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PACKAGED MICROPHONE WITH
REDUCED PARASITICS

PRIORITY
This patent application claims priority from provisional United States
patent application number 61/435,469, filed January 24, 2011 entitled,
“PACKAGED MICROPHONE WITH REDUCED PARASITICS,” and naming
Michael D. Delaus and Kathleen O’'Donnell as inventors, the disclosure of which

is incorporated herein, in its entirety, by reference.

TECHNICAL FIELD
The invention generally relates to microphones and, more particularly, the

invention relates to MEMS microphones.

BACKGROUND ART

MEMS microphones typically are secured within a package to protect
them from the environment. Many such packages often have a base for
supporting the microphone, and a lid secured to the base forming an interior.
An integrated circuit chip, also mounted within the package interior, processes
electrical signals to and from the microphone. One or more apertures through
some portion of the package permit audio signals to reach the microphone.
Receipt of the audio signal causes the microphone, with its corresponding
integrated circuit chip, to produce an electronic signal representing the audio

qualities of the received signal.
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The microphones and their corresponding integrated circuit chips often
use wire bonds to electrically connect with the base. Undesirably, this technique

increases the footprint of the overall packaged microphone.

SUMMARY OF VARIOUS EMBODIMENTS OF THE INVENTION

In accordance with illustrative embodiments of the invention, a packaged
microphone has a base with a top face, a lid coupled to the base and forming an
interior, and a MEMS microphone (i.e., a die or chip) secured to the top face of
the base within the interior. The packaged microphone also includes a circuit
chip secured to the top face of the base within the interior. The circuit chip has a
top surface with a top pad, a bottom surface with a bottom pad, and a via. The
bottom pad is electrically connected to the base, and the via electrically connects
the top pad with the bottom pad. A wire bond is connected between the MEMS
microphone and the top pad on the circuit chip. The MEMS microphone is
electrically connected to the bottom pad and the base through the via.

In some embodiments, the lid and base form an interior area on the top
face of the base, and the circuit chip forms 1) a circuit chip area (i.e., part of the
interior area) underneath the circuit chip and 2) a remaining area. The remaining
area thus is the rest of the interior area other than the circuit chip area. The
remaining area illustratively is substantially free of traces.

The microphone and circuit chip may cover more than about 70 percent of
the interior area (e.g., more than about 75 percent, 80 percent, 85 percent, or 90
percent). In some embodiments, no wire bonds extend directly from the top face
of the base and the MEMS microphone. The MEMS microphone also may

electrically connect to the base through the wire bond only.



10

15

20

25

WO 2012/103087 PCT/US2012/022359

Among other things, circuitry may be positioned on the top surface of the
circuit chip. In addition to the via noted above, the circuit chip also may include
a plurality of additional vias extending between the top surface and bottom
surface of the circuit chip. In some embodiments, the circuit chip and MEMS
microphone form a plan region that is generally parallel to the base. The plan
region has a space between the circuit chip and MEMS microphone, and the wire
bond is within the plan region only.

In accordance with other embodiments of the invention, a packaged
microphone has a base, a lid coupled to the base forming an interior, and a
MEMS microphone secured to the base within the interior. The packaged
microphone also has a circuit chip, within its interior, having a via and a pad.
The via is electrically connected to the base and the pad. A wire bond electrically
connects between the MEMS microphone and the pad on the circuit chip, thus
electrically connecting the MEMS microphone to the base through the via.

Illustrative embodiments surface mount the circuit chip to the base.
Among other things, the base may include printed circuit board material, and/or
the lid may include conductive material. The lid and base thus may form at least
a partial electromagnetic shield about the interior.

The pad may be located on the top surface of the circuit chip and
connected to the wire bond. Moreover, one or both the lid and base may form an
aperture for receiving an input audio signal. The microphone thus may be
mounted in any of a number of different locations relative to the aperture. For
example, the microphone can substantially cover the aperture.

Various embodiments reduce the footprint of the overall microphone
system and mitigate parasitic capacitance from interconnects between the
microphone and the base. To that end, the MEMS microphone may electrically
connect to the base through the wire bond only.
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In accordance with another embodiment of the invention, a method
mounts a MEMS microphone onto a base formed from circuit board material,
and surface mounts an integrated circuit chip onto the base. The integrated
circuit has a top surface, a bottom surface, and a via extending between the top
and bottom surfaces. The via electrically connects to the base through its surface
mount connection, while the via forms a pad on the top surface. The method
also connects a wire bond between the MEMS microphone and the pad on the
top surface of the integrated circuit chip, and secures a lid to the base.

The integrated circuit chip and MEMS microphone may be considered to
form a plan region that is generally parallel to the substrate. This plan region
also includes a space between the integrated circuit chip and MEMS microphone.
Thus, to reduce the device footprint, illustrative embodiments ensure that the

wire bond is within the plan region only.

BRIEF DESCRIPTION OF THE DRAWINGS

Those skilled in the art should more fully appreciate advantages of
various embodiments of the invention from the following “Description of
[ustrative Embodiments,” discussed with reference to the drawings
summarized immediately below.

Figure 1 schematically shows a perspective view of a packaged
microphone that may be configured in accordance with illustrative embodiments
of the invention.

Figure 2 schematically shows a perspective view of a MEMS microphone

that may be used with illustrative embodiments of the invention.



10

15

20

25

WO 2012/103087 PCT/US2012/022359

Figure 3 schematically shows a cross-sectional view of the MEMS
microphone shown in Figure 2.

Figure 4 schematically shows a cross-sectional view of the packaged
microphone shown in Figure 1.

Figure 5 schematically shows a top view of the packaged microphone of
Figure 1 with the lid removed.

Figure 6 shows a process of assembling the packaged microphone of

Figure 1.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In illustrative embodiments, a packaged microphone is configured to
effectively reduce its footprint and mitigate electromagnetic interference
produced through the electrical connections between its components. To those
ends, the packaged microphone has a package base supporting both an
integrated circuit chip and a microphone chip. The circuit chip has at least one
via through which both it and the microphone chip communicate with the base.
To that end, one or more wire bonds electrically connect the microphone chip to
the base through the circuit chip via. Accordingly, no circuit traces are necessary
on the surface of the base, thus eliminating a potential source of electromagnetic
interference. This connection also favorably reduces the amount of real estate
required for the package base. Details of illustrative embodiments are discussed
below.

Figure 1 schematically shows a packaged microphone 10 implemented in
accordance with illustrative embodiments of the invention. The packaged

microphone 10 has a package 12 that may be coupled with an underlying
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apparatus, such as a printed circuit board. The underlying apparatus, however,
can comprise any of a variety of other devices. Accordingly, discussion of a
printed circuit board is illustrative and not intended to limit a variety of other
embodiments.

The package 12 has a base 14 that, together with a corresponding lid 16,
forms an interior chamber 18 containing a MEMS/ silicon microphone chip 20
and circuit chip 22. The primary function of the circuit chip 22 is to control and
manage input to and output from the microphone chip 20. For example, among
other things, a circuit chip 22 may amplify varying capacitance signals produced
by the microphone chip 20, and control the voltage applied to the microphone
chip 20. Inillustrative embodiments, the circuit chip 22 is implemented as an
application specific integrated circuit, which is also known as an “ASIC.”

Because microphones can be susceptible to radio frequency interference,
or electromagnetic interference (EMI), the package 12 preferably incorporates
noise reducing technology. Accordingly, illustrative embodiments effectively
form a Faraday cage around the microphone in any of a number of different
manners. To that end, the lid 16 in the embodiments shown is a cavity-type,
solid metal lid, which has four walls extending generally orthogonally from a
top, interior face to form a cavity. As solid metal, the lid 16 does not require a
metal coating on a plastic or other base material. Instead, illustrative
embodiments form the lid 16 from a piece of metal, such as a piece of sheet
metal. For example, in illustrative embodiments, the lid 16 is a formed metal lid
having a generally cup-shaped concavity defining a part of the package chamber
18. The lid 16 secures to the top face of the substantially flat package base 14 to
form the interior chamber 18.

Other types of metal lids may be used. For example, the lid 16 may be flat

and coupled to upwardly projecting walls extending from the base 14.
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Alternatively, the lid 16 may be formed from a non-conductive material, with or
without a conductive layer, such as metal. The lid 16 also has an audio input
port 24 (also referred to as an aperture 24) that enables ingress of audio signals
into the chamber 18. In alternative embodiments, however, the audio port 24 is
at another location, such as through another portion of the top face of the lid 16,
the side of the lid 16, or even through the base 14.

Conventional techniques connect the lid 16 to the base 14. For example,
after mounting the microphone 18 and its corresponding ASIC to the base 14,
conventional fabrication processes can connect the lid 16 to the base 14 with an
adhesive. As known by those skilled in the art, a difference in the potential
between the lid 16 and base 14 undesirably can interfere with movement of the
diaphragm 32. Accordingly, conductive adhesive preferably is used to ensure
that the lid 16 has the same potential as prescribed portions of the base 14. To
that end, the base 14 may have a bond pad that directly contacts the lid to
provide such a same potential.

Audio signals entering the interior chamber 18 interact with the
microphone chip 20 and, consequently, the circuit chip 22, to produce an
electrical signal. The bottom face of the package base 14 has a number of
external contacts/bond pads 26 for electrically (and physically, in many
anticipated uses) connecting the microphone system 10 with an external
apparatus (not shown but noted above), such as a printed circuit board or other
electrical interconnect apparatus. In illustrative embodiments, the package 12 is
surface mounted to the circuit board. Accordingly, during use, the microphone
chip 20 and circuit chip 22 cooperate to convert audio signals received through
the aperture 24 into electrical signals, and route those signals through external

contacts/bond pads 26 in the base 14 to the circuit board.
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In illustrative embodiments, the package base 14 is formed from an
electrical interconnect apparatus, such as a ceramic package material, carrier,
printed circuit board material (e.g., using alternating layers of FR-4 or a BT-
resin/epoxy laminate-type material). Other types of packages may be used,
however, such as premolded, leadframe-type packages (also referred to as a
“premolded package”). As suggested above, the base 14 may be a cavity
package, or a flat-type package.

Figure 2 schematically shows a top, perspective view of a MEMS
microphone chip 20 that may be used with illustrative embodiments of the
invention. Figure 3 schematically shows a cross-sectional view of the same
MEMS microphone chip 20. These two figures are discussed simply to detail
some exemplary components that may make up a microphone used in
accordance with various embodiments. As shown in Figures 2 and 3, the
microphone chip 20 has a chip base/substrate 28, one portion of which supports
a suspended backplate 30. The microphone 10 also includes a flexible diaphragm
32 that is suspended by springs 29 over, and movable relative to, the backplate
30. The backplate 30 and diaphragm 32 together form a variable capacitor. In
illustrative embodiments, the backplate 30 is formed from single crystal silicon
(e.g., a part of a silicon-on-insulator wafer), while the diaphragm 32 is formed
from deposited polysilicon. In other embodiments, however, the backplate 30
and diaphragm 32 may be formed from different materials.

In the embodiment shown in Figure 2, the substrate 28 includes the
backplate 30 and other structures, such as a bottom wafer and a buried oxide
layer 34 of an SOI wafer. A portion of the substrate 28 also forms a backside
cavity 36 extending from the bottom of the substrate 28 to the bottom of the
backplate 30. To facilitate operation, the backplate 30 has a plurality of through-
holes 38 that lead to the backside cavity 36.
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It should be noted that various embodiments are sometimes described
herein using words of orientation such as “top,” “bottom,” or “side.” These and
similar terms are merely employed for convenience and typically refer to the
perspective of the drawings. For example, the substrate 28 is below the
diaphragm 32 from the perspective of Figure 2. However, the substrate 28 may
be in some other orientation relative to the diaphragm 32 depending on the
orientation of the MEMS microphone 10. Thus, in the present discussion,
perspective is based on the orientation of the drawings of the MEMS microphone
10.

In operation, audio signals strike the diaphragm 32, causing it to vibrate,
thus varying the distance between the diaphragm 32 and the backplate 30 to
produce a changing capacitance. Such audio signals may contact the microphone
10 from any direction. For example, the audio signals may travel upward, first
through the backplate 30, and then partially through and against the diaphragm
32. In other embodiments, the audio signals may travel in the opposite direction.

Conventional on-chip or off-chip circuitry (e.g., the ASIC, shown in Figs.
4-5) converts this changing capacitance into electrical signals that can be further
processed. It should be noted that discussion of the specific microphone 20 is for
illustrative purposes only. Other microphone configurations thus may be used
with illustrative embodiments of the invention. For example, rather than using
an SOI wafer, the microphone 20 may be formed from a bulk silicon wafer
substrate.

Figure 4 schematically shows a cross-sectional view of the packaged
microphone 10 of Figure 1. The ASIC/circuit chip 22 and the microphone chip
20 preferably are closely positioned within the package interior and electrically
connected with a wire bond 40. As shown in Figure 5, which shows a top view

of the microphone with the lid 16 removed, the wire bond 40 extends between
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bond pads on the ASIC chip 22 and the microphone chip 20.

With reference to Figures 4 and 5, the lid 16 and base 14 are considered to
form an interior area 14A on the top surface of the base 14. This interior area 14A
is bounded by the inner face of the lid 16 and the top surface of the base 14.
Specifically, the interior area 14A begins at the region where the interior chamber
18 begins (identified by example in Figure 4 by arrows “AA”) to form the
perimeter of this region 14A. This entire interior area 14A may be considered to
include a circuit chip area 22A, which is directly underneath the circuit chip 22,
and a remaining area, which is the entire interior area 14A that is not part of the
circuit chip area 22A. The MEMS microphone 20 thus is positioned on the
remaining area, as is the area not covered by the circuit chip 22.

The area covered by the MEMS microphone 20 and circuit chip area 22A
may take up most of the total interior area 14A. For example, the MEMS
microphone 20 and circuit chip 22 may be mounted over more than half of the
total interior area 14A (e.g., more than about 70 percent, 75 percent, 80 percent,
85 percent, or 90 percent). Accordingly, this should significantly reduce the
footprint of the overall package. Inillustrative embodiments, the remaining area
has no circuit traces (i.e., no metal transmission lines in the remaining area) —in
other words, the remaining area is free of circuit traces. As discussed in detail
below, this should reduce parasitic capacitance concerns and the overall
footprint of the packaged microchip 10.

The two chips 20 and 22 may be considered to form a plan region 42 that
is bounded by the outside boundary of the two chips 20 and 22, and the area
directly between the two chips 20 and 22. Using Figure 5 as an example, this
plan region 42 is generally rectangular (although it can be other shapes
depending on the chips 20 and 22) and, in plan view, generally parallel with the
top surface of the base 14. In other words, the plan region 42 is bounded by the
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perimeter of the two chips 20 and 22, and the space between both chips 20 and
22. In accordance with illustrative embodiments, when viewed in plan view as
in Figure 5, the wire bond 40 is contained within this plan region 42 —it does not
extend beyond that region 42.

This is in contrast to prior art packaged microphones known to the
inventors, which, when wire bonding directly to the base 14, require the region
outside of the plan region 42 to accommodate the wire bond 40. Thus, because it
is not required to be sized to accommodate the wire bond 40, the interior region
outside of the plan region 42 can be much smaller, consequently reducing the
overall required footprint of the package. In other words, mounting the wire
bond 40 only within the plan region 42 eliminates the need to enlarge the overall
area of the interior region because the area outside of the plan region does not
need to be sized to contain the wire bond 40.

Some embodiments may have a plurality of wire bonds 40 that all remain
within this plan area. Alternative embodiments, however, may have a plurality
of wire bonds 40 with one or more outside of this region. In any case, those
skilled in the art thus should understand that maintaining the wire bond 40 in
this region eliminates the need to enlarge the base 14 in the base area outside of
the plan region 42. As such, the overall footprint of the package 12 can be
smaller than those with wire bonds outside of the plan region 42. For example,
for order of magnitude, the inventors believe that one implementation of the
package 12 can have a size of about 3 mm length x 2 mm width x 1 mm
thickness.

To facilitate this, the microphone chip 20 illustratively communicates with
the base 14 through this set of wire bonds 40 only. In other words, the
microphone chip 20 has no other means of communicating with the base 14 (and

ultimately an exterior device) other than through the circuit chip 22. To that end,
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in accordance with illustrative embodiments of the invention, the circuit chip 22
has one or more conductive through silicon vias 44 (referred to generally as a
“vias 44” or “TSV 44”) between its top and bottom surfaces. More specifically,
each via 44 extends from a top pad 46 on the top surface of the circuit chip 22 to a
bottom pad 48 on its bottom surface. The wire bond 40 thus is connected (e.g.,
using a thermal compression process) to the top pad 46 of the circuit chip 22, and
a corresponding pad 45 on the microphone chip 20.

In a corresponding manner, the bottom pad 48 of the circuit chip 22 is
surface mounted to the base 14 in a conventional manner. For example, solder
may directly electrically and mechanically connect the bottom pad 48 to a
corresponding bonding site or pad on the base 14. It should be noted that the
circuit chip 22 may be mounted to the base 14 in another manner. Accordingly,
discussion of a specific mounting technique, to either pad, is for illustration only.

The circuitry thus can be located on the top surface of the circuit chip 22
from the perspective of Figure 4 (which is typical). Accordingly, this
arrangement is not a so-called “flip-chip” connection. Alternative embodiments,
however, may form some circuitry on the bottom side. For example, the circuit
chip 22 could be mounted with the surface having at least part of the circuit
facing downwardly. Some such embodiments still may have much of the circuit
on the so-called “top side,” however, which, as known by those in the art, is the
top side of the wafer during the integrated circuit fabrication process. Certain
principles of illustrative embodiments should also apply to those embodiments.

The via 44 thus provides a number of benefits. Without it, to connect the
microphone chip 20 with the circuit chip 22, one skilled in the art may need to
run a metal trace along the top surface of the base 14 to the bottom pad 48 of the
circuit chip 22. This trace then would connect with a wire bond from the

microphone chip 20. A wire bond and trace used in this manner undesirably can
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create a parasitic capacitance. As known by those in the art, MEMS microphones
are particularly sensitive to such capacitances. The via 44 eliminates that
problem because it eliminates the trace.

In addition, the via 44 enables the wire bond 40 to connect directly to it
through the top pad 46, thus permitting the beneficial wire bond connection
between the chips 20 and 22, reducing the overall footprint of the package 12. It
should be noted that the via 44 may connect with circuitry on the circuit chip 22,
or simply be a direct, uninterrupted electrical path to the base 14 (e.g., for the
microphone 20 alone). Illustrative embodiments thus do not have a wire bond
extending from the microphone chip 20 directly to the base 14. The wire bond
40, which is connected to the circuit chip 22, therefore is the only means of
electrical connection between the microphone chip 20 and the base 14.
Alternative embodiments, however, may have other wire bonds connected to the
base.

Figure 6 shows a processes of assembling the packaged microphone 10 as
shown in Figure 1. It should be noted that although this process refers to
forming a single packaged microphone, those skilled in the art can expand it to
cover batch packaging processes. Such batch processes can form two
dimensional arrays of packaged microphones substantially simultaneously, and
complete the process with a cutting/dicing operation to produce multiple
individual packaged microphones, such as that shown in Figure 1. Moreover,
the process merely highlights several of many steps that actually take place in a
package assembly process. Figure 6 thus omits some steps (e.g., testing steps)
that those skilled in the art understand may take place.

The process begins at step 600, which mounts the two chips 20 and 22 to
the base 14. To that end, the process may secure the microphone 20 onto a non-

conductive portion of the top face of the base 20 using adhesive or other securing
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means. In illustrative embodiments, this position is in close proximity to the
aperture 24. For example, if the aperture 24 is formed through the base 14, the
microphone 20 may be mounted directly over the aperture 24, or immediately
next to it. As another example, as shown in Figure 4, the microphone 20 may be
mounted directly underneath the aperture 24.

To surface mount the circuit chip 22, the process may place solder onto the
base pads exposed on the top base surface. Alternatively, the solder is placed
onto the chip pads 48. Next, the process positions the circuit chip 22 onto the
base 14 so that its chip pads 48 are in direct contact with the solder. A reflow
operation melts the solder, consequently electrically and mechanically securing
the circuit chip 22 to the base 14. In some embodiments, the process further may
add an underfill material beneath the circuit chip 22.

The process continues to step 602, which connects wirebond(s) 40 between
the microphone chip and the circuit chip 22. As noted above, in illustrative
embodiments, these wirebond(s) 40 are the only electrical contact that the
microphone chip 20 has with the base 14. In fact, as also noted above, there may
be only one wirebond 40, or many wirebonds between the chips 20 and 22. For
example, one could be for positive voltage supply, another for ground, and
another to transmit the variable capacitive signal to the base 14 and, ultimately,
to an external component. To that end, the process connects the wire bond(s) 40
between a pad on the microphone chip 20 and the top pad(s) 46 on the circuit
chip 22. Alternative embodiments, however, may have only one of those
wirebonds 40 in the plan region 42.

The process concludes at step 604 by connecting the lid 16 to the base 14.
If formed of metal, having a metal layer, or otherwise conductive (e.g., a
conductive polymer), illustrative embodiments align the lid 16 so that it contacts

a base pad having a specified potential (e.g., ground). This ensures that the lid 16
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has a controlled potential that will enhance microphone performance (e.g., help
limit electromagnetic interference, EMI). To that end, a conductive adhesive or
other means may secure the lid 16 to the base 14. It should be noted that the lid
16 should be carefully positioned and alighed since there is much less clearance
from its side walls than many prior art lids.
Although the above discussion discloses various exemplary embodiments

of the invention, it should be apparent that those skilled in the art can make
various modifications that will achieve some of the advantages of the invention

without departing from the true scope of the invention.
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What is claimed is:

1. A packaged microphone comprising:

a base having a top face;

a lid coupled to the base and forming an interior;

a MEMS microphone secured to the top face of the base within the
interior;

a circuit chip secured to the top face of the base within the interior, the
circuit chip having a top surface with a top pad, a bottom surface with a bottom
pad, and a via, the bottom pad being electrically connected to the base, the via
electrically connecting the top pad with the bottom pad; and

a wire bond connected between the MEMS microphone and the top pad
on the circuit chip, the MEMS microphone being electrically connected to the
bottom pad and the base through the via.

2. The packaged microphone as defined by claim 1 wherein the lid and base
form an interior area on the top face of the base, the circuit chip forming a circuit
chip area of the interior area underneath the circuit chip and a remaining area,
the remaining area being the rest of the interior area other than the circuit chip

area, the remaining area being substantially free of traces.

3. The packaged microchip as defined by claim 1 wherein the lid and base
form an interior area on the top face of the base, the microphone and circuit chip

covering more than about 70 percent of the interior area.

4. The packaged microphone as defined by claim 1 wherein no wire bonds

extend directly from the top face of the base and the MEMS microphone.
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5. The packaged microphone as defined by claim 1 wherein the MEMS

microphone electrically connects to the base through the wire bond only.

6. The packaged microphone as defined by claim 1 wherein circuitry is

positioned on the top surface of the circuit chip.

7. The packaged microphone as defined by claim 1 wherein the circuit chip
comprises a plurality of additional vias extending between the top surface and

bottom surface of the circuit chip.

8. The packaged microphone as defined by claim 1 wherein the circuit chip
and MEMS microphone form a plan region that is generally parallel to the base,
the plan region including a space between the circuit chip and MEMS

microphone, the wire bond being within the plan region only.

9. A packaged microphone comprising:

a base having a top face;

a lid coupled to the base and forming an interior;

a MEMS microphone secured to the top face of the base within the
interior;

a circuit chip having a via and a pad and being within the interior, the via
being electrically connected to the base and the pad; and

a wire bond connected between the MEMS microphone and the pad on
the circuit chip, the MEMS microphone being electrically connected to the base
through the via of the circuit chip.



10

15

20

25

WO 2012/103087 PCT/US2012/022359

18

10.  The packaged microphone as defined by claim 9 wherein the circuit chip

is surface mounted to the base.

11.  The packaged microphone as defined by claim 9 wherein the base

comprises printed circuit board material.

12.  The packaged microphone as defined by claim 9 wherein the lid and base

form at least a partial electromagnetic shield about the interior.

13.  The packaged microphone as defined by claim 9 wherein the circuit chip
is an integrated circuit with a top surface, the pad being on the top surface of the

circuit chip and being connected to the wire bond.

14.  The packaged microphone as defined by claim 9 wherein one or both the

lid and base form an aperture for receiving an input audio signal.

15.  The packaged microphone as defined by claim 9 wherein the MEMS

microphone electrically connects to the base through the wire bond only.

16.  The packaged microphone as defined by claim 9 wherein the circuit chip
has a top surface and a bottom surface, circuitry being positioned on the top

surface.

17.  The packaged microphone as defined by claim 9 wherein the lid and base
form an interior area on the top face of the base, the circuit chip forming a circuit

chip area of the interior area underneath the circuit chip and a remaining area,
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the remaining area being the rest of the interior area other than the circuit chip

area, the remaining area being substantially free of traces.

18. A method comprising;:

mounting a MEMS microphone onto the top face of a base formed from
circuit board material;

surface mounting an integrated circuit chip onto the top face of the base,
the integrated circuit having a top surface with a top pad, a bottom surface with
a bottom pad, and a via extending between the top and bottom surfaces, the via
being electrically connected to the base through the bottom pad with a surface
mount connection;

connecting a wire bond between the MEMS microphone and the top pad
on the top surface of the integrated circuit chip; and

securing a lid to the base.

19.  The method as defined by claim 18 wherein the integrated circuit chip
and MEMS microphone form a plan region that is generally parallel to the base,
the plan region including a space between the integrated circuit chip and MEMS

microphone, the wire bond being within the plan region only.

20.  The method as defined by claim 18 wherein securing the lid to the base

comprises forming an electromagnetic shield about the MEMS microphone.
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