension
amount of a membrane to cause the MEMS microphone to
operate at a predetermined sensitivity level that is above a
threshold sensitivity level. For example, the predetermined
sensitivity level and the predetermined range of operational
frequencies can be selected based on an application in which
the MEMS microphone is intended to be utilized.

[0080] At804, method 800 can include stretching the mem-
brane to obtain the tension amount. Stretching the membrane
can occur during a fabrication process. It is noted that in at
least some embodiments, the membrane is not physically
stretched. Instead, the membrane is deposited at a high tem-
perature. Then, when the membrane is cooled to a room
temperature, the tension develops in the membrane.

[0081] Thus, stretching of the membrane can be facilitated
during a deposition process and/or an annealing process dur-
ing fabrication of the MEMS microphone. In one example,
stretching the membrane can include controlling a deposition
temperature. In another example, stretching the membrane
can include controlling an annealed temperature. In a further
example, stretching the membrane can include controlling
both the deposition temperature and the annealed tempera-
ture.

[0082] FIG. 9 illustrates an example, non-limiting method
900 for fabricating a MEMS microphone integrated package,
which can include the MEMS sensor 700 according to FIG. 7,
in accordance with one or more embodiments described
herein. At 902, method 900 can include selecting a tension
amount of a membrane to cause the MEMS microphone to
operate at a predetermined sensitivity level that is above a
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threshold sensitivity level. The MEMS microphone is config-
ured to operate over a predetermined range of frequencies.
[0083] The selective amount of tension applied to the mem-
brane creates microphones having different properties,
wherein MEMS microphones exhibiting different properties
are fabricating using the same, or substantially the same,
components (e.g., the MEMS microphones have a same, or
substantially the same, thickness). For example, a membrane
having a high tension can have a lower sensitivity level, a
higher bandwidth, and a higher resonant frequency as com-
pared to a membrane having a lower tension amount. In a
similar manner, a membrane having a low tension amount,
can have a higher sensitivity level, a reduced bandwidth, and
a lower resonant frequency as compared to membranes hav-
ing a higher tension amount.

[0084] At904, method 900 can include stretching the mem-
brane to obtain the tension amount. Stretching the membrane
can include, at 906, subjecting the membrane to a defined
temperature. According to an implementation, at 908, the
membrane can be subjected to the defined temperature during
a deposition process. According to another implementation,
at 910, the membrane can be subjected to the defined tem-
perature during an annealing process. According to a further
implementation, the membrane is subjected to a first defined
temperature during the deposition process and a second
defined temperature during the annealing process.

[0085] FIG. 10 illustrates another example, non-limiting
method 1000 for fabricating a MEMS microphone integrated
package, such as the MEMS sensor 300 of FIG. 3 and/or the
MEMS sensor 700 of FIG. 7, in accordance with one or more
embodiments described herein.

[0086] At 1002, the method 1000 can include disposing a
port through a package substrate. The port can be configured
to receive acoustic waves. At 1004, a lid is mounted to the
package substrate. The lid and the package substrate form a
package that comprises an internal chamber.

[0087] Method 1000 continues at 1006 and a tensioned
membrane is disposed in the internal chamber and electrically
bonded to the application-specific integrated circuit (ASIC),
which is then bonded to the package substrate. It is noted that
a direct connection from the sensor to the substrate may or
may not exist, depending on the implementation. A tension
amount of the membrane can be selected to cause the MEMS
microphone to operate at a predetermined sensitivity level
that is above a threshold sensitivity level, the MEMS micro-
phone is configured to operate over a predetermined range of
frequencies.

[0088] According to an implementation, the tension
amount is controlled based on a temperature applied to the
tensioned membrane during a fabrication process. According
to another implementation, the applied temperature com-
prises a first temperature applied to the tensioned membrane
during a deposition process and a second temperature applied
to the tensioned membrane during an annealing process.
[0089] In another implementation, at least a portion of the
tensioned membrane is sandwiched between a first conduc-
tive layer and a second conductive layer. In a further imple-
mentation, at least a second portion of the tensioned mem-
brane is sandwiched between a third conductive layer and a
fourth conductive layer. Further to this implementation, a post
is disposed between at least the portion of the tensioned
membrane and at least the second portion of the tensioned
membrane and is configured to operatively attach the ten-
sioned membrane to a portion of a back plate.
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[0090] Asused inthe description herein and throughout the
claims that follow, “a”, “an”, and “the” includes plural refer-
ences unless the context clearly dictates otherwise. Also, as
used in the description herein and throughout the claims that
follow, the meaning of “in” includes “in” and “on” unless the
context clearly dictates otherwise.

[0091] Thus, while particular embodiments have been
described herein, latitudes of modification, various changes,
and substitutions are intended in the foregoing disclosures,
and it will be appreciated that in some instances some features
of particular embodiments will be employed without a corre-
sponding use of other features without departing from the
scope and spirit as set forth. Therefore, many modifications
can be made to adapt a particular situation or material to the
essential scope and spirit.

1. A micro electro-mechanical system (MEMS) micro-
phone configured to operate over a predetermined range of
frequencies and having a tensioned membrane preset at a
tension amount selected to cause the MEMS microphone to
operate at a predetermined sensitivity level that is above a
threshold sensitivity level,

wherein at least a portion of the tensioned membrane is

sandwiched between a first conductive layer and a sec-
ond conductive layer configured to equalize stress of the
tensioned membrane.

2. The MEMS microphone of claim 1, wherein the tension
amount is controlled based on a temperature applied to the
tensioned membrane during a fabrication process.

3. (canceled)

4. The MEMS microphone of claim 1, wherein the ten-
sioned membrane is formed of non-conductive material.

5. The MEMS microphone of claim 4, wherein the non-
conductive material is silicon nitride.

6. The MEMS microphone of claim 1, wherein the ten-
sioned membrane is formed of a piezoelectric material.

7. The MEMS microphone of claim 1, wherein the ten-
sioned membrane is formed of a piezoresistive material.

8. The MEMS microphone of claim 1, wherein the ten-
sioned membrane is formed of a polymeric material.

9. The MEMS microphone of claim 1, further comprising
springs that operatively connect the tensioned membrane to a
back plate via one or more portions of dielectric material,
wherein the back plate is supported by a substrate.

10. The MEMS microphone of claim 1, further comprising
a center post that operatively attaches a center portion of the
tensioned membrane to a back plate.

11. The MEMS microphone of claim 10, wherein the cen-
ter post is configured to divide the tensioned membrane into a
first portion and a second portion, wherein the first portion
and the second portion are sandwiched between respective
first conductive layers and second conductive layers.

12. The MEMS microphone of claim 9, wherein the back
plate is formed of non-conductive material, and wherein the
MEMS microphone comprises a metallization layer formed
on the back plate.

13. A method for fabricating a micro electro-mechanical
system (MEMS) microphone, comprising:

selecting a tension amount of a membrane to cause the

MEMS microphone to operate at a predetermined sen-
sitivity level that is above a threshold sensitivity level,
the MEMS microphone is configured to operate over a
predetermined range of frequencies; and

stretching the membrane to obtain the tension amount.
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14. The method of claim 13, wherein the stretching the
membrane comprises subjecting the membrane to a defined
temperature.

15. The method of claim 14, wherein the subjecting the
membrane to the defined temperature comprise subjecting the
membrane to the defined temperature during an annealing
process.

16. The method of claim 14, wherein the subjecting the
membrane to the defined temperature comprise subjecting the
membrane to the defined temperature during a deposition
process.

17. The method of claim 14, wherein the subjecting the
membrane to the defined temperature comprise subjecting the
membrane to a first defined temperature during a deposition
processing and to a second defined temperature during an
annealing process.

18. A micro electro-mechanical (MEMS) microphone,
comprising:

apackage substrate comprising a port disposed through the
package substrate, wherein the port is configured to
receive acoustic waves;

a lid mounted to the package substrate, wherein the pack-
age substrate and the lid form a package comprising an
internal chamber; and

a tensioned membrane disposed in the internal chamber
and electrically bonded to an application-specific inte-
grated circuit that is bonded to the package substrate,
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wherein the tensioned membrane is positioned such that
the acoustic waves received at the port are incident on
the tensioned membrane, and wherein the tensioned
membrane is configured to operate over a predetermined
range of frequencies and the tensioned membrane is
preset at a tension amount selected to cause the MEMS
microphone to operate at a predetermined sensitivity
level.

19. The MEMS microphone of claim 18, wherein the ten-
sion amount is controlled based on a temperature applied to
the tensioned membrane during a fabrication process.

20. The MEMS microphone of claim 19, wherein the tem-
perature applied to the tensioned membrane comprises a first
temperature applied to the tensioned membrane during a
deposition process and a second temperature applied to the
tensioned membrane during an annealing process.

21. The MEMS microphone of claim 18, wherein at least a
portion of the tensioned membrane is sandwiched between a
first conductive layer and a second conductive layer.

22. The MEMS microphone of claim 21, wherein at least a
second portion of the tensioned membrane is sandwiched
between a third conductive layer and a fourth conductive
layer, wherein a post is disposed between at least the portion
of'the tensioned membrane and at least the second portion of
the tensioned membrane and is configured to operatively
attach the tensioned membrane to a segment of a back plate.
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