Loudspeaker Array with Circuit Board-Integrated ASIC

The present invention relates to a loudspeaker array comprising a printed circuit
board, a MEMS loudspeaker for generating sound waves in the audible
wavelength range and an ASIC, which is electrically connected to the MEMS

loudspeaker.

The term MEMS stands for micro-electromechanical systems. A MEMS-based
loudspeaker or, more specifically, a micro speaker is known, for example, from
the German patent DE 10 2012 220 819 Al. The sound generation is effected by
means of a diaphragm of the MEMS loudspeaker, with the diaphragm being
mounted in such a manner that it can oscillate. A micro speaker of this type
typically needs to generate a high air volume displacement in order to gain a
significant sound pressure level. Known MEMS loudspeakers have the

disadvantage that they have a relatively large space requirement.

The object of the present invention is to provide a loudspeaker array that is

designed such that it is very compact.

The aforementioned object is achieved by means of a loudspeaker array
exhibiting the features disclosed in the independent patent claim 1.

Proposed is a loudspeaker array for MEMS loudspeakers, which lend themselves
to generating sound waves in the audible wavelength range. The loudspeaker
array comprises a printed circuit board, a MEMS loudspeaker and an ASIC. The
MEMS loudspeaker is a micro-electromechanical system for generating sound

waves in the audible wavelength range. The MEMS loudspeaker has a diaphragm



that can be deflected in a Z axis of the MEMS loudspeaker. Preferably the MEMS
loudspeaker is driven by electro-mechanical means, electrostatic means and/or
piezo-electric means. The MEMS loudspeaker is electrically connected to the
ASIC. The printed circuit board has a first circuit board cavity, which is, in
particular, more or less closed. The ASIC is disposed in this first circuit board
cavity. Thus, the ASIC is completely integrated into the printed circuit board. As a
result, the ASIC, which is protected against external influences, is accommodated
in the interior of the first circuit board cavity of the printed circuit board. The
printed circuit board has a second circuit board cavity. The second circuit board
cavity comprises an opening. The MEMS loudspeaker extends over the opening
of the second circuit board cavity in such a way that the opening is completely
closed by means of said MEMS loudspeaker. Furthermore, the MEMS
loudspeaker extends over the opening in such a way that the second circuit board
cavity forms at least a part of a cavity of the MEMS loudspeaker. The term “cavity”
is defined as a cavity, by means of which the sound pressure of the MEMS
loudspeaker can be increased. If the ASIC is fully integrated into the printed circuit
board and at the same time the printed circuit board forms at least partially the
cavity of the MEMS loudspeaker, then the loudspeaker array may be designed
such that it is very compact. The loudspeaker array has a sound-conducting
channel. The sound-conducting channel is disposed adjacent to the MEMS
loudspeaker. Thus, the sound, generated by the MEMS loudspeaker, is carried
away via the sound-conducting channel. On its end facing away from the MEMS
loudspeaker, the sound-conducting channel has an acoustic outlet opening. This
acoustic outlet opening allows the sound, which is generated, to leave the
loudspeaker array. The sound-conducting channel extends at an angle, in
particular, at a 90°-angle, to the Z axis of the MEMS loudspeaker. The acoustic

outlet opening is arranged on a side face of the loudspeaker array. The side face



is aligned preferably parallel to the Z axis; and/or the surface normal of the side
face is aligned preferably perpendicular to the Z axis.

It is advantageous if the printed circuit board has a third circuit board cavity, in
which the MEMS loudspeaker is disposed at least partially. This aspect allows the
MEMS loudspeaker to be at least partially integrated into the printed circuit board
in a form-fitting manner, with the result that the space requirement of the
loudspeaker array is reduced. Preferably the third circuit board cavity is arranged
in such a way that it is, in particular, immediately adjacent to the second circuit
board cavity. Furthermore, the third circuit board cavity is preferably formed, in
particular, directly in the region of the opening of the second circuit board cavity.
Furthermore, the MEMS loudspeaker is fixed, in particular, in a form-fitting
manner in the printed circuit board. In addition, the MEMS loudspeaker can be
securely connected to the printed circuit board by material bonding, in particular,
by adhesively cementing, and/or in a force fitting manner, in particular, by

pressing into said printed circuit board.

In an advantageous further development of the invention the MEMS loudspeaker
is preferably completely integrated into and/or embedded in the printed circuit
board. This integration of the MEMS loudspeaker into the printed circuit board is
configured preferably in such a way that the third circuit board cavity envelops in a
form-fitting manner the MEMS loudspeaker in the edge region of said third circuit
board cavity, preferably in the manner of a frame and/or in the region of its side
facing the second circuit board cavity and/or its side facing away from the second
circuit board cavity. As a result, during the layerwise production of the printed
circuit board the MEMS loudspeaker can be integratively and securely connected

to said printed circuit board. This feature allows the manufacturing process of the



loudspeaker array to be designed in such a way that it is very easy and cost-
effective.

In order to amplify the sound, generated by the MEMS loudspeaker, and/or to be
able to guide the sound, generated by the MEMS loudspeaker, in one direction or,
more specifically, to one side of the loudspeaker array, it is advantageous if the
loudspeaker array has a sound-conducting channel that is, in particular,
immediately adjacent to the third circuit board cavity. Preferably the sound-
conducting channel is formed at least partially by a fourth circuit board cavity of
the printed circuit board. This feature offers the advantage that no additional
components are needed to form the sound-conducting channel. Furthermore, this
feature allows the loudspeaker array to be designed in a very space-saving

manner.

In addition, it is also advantageous if the sound-conducting channel has an
acoustic outlet opening in the direction of an outer face, in particular, in the
direction of an installation-oriented top side and/or in the direction of a side face,
of the loudspeaker array, in particular, the printed circuit board. From this outlet
opening the sound that is generated by the MEMS loudspeaker can exit the

loudspeaker array, in particular, the printed circuit board.

It is advantageous if the printed circuit board has a fourth circuit board cavity. This
fourth circuit board cavity forms preferably at least partially the sound-conducting
channel. This feature allows the loudspeaker array to be designed in a very

compact and cost-effective way.

In order to securely fix the MEMS loudspeaker in the printed circuit board, it is

advantageous if the third circuit board cavity has a greater width than the second



and/or fourth circuit board cavity/cavities in order to envelop the MEMS
loudspeaker in a form-fitting manner. In addition to this form-fitting fixing of the
MEMS loudspeaker, said MEMS loudspeaker may be optionally fixed by material
bonding and/or in a force fitting manner in the third circuit board cavity, which can
also be designed as a circuit board recess on an outer face of the printed circuit
board.

It is advantageous if the width of the sound-conducting channel, in particular, the
fourth circuit board cavity, increases at least in regions, in particular, starting from
the MEMS loudspeaker and/or the third circuit board cavity, in the direction of the
outlet opening. This increase in width is designed preferably in the shape of a

funnel.

The MEMS loudspeaker faces preferably an outer face, in particular, an
installation-oriented top side of the loudspeaker array and/or the printed circuit
board. In order to be able to direct the sound, generated by the MEMS
loudspeaker, in a direction that deviates from the orientation of the MEMS
loudspeaker as installed, it is advantageous if the sound-conducting channel, in
particular, the fourth circuit board cavity, has a first region and a second region. In
this case the first region is arranged preferably adjacent to the MEMS
loudspeaker. The second region is arranged, in particular, adjacent to the outlet
opening. In order to direct the sound in a direction that is independent of the
orientation of the MEMS loudspeaker, it is advantageous if the first and second
regions are inclined at an angle with respect to each other. For this purpose the
sound-conducting channel may be curved and/or bent. The angular inclination of
the two regions is preferably 90°. As a result, the MEMS loudspeaker can be

oriented toward a top side or bottom side of the loudspeaker array, in particular,



the printed circuit board, where in this case the sound that is generated can exit in
another region, in particular, on a side face of the printed circuit board.

A very compact design of the loudspeaker array can be effected, if the MEMS
loudspeaker is fully integrated into the printed circuit board and the printed circuit
board forms at least partially the cavity and the sound-conducting channel. For
this purpose it is advantageous if the second and fourth circuit board cavities are
spaced apart from each other by means of the third circuit board cavity.
Furthermore, it is advantageous if the second and fourth circuit board cavities are
separated from each other by means of the MEMS loudspeaker that is integrated

into the third circuit board cavity.

In an advantageous further development of the invention the MEMS loudspeaker
comprises a carrier substrate; a substrate cavity, which is formed in the carrier
substrate; and a diaphragm. In this case the carrier substrate forms preferably a
frame. For this purpose the substrate cavity has a first and second substrate
opening, in particular, on two opposite sides of the carrier substrate. Hence, the
frame-shaped carrier substrate is preferably open toward a top side and a bottom
side of the MEMS loudspeaker. One of these two substrate openings, in
particular, the first substrate opening, is spanned by means of the diaphragm,
which is preferably connected in its edge region to the carrier substrate, in such a
way that the diaphragm can oscillate in relation to the carrier substrate in order to

generate sound energy.

In order to form a cavity that is as large as possible, it is advantageous if the
MEMS loudspeaker is oriented in comparison to the printed circuit board in such a
way that the substrate cavity and the second circuit board cavity together form the
cavity of the MEMS loudspeaker. This arrangement also allows the volume of the

cavity, which is formed at least by the second circuit board cavity, to be increased



by means of the volume of the substrate cavity. For this purpose the second
substrate opening of the MEMS loudspeaker is preferably oriented toward the

second circuit board cavity.

It is also advantageous if the MEMS loudspeaker is oriented with respect to the
printed circuit board in such a way that the substrate cavity forms at least partially
the sound channel, in particular, together with the fourth circuit board cavity. As a
result, the loudspeaker array can be designed such that it is very compact. In this
respect it is advantageous if the second substrate opening faces away from the
second circuit board cavity.

The loudspeaker array can be produced very easily and cost-effectively, if the
printed circuit board is constructed like a sandwich of several layers that are
arranged one on top of the other and/or are connected to each other, preferably

by material bonding.

In order to design the ASIC, the cavity, the MEMS loudspeaker and/or the sound-
conducting channel such that they are integrated into the printed circuit board, it is
advantageous if at least one of these layers has a first recess, by means of which
the first circuit board cavity is formed at least partially, in order to receive the ASIC
in an embedded manner. In addition or as an alternative, it is also advantageous if
at least one of these layers has a second recess, by means of which the second,

third and/or fourth circuit board cavity/cavities is/are formed at least partially.

Preferably the printed circuit board comprises a plurality of stacked layers having
such a first and/or second recess, so that the circuit board cavity, which is formed
by means of said first and/or second recess, has a correspondingly sufficient

volume, in particular, sufficient height that the ASIC can be disposed therein.



Furthermore, this feature makes it possible for the respective circuit board cavity
to be designed such that it has a correspondingly sufficient volume to receive the
MEMS loudspeaker.

It is advantageous if the second circuit board cavity forms together with the third
and/or fourth circuit board cavity/cavities a common acoustic cavity, which is
divided by means of the MEMS loudspeaker into the cavity and at least one part

of the sound-conducting channel.

In order to make the loudspeaker array as flat as possible, it is advantageous if
the first and second circuit board cavities, in particular, the first and second
recesses, are arranged side by side. Furthermore, it is advantageous if the first
and second circuit board cavities are separated from each other. In order to be
able to make the loudspeaker array as narrow as possible, it is also
advantageous as an alternative, if the first and second circuit board cavities are
arranged one on top of the other and/or are separated from each other, in

particular, by means of a layer.

In order to generate sound waves, the diaphragm oscillates in the Z direction at
least partially into the second and/or fourth circuit board cavity/cavities. In order to
equalize the pressure, it is advantageous if the printed circuit board has at least
one pressure equalization channel. This pressure equalization channel connects
the second circuit board cavity to an outer face of the loudspeaker array. The
pressure equalization channel extends preferably from the second circuit board
cavity up to an outer face of the loudspeaker array, in particular, the printed circuit
board. Furthermore, this pressure equalization channel has preferably an

equalization opening on at least one of the outer faces of the loudspeaker array,



in particular, the printed circuit board, preferably a side face, a bottom side and/or

a top side.

It is advantageous if the pressure equalization channel has a first section, which is
connected, in particular, to the second circuit board cavity, and a second section,
which is connected, in particular, to the equalization opening; and both the first
and second sections are connected to each other and are preferably inclined with
respect to each other at an angle, in particular, of 90°. Preferably the two sections
are connected together by way of an elbow or a bend. Therefore, depending on
the installation situation of the loudspeaker array, the equalization opening can be
disposed in an optimum region on one of the outer faces of the loudspeaker array,

in particular, the printed circuit board.

Furthermore, the invention proposes a loudspeaker array, which is preferably
designed in accordance with the foregoing description, where in this case the
aforementioned features may be present individually or in any combination. The
loudspeaker array comprises a printed circuit board, a MEMS loudspeaker for
generating sound waves in the audible wavelength range and an ASIC that is
electrically connected to the MEMS loudspeaker. The printed circuit board
comprises a first circuit board cavity, in which the ASIC is disposed so as to be
completely integrated into the printed circuit board. The printed circuit board has a
second circuit board cavity with an opening, which is closed by means of the
MEMS loudspeaker. As a result, the second circuit board cavity forms at least a
part of a cavity of the MEMS loudspeaker. The printed circuit board has at least
one pressure equalization channel. Hence, the pressure equalization channel is
formed at least partially in the printed circuit board or, more specifically, is

integrated therein. Said pressure equalization channel extends from the second
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circuit board cavity, in particular, from the cavity, up to an outer face of the
loudspeaker array.

It is advantageous if the pressure equalization channel has an equalization
opening in order to equalize the pressure with the surrounding area. This
equalization opening is arranged preferably on the outer face, preferably a side
face, a bottom side and/or a top side, of the loudspeaker array, in particular, the
printed circuit board. The equalization opening is arranged preferably on the end

of the pressure equalization channel that faces away from the cavity.

It is advantageous if the pressure equalization channel has a first section, which is
connected, in particular, to the second circuit board cavity, and/or a second
section, which is connected, in particular, to the equalization opening. Preferably
these two sections are arranged at an angle to each other. As a result, in
particular, an elbow is formed between them. The two regions are preferably

inclined with respect to each other at an angle of, in particular, 90°.

Additional advantages of the invention are described in the following exemplary

embodiments. The drawings show in:

Figure 1 a first exemplary embodiment of the loudspeaker array in a
sectional view, wherein the loudspeaker array comprises an ASIC,
which is integrated into the printed circuit board, and a cavity, which

is integrated into the printed circuit board,

Figure 2 a second exemplary embodiment of the loudspeaker array in a
sectional view, wherein the loudspeaker array comprises an ASIC,

which is integrated into the printed circuit board, and a cavity, which



Figure 3

Figure 4

Figure 5

Figure 6

Figure 7
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Is integrated into the printed circuit board, and a MEMS
loudspeaker, which is integrated into the printed circuit board,

a third exemplary embodiment of the loudspeaker array in a
sectional view, wherein the loudspeaker array comprises an ASIC,
which is integrated into the printed circuit board, and a cavity, which
is integrated into the printed circuit board, a MEMS loudspeaker,
which is integrated into the printed circuit board, and a sound-
conducting channel, which is integrated into the printed circuit

board,

a fourth exemplary embodiment of the loudspeaker array in a
sectional view with an alternative orientation of the MEMS
loudspeaker and an alternative embodiment of a pressure

equalization channel,

a fifth exemplary embodiment of the loudspeaker array in a
sectional view with an alternative embodiment of the sound-

conducting channel,

a sixth exemplary embodiment of the loudspeaker array in a
sectional view with an alternative embodiment of the MEMS

loudspeaker, and

a seventh exemplary embodiment of the loudspeaker array in a
sectional view with an alternative embodiment of the second circuit

board cavity.
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In the following description of the figures terms are used to define the
relationships between the various elements that relate to the position of each
object depicted in the figures, such as, for example, above, below, up, down,
over, under, left, right, vertically and horizontally. Of course, it goes without saying
that these terms may change in the case of a deviation from the position of the
devices and/or elements depicted in the figures. Thus, for example, if an
orientation of the devices and/or elements shown in the figures is inverted, then a
feature that is specified as “above” in the following description of the figures would
now be arranged “below.” Hence, the relative terms that are applied are used
merely for the sake of simplifying the description of the relative relationships
between the individual devices and/or elements described below. In the
exemplary embodiments shown in the figures a Z axis of a MEMS loudspeaker, in
the direction of which a diaphragm of the MEMS loudspeaker can oscillate,
extends vertically or, more specifically, between the top side and the bottom side

of the loudspeaker array.

Figure 1 shows a first exemplary embodiment of a loudspeaker array 1 in a lateral
sectional view. The loudspeaker array 1 comprises in essence a printed circuit
board 2, a MEMS loudspeaker 3 and an ASIC 4. The MEMS loudspeaker 3 is
connected to the ASIC 4 with electrical contacts that are not shown in more detail
in the figures. As a result, the MEMS loudspeaker 3 can be controlled by means
of the ASIC 4.

The MEMS loudspeaker 3 is designed in such a way that it can generate sound
waves in the audible wavelength range. To this end, the MEMS loudspeaker 3
comprises a carrier substrate 5. The carrier substrate 5 has at least one substrate
cavity 6. The substrate cavity 6 has in turn a first, figure-oriented top substrate

opening 7 and a second, figure-oriented bottom substrate opening 8 in the region
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of two opposite sides of the carrier substrate 5. Thus, the carrier substrate 5 forms
a frame. Furthermore, the MEMS loudspeaker 3 comprises a diaphragm 9. This
diaphragm is securely connected to the carrier substrate in the edge region 10 of
the carrier substrate 5. As a result, the diaphragm 9 spans the frame-shaped
carrier substrate 5 in the region of the first substrate opening 7. The MEMS
loudspeaker 3 can be excited by means of the ASIC 4 in such a way that the
diaphragm 9 is made to oscillate in relation to the carrier substrate 5 in order to

generate sound energy.

According to Figure 1, the printed circuit board 2 has a first circuit board cavity 11.
The first circuit board cavity 11 is more or less completely closed. The ASIC 4 is
disposed in the first circuit board cavity 11. As a result, the ASIC 4 is completely

embedded in the printed circuit board 2.

In addition to the ASIC 4, the loudspeaker array 1 has electrical, in particular,
passive, additional components 12a, 12b. These electronic additional
components 12a, 12b are also embedded in the printed circuit board 2. For this
purpose these additional components are arranged, according to the exemplary
embodiment shown in Figure 1, in the same first circuit board cavity 11. As an
alternative, however, the first circuit board cavity 11 could also comprise a
plurality of circuit board cavities that are separated from each other, where in this
case an electronic component, i.e., the ASIC 4 and/or an additional component
12a, 12b, could be disposed separately in each circuit board cavity. That being
the case, it is advantageous if these circuit board cavities are arranged in a plane

of the loudspeaker array 1.

In addition to the first circuit board cavity 11, the printed circuit board 2 comprises

a second circuit board cavity 13. The second circuit board cavity 13 has an
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opening 14. This opening is closed by the MEMS loudspeaker 3. To this end the
MEMS loudspeaker 3 extends over at least the entire width of the opening 14. As
a result, the second circuit board cavity 13 forms a part of a cavity 15 of the
MEMS loudspeaker 3. The cavity 15 is used to increase the sound pressure of the
MEMS loudspeaker 3. Due to the installation position of the MEMS loudspeaker 3
the other part of the cavity 15 is formed by means of the substrate cavity 6 of the
MEMS loudspeaker 3. As a result, the cavity 15 of the MEMS loudspeaker 3 is
designed in accordance with the exemplary embodiment shown in Figure 1 such
that it is very large, since it is formed by means of both the second circuit board
cavity 13 and also by means of the substrate cavity 6.

In order to be able to ensure a pressure equalization between the cavity 15 and
the surrounding area when the diaphragm 9 is oscillating, the loudspeaker array 1
has at least one pressure equalization channel 16a, 16b, where in this case the
exemplary embodiment shown in Figure 1 comprises a first and second pressure
equalization channel 16a, 16b. The two pressure equalization channels 16a, 16b
are formed in the printed circuit board 2. Both of them extend, starting from the
second circuit board cavity 13, up to an outer side face 17a, 17b of the printed
circuit board 2. At this outer face of the printed circuit board 2, in this case the side
face 17a, 17b, each one of the pressure equalization channels 16a, 16b has an
equalization opening 18a, 18b respectively. Therefore, in order to equalize the
pressure, it is possible, when lowering the diaphragm 9, for the air to flow from the
second circuit board cavity 13 through the pressure equalization channels 16a,
16b out of the printed circuit board 2. However, in an analogous manner it is also
possible, when lifting the diaphragm 9, for the air to flow through the pressure
equalization channels 16a, 16b into the second circuit board cavity 13. According

to the exemplary embodiment shown in Figure 1, the two through-flow channels
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16a, 16b extend, in particular, coaxially to one another, in the transverse direction
of the printed circuit board 2.

According to Figure 1, the opening 14 of the second circuit board cavity 13 is
formed on the outside of the printed circuit board 2, in this case the installation-
oriented top side 19 of the printed circuit board 2. Therefore, in order to
completely close this opening 14, the MEMS loudspeaker 3 is also arranged,
according to Figure 1, on the outside or, more specifically, the top side 19 of the
printed circuit board 2. In this case the MEMS loudspeaker 3 is oriented with
respect to the printed circuit board 2 in such a way that its second substrate
opening 8 faces the printed circuit board 2. This arrangement allows the volume
of the cavity 15 to be increased, since the cavity 15 also comprises now not only

the second circuit board cavity 13, but also the substrate cavity 6.

The MEMS loudspeaker 3 may be bonded to the printed circuit board 2. However,
in addition or as an alternative, said MEMS loudspeaker may also be connected,
according to Figure 1, by material bonding and/or in a form-fitting manner to the
printed circuit board 2 by means of a protective layer 20. The protective layer 20
is formed on the top side 19 of the printed circuit board 2 and extends in the
transverse direction of the loudspeaker array 1 up to the edge region 10 of the
MEMS loudspeaker 3. This arrangement allows the MEMS loudspeaker 3 to be
securely connected to the printed circuit board 2.

Furthermore, the loudspeaker array 1 comprises a sound-conducting channel 21,
which extends on the side of the MEMS loudspeaker 3 that faces away from the
second circuit board cavity 13 as far as up to an outer face of the loudspeaker
array 1. On the outer face of the loudspeaker array 1, the sound-conducting

channel 21 has an acoustic outlet opening 22.
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Due to the fact that the ASIC 4 is designed so as to be integrated into the printed
circuit board 2 and that the at least one part of the cavity 15 is designed so as to
be integrated into the printed circuit board 2, the loudspeaker array 1 can be
made very compact. Furthermore, the loudspeaker array 1 is very inexpensive to
produce, especially since the printed circuit board 2 is constructed like a
sandwich. Hence, the printed circuit board 2 comprises a plurality of layers 23 that
are arranged one on top of the other and/or are connected to each other. For the
sake of clarity only one of these layers is provided with a reference numeral. The
layers 23 are securely connected to each other. Some of these layers 23 have at
least one recess 24, by means of which the height of one of the circuit board

cavities 11, 13 is formed at least partially.

In this context the layers 23 can be selected such that they are so thick that just a
single layer has a corresponding height in order to form the respective circuit
board cavity 11, 13. However, as an alternative, it is just as conceivable that a
plurality of such layers 23, in particular, with a recess 24, which is identical in
design and/or is arranged so as to be congruent to each other, are stacked one
on top of the other, until the desired height for the respective circuit board

cavity 11, 13 is reached.

According to Figure 1, the first and second circuit board cavities 11, 13 are
arranged one on top of the other. The printed circuit board 2 has at least one
continuous layer, i.e., without a recess 24, in the region between the first circuit
board cavity 11 and the second circuit board cavity 13, so that the two circuit
board cavities 11, 13 are separated from each other.
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Figures 2 to 7 show additional embodiments of the loudspeaker array 1, where in
essence only the differences with respect to the embodiments that have already
been described are discussed. Therefore, in the following description of the
additional embodiments the same reference numerals are used for the same
features. If these features are not explained again in detail, their design and mode
of action correspond to the features already described above. The differences
described below may be combined with the features of the exemplary

embodiments described above and below respectively.

In contrast to the exemplary embodiment shown in Figure 1, in the exemplary
embodiment shown in Figure 2, the MEMS loudspeaker 3 is additionally also
integrated into the printed circuit board 2. For this purpose the printed circuit
board 2 has a third circuit board cavity 25. This third circuit board cavity 25 is
formed adjacent to and/or in accordance with the illustrated orientation of the
loudspeaker array 1 above the second circuit board cavity 13. According to the
present exemplary embodiment, the third circuit board cavity 25 has, compared to
the second circuit board cavity 13, a greater width. This width corresponds more
or less to the width of the MEMS loudspeaker 3. The MEMS loudspeaker 3 is
disposed in the third circuit board cavity 25 and is consequently completely

embedded in the printed circuit board 2.

Due to the differences in width between the second and third circuit board cavities
13, 25 in the transverse direction of the loudspeaker array 1, a projection 26 is
formed between these two cavities, where in this case the position of the MEMS
loudspeaker 3 in the printed circuit board 2 in the Z direction is determined by
means of said projection.
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The loudspeaker array 1 does not necessarily require a protective layer 20, as
depicted in the exemplary embodiment shown in Figure 1, since the MEMS
loudspeaker 3 is positioned in a form-fitting manner in the printed circuit board 2
and is also held in a form-fitting manner downwards in the transverse direction. In
order to be able to prevent the MEMS loudspeaker 3 from falling out of the third
circuit board cavity 25, the MEMS loudspeaker 3 is glued into the third circuit

board cavity 25 and/or is pressed with a force fit into said third circuit board cavity.

The third circuit board cavity 25 is formed by at least one additional layer 23 of the
printed circuit board 2. In accordance with the above description the third circuit
board cavity 25 can be formed in a manner analogous to the first and second
circuit board cavities 11, 13 by a single layer 23, which has a recess 24. As an
alternative, however, it is also possible to connect together several layers 23
having mutually congruent recesses 24 in such a way that said layers lie one on
top of the other.

According to Figure 2, the MEMS loudspeaker 3 sits flush with the top side 19 of
the printed circuit board 2. As an alternative, however, the height of the third
circuit board cavity 25 may also be designed so as to be greater than the height of
the MEMS loudspeaker 3, so that the MEMS loudspeaker 3 is at a distance from
the top side 19 of the printed circuit board 2.

In addition to the exemplary embodiment shown in Figure 2, the exemplary
embodiment shown in Figure 3 has a fourth circuit board cavity 27. The fourth
circuit board cavity 27 is formed adjacent to and/or above the third circuit board
cavity 25. Consequently the fourth circuit board cavity 27 is formed on a side of
the third circuit board cavity 25 that faces away from the second circuit board

cavity 13. As a result, the fourth circuit board cavity 27 forms the sound-
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conducting channel 21 of the loudspeaker array 1. According to the exemplary
embodiment shown in Figure 1, the sound-conducting channel 21 expands in the
direction of the outer face of the printed circuit board 2. In the present case the
sound-conducting channel 21, which is formed completely by the fourth circuit

board cavity 27 of the printed circuit board 2, has a conical shape.

The fourth circuit board cavity 27 has, compared to the third circuit board cavity
25, a smaller width. Therefore, in comparison to the second and fourth circuit
board cavities 13, 27, the third circuit board cavity 25 has a larger width. As a
result, the MEMS loudspeaker 3 is enveloped in a form-fitting manner by means
of the printed circuit board 2 in the edge region 10 of said MEMS loudspeaker.
That being the case, the MEMS loudspeaker 3 is securely held by means of a

form fit in the third circuit board cavity 25.

The second and fourth circuit board cavities 13, 27 are spaced apart from each
other by means of the third circuit board cavity 25. Furthermore, these cavities are
separated from each other by the MEMS loudspeaker 3, which is integrated into

the third circuit board cavity 25.

In the exemplary embodiment shown in Figure 3, the fourth circuit board cavity 27
is formed in a manner analogous to the first, second and third circuit board
cavities 11, 13, 25 by means of at least one layer 23 of the printed circuit board 2,
which has a correspondingly wide recess 24 for forming the fourth circuit board
cavity 27. Of course, in the context of the foregoing description, it is also possible
to arrange several layers 23 having corresponding recesses 24 one on top of the
other, in order to form the fourth circuit board cavity 27.
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According to the exemplary embodiment of the loudspeaker array 1 shown in
Figures 1, 2 and 3, the MEMS loudspeaker 3 is oriented with respect to the
printed circuit board 2 in such a way that the substrate cavity 6 and the second
circuit board cavity 13 together form the cavity 15 of the MEMS loudspeaker 3.
For this purpose the second substrate opening 8 is oriented toward the second
circuit board cavity 13. As an alternative, however, the MEMS loudspeaker 3 may
also be disposed in the printed circuit board 2 in such a way that it is rotated by
180°. According to the exemplary embodiment shown in Figure 4, the MEMS
loudspeaker 3 is oriented with respect to the printed circuit board 2 in such a way
that the substrate cavity 6 forms together with the fourth circuit board cavity 27 the

sound-conducting channel 21.

Another difference in the exemplary embodiment shown in Figure 4 is that the
second pressure equalization channel 16b does not extend from the second
circuit board cavity 13 up to the side face 17b, but rather up to the top side 19 of
the printed circuit board 2. For this purpose the second pressure equalization
channel 16b has a first and second section 28, 29. The first section 28 is
connected to the second circuit board cavity 13. The second section 29 has the
equalization opening 18b on its end. The two sections 28, 29 are inclined with
respect to each other at an angle of 90°. As an alternative, it is also conceivable
that in order to emerge on the top side 19 of the printed circuit board 2, the
pressure equalization channel 16b is designed such that it is curved accordingly.

According to the exemplary embodiment shown in Figure 5, the outlet opening 22
of the sound-conducting channel 21 may also be formed on a side face 17b of the
printed circuit board 2. For this purpose the sound-conducting channel 21 or in
accordance with the present exemplary embodiment, in particular, the fourth

circuit board cavity 27 has a first region 30, which is adjacent to the MEMS
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loudspeaker 3, and a second region 31, which is adjacent to the outlet opening
22. The two regions 30, 31 are inclined with respect to each other in such a way
that the sound, which is emitted upwards by the MEMS loudspeaker 3, is
redirected to the side face 17b of the printed circuit board 2 and exits through the
outlet opening 22 on the side of the printed circuit board 2. However, in an
alternative exemplary embodiment that is not shown here, the sound-conducting
channel 21 may also comprise only the region 31, which extends, according to
Figure 5, horizontally. In this case the sound-conducting channel 21 or, more
specifically, the region 31, which extends at a 90°-angle to the Z axis, would be
immediately adjacent to the MEMS loudspeaker 3. In addition or as an alternative,
the fourth cavity 27 may also be formed in an add-on component 36, which is
separate from the printed circuit board 2. Then this separate add-on component
36 is connected, in particular, glued to the printed circuit board 2. In this case the
add-on component 36 comprises a material that is different from the material of
the printed circuit board 2. Thus, according to Figure 5, the ASIC 4 and the MEMS
loudspeaker are integrated into or, more specifically, embedded in the printed
circuit board 2; and/or the add-on component 36, which is separate from the
printed circuit board 2, comprises at least partially, in the present case completely,
the sound-conducting channel 21, preferably the first and/or second region(s) 30,
31.

Thus, according to the exemplary embodiment shown in Figure 5, the sound-
conducting channel 21 and/or the outlet opening 22 can be formed in the printed
circuit board 2 or, as an alternative, in an add-on component 36 that is separate
from the printed circuit board 2. The sound-conducting channel 21 extends at
least partially at an angle to the Z axis of the MEMS loudspeaker 3, so that the
sound waves, generated by the MEMS loudspeaker 3, are deflected by means of

the sound-conducting channel 21. The outlet opening 22 is arranged on the side
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of the loudspeaker array 1, in particular, on a side face 17b that is inclined by 90°

with respect to the Z axis.

Figure 6 shows the loudspeaker array 1 with an alternative embodiment of the
MEMS loudspeaker 3. In this case the MEMS loudspeaker 3 is designed with a
plurality of sound-generating diaphragm regions 32, only one of which is provided
with a reference numeral for the sake of clarity. Each of these diaphragm regions
32 is assigned its own substrate cavity 6. The substrate cavities 6 are separated
from each other by means of webs 33. According to the exemplary embodiment
shown in Figure 6, all of the substrate cavities 6 open into the common second

circuit board cavity 13.

However, as an alternative, the second circuit board cavity 13 may also have,
according to the exemplary embodiment shown in Figure 7, a plurality of cavity
regions 35. These cavity regions are formed by means of the partition walls 34
that extend into the second circuit board cavity 13. In this case each of the cavity
regions 35 is associated with a substrate cavity 6 of the MEMS loudspeaker 3. As
a result, the partition walls 34 are aligned coaxially with the respective

corresponding web 33.

With the exception of the first exemplary embodiment shown in Figure 1, the
MEMS loudspeaker 3 is totally integrated into the printed circuit board 2 in all of
the other exemplary embodiments. In the case of the variants shown in Figures 3,
4,5, 6 and 7, the MEMS loudspeaker 3 is also encompassed in a form-fitting

manner from above.

The present invention is not limited to the illustrated and described exemplary

embodiments. Modifications within the scope of the patent claims are just as
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possible as a combination of features, even if these features are shown and
described in different embodiments.
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List of Reference Numerals

loudspeaker array

printed circuit board
MEMS loudspeaker

ASIC

carrier substrate

substrate cavity

first substrate opening
second substrate opening
diaphragm

edge region

first circuit board cavity
additional passive components
second circuit board cavity
opening

cavity

pressure equalization channel
side face

equalization opening

top side

protective layer
sound-conducting channel
outlet opening

layer

recess

third circuit board cavity

projection



27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

fourth circuit board cavity
first section

second section

first region

second region
diaphragm region

web

partition wall

cavity region

add-on component
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The invention claimed is:

1. Loudspeaker array comprising:
a printed circuit board in which is defined a first circuit board cavity
and a second circuit board cavity, wherein the first circuit board cavity
is completely closed, the printed circuit board further defining a side
face, the second circuit board defining an opening, the printed circuit
board further defining a third circuit board cavity adjacent to the sec-
ond circuit board cavity;
a MEMS loudspeaker that defines an edge region, the MEMS loud-
speaker including a diaphragm deflectable along a Z axis for generat-
ing sound waves in the audible wavelength range and disposed with
respect to the opening of the second circuit board cavity so that the
second circuit board cavity forms at least a part of a cavity of the
MEMS loudspeaker, which is disposed at least partially in said third
circuit board cavity in such a way that the third circuit board cavity en-
velops the edge region of the MEMS loudspeaker in a form-fitting
manner;
a sound-conducting channel, which is adjacent to the MEMS loud-
speaker and extends at an angle to the Z axis of the MEMS loud-
speaker and which has an acoustic outlet opening arranged on the
side face of the printed circuit board;
and an ASIC, which is disposed in the first circuit board cavity of the
printed circuit board and completely integrated into the printed circuit

board and electrically connected to the MEMS loudspeaker.

2. Loudspeaker array, as in claim 1, wherein the sound-conducting

channel is inclined by 90° with respect to the Z axis.

3. Loudspeaker array, as in claim 1, wherein the Z axis is aligned parallel
to the side face, and the sound-conducting channel is inclined by 90°

with respect to the Z axis.
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Loudspeaker array, as in claim 1, wherein the first and second circuit
board cavities are arranged side by side or one on top of the other

and/or are separated from each other.

Loudspeaker array, as in claim 1, wherein the sound-conducting
channel includes a first region, which is adjacent to the MEMS loud-
speaker, wherein the sound-conducting channel comprises a second
region, which is adjacent to the outlet opening; and said first and sec-
ond regions are inclined with respect to each other at an angle.

Loudspeaker array, as in claim 5, wherein the angle is 90°.

Loudspeaker array, as in claim 1, wherein the MEMS loudspeaker de-
fines a side facing away from the second circuit board cavity and a
side facing toward the second circuit board cavity, wherein the MEMS
loudspeaker is integrated into the printed circuit board in such a way
that the third circuit board cavity envelops in a form-fitting manner the
MEMS loudspeaker in its edge region of its side facing away from the

second circuit board cavity.

Loudspeaker array, as in claim 1, wherein the MEMS loudspeaker de-
fines a side facing away from the second circuit board cavity and a
side facing toward the second circuit board cavity, wherein the MEMS
loudspeaker is integrated into the printed circuit board in such a way
that the third circuit board cavity envelops in a form-fitting manner the
MEMS loudspeaker in its edge region of its side facing toward the

second circuit board cavity.

Loudspeaker array, as in claim 1, wherein the sound-conducting

channel is arranged adjacent to the third circuit board cavity.
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Loudspeaker array, as in claim 1, wherein the printed circuit board de-
fines a fourth circuit board cavity, and the sound-conducting channel is

formed at least partially by the fourth circuit board cavity.

Loudspeaker array, as in claim 1, wherein the printed circuit board de-
fines a fourth circuit board cavity, the sound-conducting channel is ar-
ranged adjacent to the third circuit board cavity and is formed at least

partially by the fourth circuit board cavity.

Loudspeaker array, as in claim 10, wherein the fourth circuit board
cavity defines a funnel shape, wherein the width of the fourth circuit
board cavity becomes larger in at least in regions starting from the
MEMS loudspeaker in the direction of the outlet opening.

Loudspeaker array, as in claim 10, wherein the second circuit board
cavity and the fourth circuit board cavity are spaced apart from one
another by means of the third circuit board cavity.

Loudspeaker array, as in claim 10, wherein the second circuit board
cavity and the fourth circuit board cavity are spaced apart from one

another by means of the MEMS loudspeaker integrated therein.

Loudspeaker array, as in claim 10, wherein the second circuit board
cavity and the fourth circuit board cavity are spaced apart from one
another by means of the third circuit board cavity and by means of the

MEMS loudspeaker integrated therein.

Loudspeaker array, as in claim 10, wherein the printed circuit board is
constructed like a sandwich of several layers, which are connected to
each other and of which at least one layer has a first recess, by means
of which the first circuit board cavity is formed at least partially, and
the printed circuit board has at least one layer defining a second re-
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cess, by means of which at least one of the second, third and fourth

circuit board cavities is formed at least partially.

Loudspeaker array comprising:

a printed circuit board in which is defined a first circuit board cavity
and a second circuit board cavity, the printed circuit board further de-
fining an outer face, the second circuit board cavity defining an open-
ing and the first circuit board cavity being completely closed,;

a MEMS loudspeaker, which has a diaphragm deflectable along a Z
axis for generating sound waves in the audible wavelength range and
disposed with respect to the opening of the second circuit board cavity
so that the second circuit board cavity forms at least a part of a cavity
of the MEMS loudspeaker;

an ASIC, which is disposed in the first circuit board cavity of the print-
ed circuit board and completely integrated into the printed circuit board
and electrically connected to the MEMS loudspeaker; and

wherein the printed circuit board defines at least one pressure equali-
zation channel, which is integrated therein and extends, starting from
the second circuit board cavity, up to the outer face of the printed cir-

cuit board and defines an opening in the outer face.

Loudspeaker array, as in claim 17, wherein the pressure equalization
channel has a first section, which is connected to the second circuit
board cavity, and a second section, which is connected to the equali-
zation opening, and both the first and second sections are inclined

with respect to each other.



