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MICROPHONE

This invention relates to a microphone comprising a housing formed by

a cap sealed to a substrate and a MEMS (microelectromechanical systems)

die mounted on the substrate. It also relates to a method of manufacturing

such a microphone.

This type of microphone, known as a MEMS microphone, can be

divided into top-port microphones (with the acoustic inlet port on the top side of

the housing and the contacts on the bottom side) and bottom-port microphones

(with the acoustic inlet port and contacts on the bottom side).

A cross-section through a bottom-port microphone is shown in Figure 1.

A MEMS die 1 is mounted on a laminate base 2 along with an application

specific integrated circuit (ASIC) 3 . An acoustic inlet port 4 allows sound

pressure waves to move a membrane 5, which forms part of the MEMS die 1.

In response to the motion of the membrane 5, its capacitance varies, and this

variation in capacitance is detected and processed by ASIC 3 . An output signal

from ASIC 3 is made available at contacts on the laminate base 2 . The volume

trapped between the membrane 5 and the cap 6 is relatively large and does

not affect the compliance of the membrane 5 significantly. The microphone is

therefore quite sensitive and exhibits a high signal-to-noise ratio (SNR). In this

design of microphone, the contacts and acoustic inlet port are both provided on

the laminate base 2 . This can be quite restrictive in some applications, for

example if it is desired to have the acoustic inlet port on the opposite side from

the contacts.

Figure 2 shows a cross-section through a top-port design of

microphone, in which the acoustic inlet port 4 is provided in the cap 6 rather

than in the laminate base 2, thereby overcoming this restriction. This type of

device suffers, however, from some significant problems. Specifically, it has a

lower sensitivity and SNR due to the small volume behind the membrane (i.e.

the volume trapped between the membrane 5, MEMS die side walls and the



laminate base 2). This small volume significantly affects the compliance of the

membrane 5 .

Furthermore, the reliability of the device is poor relative to the bottom-

port design. This is because the acoustic inlet port 4 (which has a rather large

diameter in the region of 50Ό µηη ) exposes the microphone components to the

environment. The components are very sensitive to moisture, especially the

MEMS die 1, which has circuit impedances in the ΤΩ range. The reliability can

be improved somewhat by application of a hydrophobic varnish to seal ultra

high impedance areas from moisture, but this would have to be done after

assembly and wirebonding. As an example, the SPU041 0HR5H PB top-port

microphone has been found to comply with the Moisture Sensitivity Level

Assessment MSLA2a reliability standard, whereas the equivalent bottom-port

microphone complies with MSLA1 , indicating an improved resilience to

moisture. Furthermore, ingress of moisture is not the only concern; dust or

other particles entering the acoustic inlet port 4 can also significantly degrade

the microphone performance.

Another top-port design is shown in Figure 3 . This is identical to the

design of Figure 2, apart from a channel 7 formed in the laminate base 2 . The

channel 7 forms an extension to the chamber behind the membrane 5, thereby

increasing the volume behind it. This has the effect of enhancing the sensitivity

and SNR. However, it has no effect on the poor reliability and it is expensive to

manufacture the channel 7 .

According to a first aspect of the invention, there is provided a

microphone comprising a housing formed by a cap sealed to a substrate, and

a MEMS die mounted on the substrate, the MEMS die incorporating a

membrane, the membrane having a first surface facing the substrate and in

fluid communication with an acoustic inlet port in the cap via an acoustic path

and a second surface facing the inner surface of the cap, which second

surface along with part of the inner surface of the cap defines at least part of a

sealed chamber within which a volume of air is trapped,

wherein the acoustic path is defined at least in part by an upright nozzle

terminating at the acoustic inlet port at a first end and at a channel at the



second end, the channel leading to a second chamber beneath the first

surface of the membrane, wherein the upright nozzle comprises an insert

which is provided within the sealed chamber, the nozzle being surrounded by

the sealed chamber volume.

By providing a channel to couple the acoustic inlet port in the cap to the

chamber formed between the membrane and the substrate, the invention

allows a large volume to be provided behind the membrane. The sensitivity is

therefore defined by the stiffness of the membrane alone since the effect of the

volume of air trapped behind the membrane can be neglected. Furthermore,

the sensitive electrical parts of the device are isolated from the environment by

the membrane itself. Thus, the invention provides a top-port microphone

design that has the high reliability, sensitivity and SNR of conventional bottom-

port designs. In addition, the microphone can be manufactured using standard

assembly processes, thereby keeping the costs associated with manufacture

down.

The acoustic path is preferably sealed so that the path isolates the

internal parts of the microphone from the environment.

The membrane effectively senses flexural motion, typically caused by a

difference in pressure on the first and second surfaces, for example caused by

an acoustic pressure wave coupled to the first surface from the acoustic inlet

port.

In a preferred embodiment, the channel is formed in the substrate

and/or a side wall of the MEMS die and coupling the second end of the nozzle

to a second chamber, at least part of which is defined by the first surface of the

membrane, thereby completing the acoustic path.

The channel may be provided in the substrate only, the side wall of the

MEMS die only or in both the substrate and the side wall of the MEMS die.

The substrate is typically a laminate structure. It may be made from a

ceramic material.

The cap may be made of metal, plastic or ceramic.

In one embodiment, the acoustic inlet port is formed by a single hole or

by an array of holes.



Advantageously, the acoustic inlet port may be formed by making a slit

in the cap and depressing the cap in a region adjacent the slit. The depression

extends the full width of the slit, tapering to a point distal from the slit.

Preferably, the nozzle is sealed to the cap around the acoustic inlet port.

The nozzle may be sealed to the substrate and the side wall of the

MEMS die.

In a preferred embodiment, the nozzle comprises a base portion and an

upright portion disposed orthogonally to the base portion, the base portion

having a first hole for coupling the second chamber to the channel and the

upright portion having a second hole for coupling the acoustic inlet port to the

channel.

In accordance with a second aspect of the invention, there is provided a

method of manufacturing a microphone, the method comprising mounting a

MEMS die on a substrate, providing an insert over the substrate, the insert

comprising an upright nozzle and sealing the substrate to a cap, with an

opening in the cap aligned with the nozzle,

wherein the MEMS die incorporates a membrane and is mounted on the

substrate such that first and second surfaces of the membrane face the

substrate and an inner surface of the cap respectively,

wherein sealing the substrate to the cap comprises:

forming a sealed chamber within which a volume of air is

trapped, the sealed chamber being defined by the second surface of the

membrane along with part of the inner surface of the cap, with the nozzle

surrounded by the sealed chamber volume;

forming an acoustic path by which the first surface of the

membrane is placed in fluid communication with an acoustic inlet port in the

cap by means of the upright nozzle.

In a preferred embodiment, the method further comprises forming a

channel in the substrate and/or a side wall of the MEMS die ( 10), the channel

coupling a second chamber, at least part of which is defined by the first surface

of the membrane, with the remainder of the acoustic path.

Typically, the method further comprises mounting a nozzle such that a

first end of the nozzle terminates at the acoustic inlet port and the second end



ternninates at the channel, the nozzle thereby defining the remainder of the

acoustic path.

Preferably, the method further comprises sealing the nozzle to the cap

around the acoustic inlet port.

The method may further comprise sealing the nozzle to the substrate

and the side wall of the MEMS die.

The nozzle may be sealed to the cap around the acoustic inlet port

and/or to the substrate and side wall of the MEMS die using a silicone glue.

Typically, the MEMS die is mounted on the substrate using a silicone

glue.

In one embodiment, the MEMS die is manufactured using a first

anisotropic etching process, such as DRIE, to etch a region of the MEMS die

defining a combination of a second chamber, at least part of which is defined

by the first surface of the membrane, and the channel followed by a second

anisotropic etching process, such as DRIE, to etch a region of the MEMS die

defining the second chamber alone until the membrane is released.

Thus, the first anisotropic etching process forms the channel and starts

to form the membrane. The second anisotropic etching process then

completes the formation of the membrane.

Examples of the invention will now be described in detail with reference

to the accompanying drawings, in which:

Figure 1 shows a cross-section through an example of a prior art

bottom-port microphone;

Figure 2 shows a cross-section through an example of a prior art top-

port microphone;

Figure 3 shows a cross-section through an example of a second type of

prior art top-port microphone;

Figure 4 shows a first embodiment of a microphone according to the

invention;

Figure 5 shows a second embodiment of a microphone according to the

invention;



Figure 6 shows a first variant of the second embodiment according to

the invention;

Figures 7a and 7b show a second variant of the second embodiment

according to the invention;

Figures 8a and 8b show a third variant of the second embodiment

according to the invention;

Figure 9 shows a third embodiment of a microphone according to the

invention;

Figure 10 shows in more detail one design of the nozzle used in the

microphone of the invention;

Figure 11 shows two designs in cross section in more detail; and

Figure 12 shows a flow chart for a method of manufacturing a

microphone according to either of the first or second embodiments of the

invention.

The invention provides a microphone comprising a housing formed by a

cover sealed to a base, and a MEMS die mounted on the base. The MEMS die

has a flexible membrane adapted to respond to motion by generating an

electrical output signal. A first surface of the membrane is at one end of an

acoustic path defined by an open chamber, at least part of which is defined by

the first surface of the membrane, a channel formed in the base and/or a side

wall of the MEMS die and a nozzle coupling the channel to an acoustic inlet

port in the cap. A second surface of the membrane along with an inner surface

of the cap defines at least part of a sealed chamber within which a volume of

air is trapped.

Figure 4 shows a first embodiment of a top-port microphone according

to the invention. In this embodiment, a MEMS die 10 is mounted on a laminate

base 11 using silicone glue. The MEMS die 10 has a membrane 12 . Flexural

motion of the membrane 12 causes an electrical signal to be generated by the

MEMS die, which is processed by an ASIC (not shown). The processed signal

is then supplied to external contacts (not shown) on the laminate base 11.

A cap 13 is placed over the whole assembly. The cap 13 is provided

with an acoustic inlet port 14, which may be a single hole or an array of holes.



The acoustic inlet port 14 may have a variety of shapes, but in this

embodiment it is a round hole. A nozzle 15 is mounted such that one end is

sealed to the cap 13 around the acoustic inlet port 14. The other end

terminates at a channel 16 formed in a side wall of the MEMS die 10 . Thus, an

acoustic path 17 (shown by the arrow) is defined running from the acoustic

inlet port 14 along the nozzle 15, through the channel 16 into a chamber 18

defined by a first surface of the membrane 12, the side walls of the MEMS die

10, and the laminate base 11. The nozzle is mounted using silicone glue such

that the first end is sealed on the cap 13 around the acoustic inlet port 14 and

the second end is sealed against the laminate base 11 and the side wall of the

MEMS die 10 .

The first surface of the membrane is therefore in fluid communication

with the acoustic inlet port 14. Acoustic pressure waves in the air travel along

the acoustic path 17 from the acoustic inlet port to the chamber 18, where they

cause flexural motion of the membrane 12. The sensitivity of the membrane 12

to the acoustic pressure waves is defined largely by the stiffness of the

membrane 12 itself since the volume of the chamber 19 defined by a second

surface of the membrane 12 and an inner surface of the cap 13 is relatively

large. The volume of chamber 19 therefore has little effect on the motion of the

membrane 12 and can be neglected for practical purposes.

As can be seen, the nozzle 15 and membrane 12 isolate the sensitive

parts of the device from the environment. The device therefore has similar

reliability characteristics to a conventional bottom-port microphone.

Figure 5 shows a second embodiment of the invention. This is very

similar to the first embodiment, the only difference being that the channel 16 is

formed in the laminate base 11 rather than in the MEMS die 10. Figure 6

shows a first variant of the second embodiment, in which the channel is formed

within the laminate base 11 itself. This is of course more complicated to

manufacture. It does make mounting of the MEMS die somewhat simpler,

however, as the laminate base 11 is present under the whole of the MEMS die

10 so that silicone glue can be uniformly applied under the whole of the MEMS

die 10 . The same reference numerals have been used in Figures 5 and 6 as in

Figure 4 to represent the same features.



Figures 7a and 7b show a second variant of the second embodiment. In

this variant, the acoustic inlet port 14 does not have a simple circular shape.

Instead, it is formed by a slit in the cap 13 that is then depressed inwardly.

Thus, the opening of the acoustic inlet port is an elongate shape at one end of

the acoustic inlet port 14, tapering to a point at the other end of the depression,

as shown in Figure 7b. The shape of the nozzle 15 is also elongate to

correspond to the shape of the opening in acoustic inlet port 14.

In the other designs presented above, the position of the acoustic inlet

port 14 in the cap 13 is quite critical. This is because space has to be left

around the acoustic inlet port 14 for sealing the nozzle 15 to the cap 13 . Thus,

misplacement of the acoustic inlet port 14 in the cap 13 can lead to a sealing

failure. This variant allows for a certain mismatch in alignment between the

centre of the opening in acoustic inlet port 14 and the centre of nozzle 15

without preventing a good seal being made.

Figures 8a and 8b show a third variant of the second embodiment. This

variant has a similar type of acoustic inlet port 14 to the second variant above.

However, it has a different design of nozzle 15 . As can best be seen from

Figure 8b, the nozzle 15 has a L-shape, with a base 20 and an upright portion

2 1 . A hole 22 is formed in the base 20 to couple the chamber 18 with the

channel 16 . A hole 23 formed through the upright portion 2 1 couples the

acoustic inlet port 14 to the channel 16 .

In the other designs presented above, it is necessary to seal the nozzle

15 to the side wall of the MEMS die 10. This is complicated and expensive.

This variant simplifies the sealing arrangements because the MEMS die can

be mounted on the base 20 before either part is mounted on the laminate base

11. The complete assembly of nozzle 15 and MEMS die can then be mounted

on the laminate base 11. Furthermore, this design of nozzle helps to decouple

mechanical stress in the laminate base 11 caused by soldering the MEMS die

10 since silicone glue can be used to mount the MEMS die 10 to the nozzle 15

and the assembly of nozzle 15 and MEMS die 10 to the laminate base 11.

Stress transfer between the laminate base 11 and the MEMS die 10 results in

a temperature dependency of sensitivity. Thus, this design of nozzle 15 helps

to reduce such temperature dependency.



Figure 9 shows a third embodiment, which is effectively a combination

of the first and second embodiments. In the third embodiment, the channel is

formed in the MEMS die 10 and in the laminate base 11. The same reference

numerals have been used in Figure 9 as in Figure 4 to represent the same

features.

As explained above, the designs shown enable a large back volume to

be obtained in a top-port design, by having the back volume defined between

the membrane and the cap (as for a conventional bottom-port design).

In addition, the use of a nozzle within the back volume which is formed

as an inserted component to define the acoustic path from the top port to the

membrane enables the back volume to be kept large. In particular, the part of

the nozzle which extends upwardly to define the top-port is entirely within the

back volume, and is thus surrounded by the back volume space. This means

the nozzle does not need to be positioned laterally beyond the extent of the

back volume. Instead the back volume can extend further than the nozzle.

This means that the back volume is comparable to a bottom port design - the

back volume is only reduced by the volume of the nozzle. For this reason, the

nozzle preferably has a small volume. This is achieved by forming the nozzle

with thin walls. For example, with reference to Figure 8b, the width of the

upright portion 2 1 can be less than twice the diameter of the hole 23.

The nozzle volume is typically less than 20% of the total back volume,

and may be less than 15%. The back volume can be increased of course by

increasing the cap area to take account of the loss of volume resulting from the

nozzle.

By "surrounded", it is meant that there is a space between the cap side

walls and the nozzle. The nozzle does not have to be contacted on all sides by

the back volume.

By keeping the volume of the nozzle to a minimum, the floor space of

the overall component can be kept as small as possible.

The nozzle can also perform the function of sealing the top-port. By

using a metal cap 13, the nozzle does not need to be conductive, since the

EMI shielding is already sufficient. Thus, it can comprise an elastic material,

such as silicone. This enables the nozzle to absorb production tolerances to



form an airtight connection between the cap 13 and the MEMS die 10, as well

as forming the seal around the underside of the top port.

Other elastic materials may be used, such as other rubbers or

conformal plastics materials. Any material suitable for forming a compression

seal can be used. In some examples, the material needs to retain its shape as

it is partly suspended (Figure 8, where the insert is supported at lateral edges).

In other examples, the material can be more flexible as it is completely

sandwiched between the substrate and cap such as in Figure 4 .

In other designs, the nozzle does not have to perform any sealing

function. Elastic glues can be used between the nozzle and the cap, between

the nozzle and the substrate, between the nozzle and the ASIC and between

the nozzle and the MEMS die. Thus, the required sealing and elasticity can be

provided by glues instead of by the nozzle itself.

These features mean that a single component (the insert) and its

associated glues if required perform the multiple functions of defining an

acoustic path from the top port to the underside of the membrane, sealing the

top port, and providing a seal between the cap and substrate, so that the

volumes on each side of the membrane are isolated (the inside of the nozzle is

part of the inlet side of the membrane, and the outside of the nozzle is part of

the back volume).

In embodiments where the insert has a design which defines an upright

nozzle portion and a base portion on which the MEMS die is seated (as in

Figure 8), the nozzle material also isolates the mechanical stress in the

laminate 11 due to temperature differences between the MEMS die and the

package, resulting in a changed sensitivity. However, this additional function is

can still be achieved with a single insert component.

Compared to the standard top port concept of Figure 2, the nozzle acts

as dust shield, moisture shield.and light shield. These measures protect the

underlying ASIC. In the standard approach of Figure 2, the ASIC is completely

unprotected.

The nozzle can also perform the function of a glob top. In particular, the

nozzle glue used to bond the nozzle to the substrate or ASIC can be used to

protect wire bonds to the ASIC. This protects the balls of the wire bond



connections against erosion. By wire bonding prior to applying the nozzle, the

nozzle can in this way be used to envelop the ball pads by the glue that flows

out of the die-nozzle connection.

Compared to bottom port microphones, the nozzle protects the

membrane during handling against a sharp item which is able to rupture the

membrane through the sound opening.

Furthermore nozzle acts as an additional light shield.

The acoustic performance of the microphone is determined by the

smallest dimension along the acoustic path 17 . This is found in the channel 16,

which represents a bottleneck in the acoustic path 17 . The channel dimension

may be less than Ι ΟΌ µηη , although different designs can allow this to be

enlarged somewhat.

Figure 10 shows in more detail one design of the nozzle used in the

microphone of the invention.

The main plan view shows the square MEMS die 10 with the opening 18

beneath the membrane. Next to the MEMS die 10 is the ASIC 3 . The nozzle

15 is seated on the ASIC 3 and the nozzle opening is aligned with the acoustic

inlet port 14 in the cover.

The plan view of the nozzle 15 alone shows that the upright part of the

nozzle 2 1 sits on a base 20 which provides a flat top area against which the

MEMS die 10 is glued. The channel 16 is at the underside of the base 20, so

that the top surface of the base is a continuous surface, apart from the opening

22.

The channel 16 formed at the underside of the base 20 can be seen

clearly in the cross section DD.

Cross section BB shows the upright part 2 1 of the nozzle, extending up

from the base 20.

Cross section AA shows how the nozzle has a lower surface area 30 for

seating on the ASIC, and a different lower surface area 32 for seating on the

substrate. The connection between the upright nozzle part and the channel is

not shown in Figure 10 - this can be seen from Figure 11A below.

Typical dimensions for the design of Figure 10 are a=1 mm (width of

base beneath the nozzle), b=c=1 .5mm (size of MEMS die), d=0.6mm (height



of upright part of the nozzle, corresponding to height of cap), e=0.5mnn (width

of upright nozzle), f-=0.25mnn (thickness of base part of nozzle beneath the

MEMS die), g=0.05mnn (thickness of cover region of the nozzle over the

channel 16).

Figure 11A shows the full design of Figure 10 using the cross section

AA, and shows more clearly the transition of the acoustic path between the

upright nozzle part and the channel part.

In Figure 11B, an alternative is shown. Instead of the nozzle stepping

down over the ASIC, the ASIC is mounted in a recess in the substrate, and

that recess also forms the lateral channel. The nozzle is supported at its edges

over the substrate. This shows the concept behind the design of Figure 8a in

more detail, and includes the ASIC not shown in Figure 8a.

Figure 12 shows a flow chart of the manufacturing process for the

devices of the first, second and third embodiments. In this process, the MEMS

die 10 is formed in step 100. If the device is manufactured according to the

second embodiment (i.e. with no channel in the MEMS die 10) then the MEMS

die 10 is formed using a deep reactive ion etching (DRIE) process to

anisotropically etch the MEMS die 10 in a region defining the chamber 18

underneath the membrane 12 until the membrane 12 is released from the

MEMS die 10 . Alternatively, if the device is manufactured according to the first

or third embodiment (i.e. with a channel in the MEMS die 10) then the MEMS

die 10 is formed using a first stage of the DRIE process over an area defining a

combination of the chamber 18 and the channel 16 . Once etching has

occurred to a depth sufficient to form the channel 16 then a second stage of

the DRIE process is used over an area defining the chamber 18 only until the

membrane 12 is released from the MEMS die 10 .

In step 101 , the channel 16 is formed in the laminate base 11 in the

case of the second and third embodiments only.

In step 102, the MEMS die 10 is mounted on the laminate base 11 using

a silicone glue. In step 103, the nozzle 15 is then mounted on the laminate

base 11 adjacent the side wall of the MEMS die 10 using a silicone glue to seal

it to the laminate base 11 and to the side wall of the MEMS die 10 . Lastly, the



cap 13 is mounted on the laminate base 11 in step 104, the nozzle being

sealed to the cap 13 using a silicone glue.

Other variations to the disclosed embodiments can be understood and

effected by those skilled in the art in practicing the claimed invention, from a

study of the drawings, the disclosure, and the appended claims. In the claims,

the word "comprising" does not exclude other elements or steps, and the

indefinite article "a" or "an" does not exclude a plurality. The mere fact that

certain measures are recited in mutually different dependent claims does not

indicate that a combination of these measured cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the

scope.



CLAIMS

1. A microphone comprising a housing formed by a cap (13) sealed to a

substrate ( 1 1) , and a MEMS die ( 10) mounted on the substrate ( 1 1) , the

MEMS die ( 10) incorporating a membrane (12), the membrane ( 12) having a

first surface facing the substrate and in fluid communication with an acoustic

inlet port (14) in the cap (13) via an acoustic path (17) and a second surface

facing the inner surface of the cap, which second surface along with part of the

inner surface of the cap (13) defines at least part of a sealed chamber (19)

within which a volume of air is trapped,

wherein the acoustic path (17) is defined at least in part by an upright

nozzle ( 15) terminating at the acoustic inlet port (14) at a first end and at a

channel (16) at the second end, the channel leading to a second chamber ( 18)

beneath the first surface of the membrane, wherein the upright nozzle (15)

comprises a insert which is provided within the sealed chamber ( 19), the

nozzle being surrounded by the sealed chamber volume.

2 A microphone as claimed in claim 1, wherein the channel (16) is

formed in the substrate ( 1 1) and/or a side wall of the MEMS die ( 10) and

couples the second end of the nozzle (15) to the second chamber ( 18).

3 . A microphone according to any of the preceding claims, wherein the

acoustic inlet port (14) is formed by a single hole or by an array of holes.

4 . A microphone according to claim 1 or claim 2, wherein the acoustic

inlet port (14) is formed by making a slit in the cap ( 13) and depressing the cap

( 13) in a region adjacent the slit.

5 . A microphone according to any of claims 2 to 4, wherein the nozzle

( 15) is sealed to the cap (13) around the acoustic inlet port (14).

6 . A microphone according to any claims 2 to 5, wherein the nozzle ( 15)

is provided against and sealed to the side wall of the MEMS die (10).



7 . A microphone according to any of claims 2 to 7, wherein the elastic

insert comprises a base portion (20) and an upright portion (21 ) which defines

the upright nozzle, the base portion and upright portion disposed orthogonally,

the base portion (20) having a first hole (22) for coupling the second chamber

(18) to the channel ( 16) and the upright portion (21 ) having a second hole (23)

for coupling the acoustic inlet port ( 14) to the channel ( 16).

8 . A microphone as claimed in any preceding claim, wherein the

insert comprises an elastic material, and the nozzle defines a seal between the

cap ( 13) and the substrate ( 1 1)

9 . A microphone as claimed in claim 8, wherein the elastic material

comprises silicone.

10 . A method of manufacturing a microphone, the method comprising:

mounting ( 102) a MEMS die ( 10) on a substrate ( 1 1) ;

providing an insert over the substrate, the insert comprising an upright

nozzle ( 15); and

sealing the substrate ( 1 1) to a cap ( 13), with an opening in the cap

aligned with the nozzle,

wherein the MEMS die (10) incorporates a membrane ( 12) and is

mounted on the substrate ( 1 1) such that first and second surfaces of the

membrane ( 12) face the substrate ( 1 1) and an inner surface of the cap (13)

respectively,

wherein sealing the substrate to the cap comprises:

forming a sealed chamber ( 19) within which a volume of air is

trapped, the sealed chamber being defined by the second surface of the

membrane ( 12) along with part of the inner surface of the cap ( 13), with the

nozzle surrounded by the sealed chamber volume;

forming an acoustic path ( 17) by which the first surface of the

membrane ( 12) is placed in fluid communication with an acoustic inlet port (14)

in the cap ( 13) by means of the upright nozzle.



11. A method of manufacturing a microphone according to claim 10,

further comprising forming (100, 102) a channel (16) in the substrate ( 1 1)

and/or a side wall of the MEMS die ( 10), the channel (16) coupling a second

chamber ( 18), at least part of which is defined by the first surface of the

membrane ( 12), with the remainder of the acoustic path (17).

12 . A method of manufacturing a microphone according to claim 10 or

11, further comprising sealing the nozzle (15) to the side wall of the MEMS die

( 10).

13 . A method of manufacturing a microphone according to claim 11 or

claim 12, wherein the nozzle ( 15) is sealed to the cap (13) around the acoustic

inlet port (14) using a silicone glue, and defines a seal between the cap ( 13)

and the substrate ( 1 1) .

14. A method of manufacturing a microphone according to any of claims

10 to 13, wherein the MEMS die (10) is mounted on the substrate ( 1 1) using a

silicone glue.

15 . A method of manufacturing a microphone according to any of claims

10 to 14, wherein the MEMS die (10) is manufactured using a first anisotropic

etching process, such as DRIE, to etch a region of the MEMS die ( 10) defining

a combination of a second chamber ( 18), at least part of which is defined by

the first surface of the membrane ( 12), and the channel (16) followed by a

second anisotropic etching process, such as DRIE, to etch a region of the

MEMS die ( 10) defining the second chamber ( 18) alone until the membrane

( 12) is released.
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