Circuit board module with a continuous recess and a related sound trans-

ducer assembly and a manufacturing method

The present invention relates to a circuit board module for a sound transducer
assembly for generating and/or detecting sound waves in the audible wavelength
spectrum with a circuit board, which features a recess with a first opening, and
with at least a part of a MEMS sound transducer, which is arranged in the area of
the first opening, such that the recess at least partially forms a cavity of the

MEMS sound transducer.

Furthermore, the invention relates to a sound transducer assembly with a circuit
board module, which comprises a circuit board with a recess featuring a first
opening and at least a part of a MEMS sound transducer, whereas such part is
arranged in the area of the first opening, such that the recess at least partially
forms a cavity of the MEMS transducer, and with a membrane module, which fea-
tures a membrane frame connected to the circuit board module and at least one
membrane held by the membrane frame, whereas the membrane in the exten-
sion of the recess is connected to the at least one part of the MEMS sound trans-

ducer.

In addition, the invention relates to a method for manufacturing a sound trans-
ducer assembly with which a membrane module is connected to a circuit board
module, whereas a membrane of the membrane module and an actuator struc-
ture of the circuit board module, both of which are deflectable along a common z-
axis, are positioned between a press stamp and a reference tool and are pressed
between these two, such that the two modules are connected to one another in a

first connection area.

The term "MEMS" stands for microelectromechanical systems. The term "cavity"
is to be understood as an empty space by means of which the sound pressure of

the MEMS transducer can be reinforced.

A micromechanical functional device, in particular loudspeaker device, and a cor-

responding manufacturing method are known from DE 10 2011 084 393 Al. The



functional device comprises a substrate, at least one circuit chip mounted on the
substrate, a wrapping package in which the circuit chip is packaged, a microme-
chanical functional assembly, in particular a loudspeaker assembly, with a multi-
ple number of micromechanical loudspeakers mounted on the wrapping package,
and a covering device mounted above the micromechanical functional assembly,
in particular a loudspeaker assembly, opposite to the wrapping packaging. A ma-
jor disadvantage of such sound transducer assemblies is that their manufacture
is complex and costly. Furthermore, the reject costs are very high, since the
sound transducer assembly can be tested only in the fully assembled state and,

as a result, in the event of a defect, the entire device is rejected.

Thus, the task of the present invention is to provide a sound transducer assembly
and a manufacturing method for such sound transducer assembly, such that

manufacturing costs and reject costs can be reduced.

The task is solved by a circuit board module with the characteristics of claim 1, a
sound transducer assembly with the characteristics of independent claim 5, and
by a method for manufacturing such a sound transducer assembly with the char-

acteristics of independent claim 9.

A circuit board module for a sound transducer assembly for generating and/or de-
tecting sound waves in the audible wavelength spectrum is proposed. The circuit
board module comprises a circuit board and at least a part of a MEMS sound
transducer. Such part of the MEMS sound transducer may be, for example, a
MEMS actuator - in particular with a substrate and/or an actuator structure - or a
membrane. In a separate production step, such part of the MEMS sound trans-
ducer connected to the circuit board module can be connected to another part of
the MEMS sound transducer to completely form the MEMS sound transducer.

The circuit board features a recess. The recess comprises a first opening. The
part of the MEMS sound transducer is arranged in the area of the first opening. In
this manner, the recess at least partially forms a cavity of the MEMS sound
transducer. The recess features a second opening opposite to the first opening.

As a result, the recess extends completely through the circuit board. Preferably,



the recess extends along a z-axis, in the direction of which a membrane provided

for this purpose is able to oscillate.

Furthermore, the circuit board module in the area of the second opening com-
prises a first housing part, which closes off the cavity. Thereby, the circuit board

module can be formed as a MEMS speaker.

Due to the at least partially integrative design of the cavity in the circuit board, the
proposed circuit board module, in particular in the z-direction, can be formed in a
highly installation space-saving manner, since additional components, in particu-
lar additional housing parts, can be dimensioned smaller, or even completely
spared, for the complete formation of the cavity. Accordingly, the circuit board hol-
low space or the recess, as the case may be, may be closed off in the area of its
second opening by means of a housing part (in particular a plate-shaped housing
part), if the volume of the cavity formed by the recess is sufficient for the individu-
al application. Alternatively, however, to increase the performance of the MEMS
sound transducer, the volume of the recess may be extended by an additional
volume formed in the housing part itself, if a higher sound pressure is required. In
this case, the cavity would be formed at least by the closing housing part and the
recess. As a result, the cavity of the MEMS sound transducer can be quickly, eas-
ily and cost-effectively adapted to the particular application by means of the con-
tinuous recess, without having to change the circuit board. Thus, the circuit board
module can be expanded in a modular design by various additional components,
and can be adapted to different requirements.

An additional advantage of the continuous recess is that the MEMS sound trans-
ducer does not have to be connected as a whole to the circuit board in order to
be able to test the functionality of its electronic components (in particular, a
MEMS actuator and/or an ASIC). Thus, given the continuous recess, parts of the
MEMS sound transducer and/or the sound transducer assembly can also be sub-
sequently attached to the circuit board module. For this purpose, the second
opening constitutes a mounting opening, through which a mounting tool can be

inserted.



Accordingly, for example, only the MEMS actuator - without the membrane - may
be connected as part of the MEMS sound transducer to the circuit board or to the
ASIC preferably embedded therein, as the case may be. Subsequently, the func-
tionality of such unit or such module, as the case may be, can be tested. If this
unit is defective, only the components covered by this unit must be disposed of.
The other components of the sound transducer assembly, in particular the mem-
brane, the membrane support and/or additional housing parts, can be spared,

whereby reject costs are reduced.

However, if the functional test yields a positive result, the circuit board module
may be connected to the other components of the MEMS transducer in a subse-
guent connection procedure. For this purpose, a reference tool is introduced into
the recess through the second opening of the recess. Thereby, the reference tool
is positioned within the recess in such a manner that it holds in position the de-
flectable and/or movable components of the MEMS sound transducer, in particu-
lar the actuator structure and/or the membrane, such that they are not damaged
upon pressing from both sides. The reference tool thus acts as a counter-stop.
Thus, the second opening is preferably formed as a mounting feed opening for

the reference tool.

It is advantageous if the first housing part is flush with the second opening of the
recess. Thereby, the cavity ends at the second opening. Thereby, the circuit
board module can be formed to be highly compact. Alternatively, however, it is
also advantageous if the first housing part features a housing hollow space,
which partially forms the cavity. Thereby, the cavity can be extended by the first

housing part in addition to the recess with the housing hollow space.

It is advantageous if the circuit board is formed as a frame (in particular, a circum-
ferentially closed frame). It is also advantageous if the circuit board is constructed
from several layers. Through a layered structure of the circuit board, electronic
components can be easily and cost-effectively integrated or embedded, as the

case may be, in the circuit board.



In addition or alternatively, it is advantageous if an ASIC is embedded in the cir-
cuit board, in particular in its edge area formed as a frame. Passive additional
components are advantageously embedded, alternatively or in addition, in the
edge area of the circuit board. The frame thereby encloses circumferentially the
recess of the circuit board, such that the first opening and the second opening
are formed axially relative to the frame. The construction volume of the circuit
board can be used as efficiently as possible if the electronic components, in par-
ticular an ASIC and/or passive additional components, are embedded in the edge
area of the circuit board. Thereby, the circuit board module can be formed to be

highly compact.

Furthermore, it is advantageous if that part of the MEMS sound transducer that is
connected to the circuit board in the area of the first opening is a MEMS actuator.
The MEMS actuator preferably comprises a substrate frame, an actuator struc-
ture and/or a coupling element. Thereby, the substrate frame preferably features
a substrate recess. The actuator structure is fastened in particular to the side of
the substrate frame turned towards the circuit board. The actuator structure,
which preferably comprises at least one cantilever, can be deflected relative to
the substrate frame along a z-axis. The actuator structure is preferably formed
from at least one piezoelectric layer. The coupling element is arranged in particu-
lar in the substrate recess and/or is attached to the actuator structure, in particu-
lar at its free end. The substrate frame is preferably made of silicon. If the sound
transducer assembly functions as a loudspeaker, the actuator structure can be
excited by means of the embedded ASIC in such a manner that a membrane for
generating sound energy is set in oscillation by the MEMS actuator. If the sound
transducer assembly functions as a microphone, the oscillations are converted

into electrical signals by the actuator structure.

It is also advantageous if the width of the recess of the circuit board is less than
or equal to the width of the substrate recess. Thereby, the MEMS loudspeaker
can be carried by the circuit board, in particular by its edge area formed as a
frame. Given the advantageous embodiment, the MEMS actuator can be con-

nected (in particular, glued) to the circuit board in a cost-effective manner. Fur-



thermore, the sound transducer assembly thereby can be formed to be compact,

since the outer width of the circuit board can be reduced.

There is an additional advantage if the MEMS actuator is arranged in the direc-
tion of the z-axis immediately adjacent to the circuit board. Thereby, the height of

the circuit board assembly can be reduced.

The MEMS actuator works together with the membrane provided for this purpose.
The actuator structure converts electrical signals into acoustically perceptible
sound waves. In order to increase the amplitude of the sound waves, it is there-
fore advantageous if the MEMS actuator is strongly deflectable in the direction of
the z-axis. This can be facilitated if the MEMS actuator is spaced in the direction
of the z-axis by means of a spacer from the circuit board. The spacer is prefera-
bly formed as an electrical contact, which connects in particular the ASIC to the

actuator structure.

A sound transducer assembly for generating and/or detecting sound waves in the
audible wavelength spectrum with a circuit board module and a membrane mod-
ule is also proposed. The circuit board module features a circuit board. The circuit
board comprises a recess and at least a part of a MEMS sound transducer, in
particular a MEMS actuator. The recess features a first opening.. The part of the
MEMS sound transducer is arranged in the area of the first opening, such that the
recess at least partially forms a cavity of the MEMS sound transducer. The mem-
brane module features a membrane frame and at least one membrane held by
the membrane frame. The membrane frame is connected to the circuit board
module. The membrane is connected in the extension of the recess with the at
least one part of the MEMS sound transducer. The circuit board module is formed
in accordance with the preceding description, whereas the specified characteris-

tics can be present individually or in any combination.

The modular structure of the sound transducer assembly makes it possible to,
prior to assembly, test the individual modules, in particular the circuit board mod-
ule and the membrane module, independently of one another for their functionali-

ty. The electrical components, such as an ASIC, a MEMS actuator and/or passive



additional components, can be checked for their functionality and, if necessary,
sorted out in the event of a defect. Advantageously, the sound transducer assem-
bly in accordance with the invention enables the early identification of faulty mod-
ules. The number of defective transducer assemblies can be reduced in this
manner, by which costs are spared. Likewise, given the continuous circuit board
recess, a manufacturing method, with which the sensitive components of the
MEMS sound transducer, namely in particular the actuator structure and/or the
membrane, are not damaged, can be selected. In the recess, which extends from
the second opening to the first opening, a reference tool can thus be introduced
through the second opening, which can be positioned in the area of the flexible
actuator structure. To connect the MEMS actuator with the membrane, they are
pressed together. Thereby, the actuator structure and/or the membrane can be
held in position by the reference tool, such that they are not deflected beyond
their maximum permissible deflection range. Thus, damage to the actuator struc-

ture and/or the membrane can be avoided upon gluing and/or pressing.

Furthermore, it is advantageous if the membrane is connected to an actuator
structure of a MEMS actuator in an inner first connection area, in particular indi-
rectly (i.e., through at least one element arranged in between, in particular a cou-
pling element). Through the actuator structure, a lifting movement can be gener-

ated, by means of which the membrane is deflected.

It is particularly advantageous if the first connection area is formed between a
coupling element of the MEMS actuator arranged on the actuator structure and
the membrane, in particular a reinforcing element of the membrane. Through the
reinforcing element, the sensitive membrane is protected from damages caused
by excessive movement of the membrane due to excessive sound pressure or

external vibrations or shock.

It is likewise advantageous if, in an outer second connection area, the membrane
frame is connected indirectly and/or directly to the circuit board. Thus, the mem-
brane module is connected to the first connection area formed between the
membrane and the coupling element, and to the circuit board module by means

of the second connection area formed between the membrane frame and the cir-



cuit board. The circuit board formed as a frame, in particular its front side turned
towards the membrane module, thereby serves as a circumferential receiving
surface for the membrane frame, such that a stable and secure connection can

be established.

Likewise, there are advantages if the sound transducer assembly, in particular the
circuit board module, features a first housing part that closes off the cavity. In this
connection, it is advantageous if the first housing part partially forms the cavity.
Thus, it is possible to customize the sound transducer assembly in accordance
with the requirements. The sound pressure and thus the tone that can be gener-
ated by a sound transducer assembly is decisively determined by the cavity. In
order to improve performance, the cavity can be enlarged as needed by the first
housing part. With very limited installation space, it is advantageous if the cavity
ends at the second opening. Thereby, the second opening is preferably closed off
by means of the first housing part, such that the size of the cavity from the first
opening, starting in the direction of the second opening, is defined solely by the
recess. In this case, the first housing part is preferably formed to be flat and/or

plate-shaped.

It is advantageous if the first housing part is arranged (in particular glued thereto)
on the side of the circuit board turned away from the MEMS sound transducer.
Furthermore, it is advantageous if the first housing part preferably encompasses,
in a positive-locking manner, the circuit board, in particular in its edge area. The
recess of the circuit board can be easily and cost-effectively closed off with the

first housing part in the course of the manufacturing process.

In order to be able to avoid an acoustic excitation of the first housing part, it is
preferably made of a material that is stiffer compared to the substrate frame
and/or the circuit board, in particular a metal, a ceramic and/or a composite mate-
rial. It is accordingly advantageous if the substrate frame, the circuit board and/or
the first housing part are formed from materials that are different from one anoth-
er. The substrate frame and/or at least partially the coupling element are prefera-
bly made of silicon. The circuit board may be formed from a plastic and/or a fiber

composite material.



A method for manufacturing a sound transducer assembly is also proposed. The
sound transducer assembly is preferably formed in accordance with the preced-
ing description, whereas the specified characteristics may be present individually
or in any combination. With the proposed manufacturing method, a membrane
module is connected to a circuit board module. The circuit board module is pref-
erably formed in accordance with the preceding description, whereas the speci-
fied characteristics may be present individually or in any combination. With the
manufacturing method, a membrane of the membrane module and an actuator
structure of the circuit board module are positioned between a press stamp and a
reference tool. The two modules, i.e. the membrane module and the circuit board
module, are pressed between the press stamp and the reference tool. Thereby,
the membrane module and the circuit board module are connected (in particular,
glued) to one another in a first connection area, which is formed between the
membrane and the actuator structure. The membrane and the actuator structure

are both deflectable along a common z-axis.

Before the two modules are connected to one another, initially, in particular in a
separate manufacturing step, the circuit board module is produced, whereas the
actuator structure is fastened to a circuit board in the area of a first opening of a
recess. Prior to pressing the two modules, the reference tool is inserted into the
recess. Thereby, the reference tool is introduced through a first opening opposite
to the second opening in the recess, and is positioned within it. The positioning
takes place in such a manner that, upon pressing by the reference tool, the actu-
ator structure and/or the membrane are held in position within a maximum per-
missible deflection range. This deflection range is defined by the membrane and
the actuator structure, and can vary depending on the circumstances. Thereby,
the materials used in the membrane and/or the actuator structure have significant
influence. Through the manufacturing method in accordance with the invention, it
can be ensured that the flexible actuator structure and the sensitive membrane
are not deflected beyond their respective maximum permissible deflection range
in the z-direction, as a result of which they could be damaged. Instead, they are
supported by the reference tool in the z-direction. The reference tool thus acts as

a stop surface, by means of which the actuator structure and the membrane are
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held in position during pressing. This also has an advantageous effect on the
quality of the sound transducer assembly. The costs of the method for manufac-
turing a transducer assembly can also be reduced, since only a few work steps

are necessary and less rejects are produced.

It is advantageous if the reference tool is inserted so far into the recess until it
makes contact with the actuator structure. In this manner, the flexible actuator
structure (which is deflectable in particular in the z-direction) can be kept in its
neutral position, such that damages that would limit the functionality of the sound
transducer cannot occur. Furthermore, the quality of the sound transducer as-

sembly thereby can be improved.

Likewise, it is advantageous if the circuit board module is held in the area of the
actuator structure by the reference tool and/or in the area of the circuit board by a
holding tool. The reference tool and the holding tool can be formed in one piece
or in two pieces. With a two-piece design, it is advantageous if the reference tool
is moved relative to the holding tool for insertion into the recess. Accordingly, the

holding tool is preferably stationary.

It is advantageous if the circuit board module, in particular with its recess, is
placed on the corresponding reference tool and/or is held in position by the hold-
ing tool in a positive-locking manner. It is also advantageous if an adhesive is

subsequently applied in the first and/or second connection area.

It is also advantageous if the holding tool is partially positioned on the side of the

circuit board module turned away from the membrane module, in particular on the
circuit board. Alternatively or in addition, the reference tool is positioned in the ar-
ea of the recess. Thus, in a simple manner and without an expensive special tool,

the circuit board module is provided for the connection to the membrane module.

It is advantageous if a gripper engages the membrane module on a membrane
frame and/or places it on the circuit board module. In addition or alternatively, the
gripper is positioned for connecting in a second connection area on the circuit

board module, in particular in the outer area of the circuit board, and/or is
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pressed with it, in particular in a first and second connection area. In this manner,
the membrane module can be positioned on the provided circuit board module.
Thereby, the membrane frame is preferably positioned on the circuit board
formed as a frame, such that they are pressed together in the second connection
area. At the same time, the membrane is indirectly positioned on the actuator
structure, such that the first connection area is formed. As a result of positioning
using the holding and reference tool on the one hand and the gripper on the oth-
er, the two modules are fixed in such a manner that they can be securely pressed
together. The pressing of the two modules can take place simultaneously or se-
guentially in the two connection areas. In the case of a sequential pressing, it is
preferable to initially press the second connection area, preferably in the course
of the positioning on the circuit board module, and only then the first connection

area.

Furthermore, it is advantageous if the press stamp is displaced in the z-direction

relative to the gripper. After the two modules have been correctly positioned, they
are pressed together by the force exerted by the press stamp. After the pressing

and/or curing of a bonding agent, in particular an adhesive applied in the respec-
tive connection area, the press stamp, the gripper and/or the reference tool can

be removed from the sound transducer assembly.

There is another advantage if the sound transducer assembly is connected to at
least one housing part after pressing and/or connecting the two modules. There-
by, the circuit board and/or the membrane frame may form a part of the outer
housing. Through the housing, the sensitive components of the sound transducer

assembly are protected from external influences.

It is advantageous if, after connecting the two modules, the second opening of
the recess is closed off with a first housing part. For this purpose, the first housing
part is preferably glued to the circuit board at a front side turned away from the

membrane module.

Further advantages of the invention are described in the following embodiments.

The following is shown:



Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7
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a circuit board module in a sectional view,

a membrane module in a sectional view,

a method for connecting the circuit board module to the membrane
module for forming a sound transducer assembly in a connection

press,

a sectional view of the sound transducer assembly manufactured in

accordance with the connection press illustrated in Figure 3,

a second embodiment of the sound transducer assembly in a per-

spective view,

a third embodiment of the sound transducer assembly in a perspec-

tive view and

a fourth embodiment of the sound transducer assembly in a per-

spective view.

In the following description of the figures, in order to define the relationships be-

tween the various elements,with reference to the locations of objects shown in

the figures, relative terms, such as above, below, up, down, over, under, left,

right, vertical and horizontal are used. It it self-evident that such a term may

change in the event of a deviation from the location of a device and/or element

shown in the figures. Accordingly, for example, in the case of an orientation of a

device and/or an element shown inverted with reference to the figures, a charac-

teristic that has been specified as "above" in the following description of the fig-

ures would now be arranged "below.” Thus, the relative terms are used solely for

a more simple description of the relative relationships between the individual de-

vices and/or elements described below.
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Figure 1 shows a circuit board module 2 in a sectional view. The circuit board
module 2 essentially comprises a circuit board 4 formed as a frame and a part of
a MEMS sound transducer 5 (see Figure 4). In accordance with the present em-
bodiment, this part of the MEMS sound transducer 5 is a MEMS actuator 16. The
circuit board 4 features a recess 6 with a first opening 7 turned towards the
MEMS actuator 16 and a second opening 8 opposite to the first opening 7. Thus,
the recess 6 extends completely through the circuit board 4. It is accordingly a
through-hole. The circuit board 4 comprises an ASIC 12 and/or passive additional
components 13, which are completely integrated in the circuit board 4. For this
purpose, the circuit board 4 is constructed in layers. The circuit board is formed
as a circumferentially closed frame, whereas the ASIC 12 and/or the passive ad-
ditional components 13 are embedded in the frame or edge area, as the case

may be.

The MEMS actuator 16 essentially comprises an actuator structure 19, a sub-
strate frame 17 and a coupling element 20. The substrate frame 17 features a
substrate recess 18. The coupling element 20 is arranged in the central area of
the substrate recess 18. The coupling element 20 is connected to the substrate
frame 17 through the (in particular, piezoelectric) actuator structure 19. The cou-
pling element 20 and the substrate frame 17 are made of a silicon substrate and
feature the same thickness. The actuator structure 19 is arranged on the side of
the substrate frame 17 turned towards the circuit board 4. The MEMS actuator
16, in particular the actuator structure 19, is electrically connected to the circuit
board 4, in particular the ASIC 12 and/or the at least one passive additional com-

ponent 13.

The actuator structure 19 is arranged in the area of the recess 6, in particular the
first opening 7. In the present case, the recess 6 is just as wide as the substrate
recess 18. The MEMS actuator 16 is connected to the circuit board 4 in the area
of the substrate frame 17. The actuator structure 19 can oscillate in the z-
direction relative to the substrate frame 17 and the circuit board 4. Thereby, the
coupling element 20 is deflected along the z-axis from the neutral position illus-

trated here. The recess 6 or the circuit board hollow space, as the case may be,
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at least partially forms a cavity 9 of the MEMS sound transducer 5, which is com-

pletely illustrated in Figure 4.

The circuit board module 2 illustrated in Figure 1 features a first connection area
23. This is formed on a side of the coupling element 20 turned away from the ac-
tuator 19. Furthermore, the circuit board module 2 features a second connection
area 24. This is formed on a front side of the circuit board 4 turned towards the
MEMS actuator 16. In the first and second connection area 23, 24, the circuit
board module 2 illustrated in Figure 1 can be connected to a membrane module 3

illustrated in Figure 2.

Figure 2 shows the membrane module 3 in a sectional view, which is provided for
the connection to the circuit board module 2 illustrated in Figure 1. The mem-
brane module 3 comprises a membrane 10. This is accommodated in its edge
area in the z-direction in a membrane frame 11 in a oscillating manner. Further-
more, the membrane module 3 comprises a reinforcing element 22 for reinforcing
the membrane 10. The reinforcing element 22 is arranged on an underside of the
membrane 10. The membrane 10, which is made of rubber, for example, is firmly
connected to the membrane frame 11 in its edge area. An elastic area of the
membrane 10 is formed between the edge area and the reinforcing element 22.
This preferably features a curvature. The reinforcing element 22 itself is not con-
nected to the membrane frame 11 and thus can oscillate in the z-direction relative
to it. Thus, the membrane 10 spans the membrane frame 11 and is stiffened in its

central area.

In accordance with Figure 2, the first connection area 23 of the membrane mod-
ule 3 is formed on the membrane 10 in a middle area. In the present case, the
first connection area 23 is formed directly on the reinforcing element 22. In this
area, the coupling element 20 illustrated in Figure 1 is connected to the reinforc-

ing element 22 or indirectly to the membrane 10, as the case may be.

The second connection area 24 of the membrane module 3 is arranged on the

front side of the membrane frame 11 in accordance with Figure 2. Both connec-
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tion areas 23, 24 are accordingly oriented towards the same side on the front

side.

Figure 3 shows a connection press 40 by means of which the circuit board mod-
ule 2 illustrated in Figure 1 can be connected to the membrane module 3 illus-
trated in Figure 2, in order to produce a sound transducer assembly 1 illustrated
in Figure 4. Thereby, the pre-mounted circuit board module 2 is held in position
by a holding tool 27. The holding tool 27 makes contact with the the circuit board
4, in particular on the side opposite to the MEMS sound transducer 5. It is also
conceivable that the holding tool 27 encompasses, in a positive-locking manner,
the circuit board 4, such that any lateral movement of the circuit board module 2
is not possible. The holding tool 27 features a tool recess 30, which, after the po-
sitioning of the holding tool 27, is arranged in the area adjacent to the recess 6.
Thereby, the tool recess 30 forms an extension of the recess 6. The width of the

tool recess 30 is greater than, equal to or less the width of the recess 6.

The connection press 40 also includes a reference tool 26. This is narrower than
the tool recess 30, such that the reference tool 26 can be inserted in and taken
out from the tool recess 30. The reference tool 26 is accordingly axially displace-
able along the z-axis relative to the holding tool 27. The reference tool 26 is in-
serted into the recess 6 of the circuit board 4 prior to being pressed. In accord-
ance with the present embodiment, the reference tool 26 is inserted into the re-
cess 6 until it makes contact with a support surface 41 (in particular, a flat support
surface) in the area of the first opening 7 on the MEMS sound transducer 5, in
particular on the actuator structure 19 and/or the coupling element 20. Thereby,
the axially flexible and/or movable parts of the MEMS sound transducer 5, name-
ly in particular the actuator structure 19, the membrane 10 and/or the coupling
element 20 coupling such two elements, are held in position. So that, upon press-
ing, the actuator structure 19 and the membrane 10 are not damaged due to ex-
cessive deflection, the reference tool 26 does not necessarily make contact with
the actuator structure 19 in the illustrated neutral position. It may also be spaced
from this within the maximum allowable deflection range of the actuator structure
19 and/or the membrane 10. In this case, the actuator structure 19 would thus

make contact with the support surface 41 only during pressing. In order to be
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able to position the reference tool 26 reliably in the desired support position, the
reference tool 26 features an axial stop 36. With this, the reference tool 26 touch-

es the holding tool 27 in its supporting end position illustrated in Figure 3.

The connection press 40 further comprises a gripper 28. The gripper 28 engages
the membrane module 3 on its membrane frame 11, in particular on the side of
the membrane module 3 featuring the membrane 10, in order to align and posi-
tion it on the circuit board module 2. The gripper 28 features a gripper recess 31,
which is located above the central area of the membrane 10 after the gripping of
the membrane module 3, and spaces the gripper 28 from the membrane 10 in the

deflectable membrane area.

The two modules 2, 3 are positioned relative to one another by means of the
gripper 28 in such a manner that the two modules 2, 3 lie against one another in
the first connection area 23 and the second connection area 24. In the first con-
nection area 23, the two parts that can be deflected in the z-direction - namely
the membrane 10 and the actuator structure 19 - of the MEMS sound transducer
5 are connected to one another. In the illustrated embodiment, the first connec-
tion area 23 is formed between the reinforcing element 22 of the membrane
module 3 and the coupling element 20 of the circuit board module 2. However, it
is also conceivable that the membrane 10 is connected directly to the coupling
element 20. Thereby, the coupling element 20 may also be formed in multiple
parts. In any case, the circuit board module 2 and the membrane module 3 are
connected to one another in the first connection area 23, in such a manner that
the membrane 10 can be deflected in the z-direction by means of the actuator

structure 19 in order to generate sound waves.

In the second connection area 24, the two carrier parts, by means of which the
actuator structure 19 or the membrane 10, as the case may be, are accommo-
dated in an oscillating manner - namely, in the present case, the circuit board 4
and the membrane frame 11 - of the MEMS sound transducer 5 are connected to
one another. Accordingly, in the illustrated embodiment, the frame-like extending
second connection area 24 is formed between the membrane frame 11, in partic-

ular on its side turned away from the gripper 28, and the outer area of the circuit
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board 4. Alternatively or in addition, however, the membrane frame 11 could also
be fastened to the substrate frame 17 and/or another carrier part of the circuit
board module 2. On both modules 2, 3, in particular on the abutting surfaces of
the connection areas 23, 24, an adhesive is applied prior to the connection.

After the two modules 2, 3 are arranged together and aligned relative to one an-
other, they are pressed together. After the two modules 2, 3 are arranged togeth-
er and aligned relative to one another, they are pressed together. For pressing
the two modules 2, 3 in the first connection area 23, the connection press 40 fea-
tures a press stamp 25. This is preferably a component of the gripper 28 and/or is
displaceable relative to in in the axial direction. For pressing the two modules 2, 3
in the first connection area 23, the press stamp 25 is carried out by the gripper
recess 31 until it makes contact with the membrane 10. The press stamp 25 then
compresses the two modules 2, 3 in the first connection area 23. Thereby, the
reference tool 26 or its support surface 41 acts as a counter-holder and/or holds
the actuator structure 19 and the membrane 10 in position, in particular in its illus-
trated neutral position. After the pressing and/or curing of the adhesive, the
pressing die 25, the gripper 28 and/or the reference tool 26 are moved back

again.

Figure 4 shows a first embodiment of the sound transducer assembly 1 produced
according to the described method. In accordance with the method described
above, the sound transducer assembly 1 is produced from the circuit board mod-
ule 2 illustrated in Figure 1 and the membrane module 3 illustrated in Figure 2.
The sound transducer assembly 1 features a housing 29. In accordance with the
present embodiment, this is partially formed from the membrane frame 11 and the
circuit board 4. Furthermore, the sound transducer assembly 1 comprises a first
housing part 14. This is fastened to the sound transducer assembly 1 after the
two modules 2, 3 have been pressed together. The first housing part 14 closes off
the recess 6 on the sides of the second opening 8. For this purpose, this is ar-
ranged (in particular, glued flush with it) on the side of the circuit board 4 turned
away from the MEMS sound transducer 5. As a result, a closed cavity 9 is
formed. In the present case, the first housing part 14 is formed to be plate-

shaped, and rests flush with the second opening 8. As a result, the cavity 9 in the
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area of the circuit board 4 and on the side of the circuit board turned away from
the MEMS actuator 16 is formed exclusively by the recess 6. The first housing
part 14, the substrate frame 17 and/or the circuit board 4 are preferably made

from materials that are different from one another.

In Figures 5 to 7, additional embodiments of the sound transducer assembly 1
are illustrated, whereas, in each case, differences with respect to the first embod-
iment, as already described, are essentially addressed. Thus, with the following
description, the additional embodiments for the same characteristics use the
same reference signs. To the extent that these are not explained once again in
detail, their design and mode of action correspond to the characteristics de-
scribed above. The differences described below can be combined with the char-

acteristics of the respective preceding and subsequent embodiments.

Figure 5 shows a second embodiment of the sound transducer assembly 1 in a
perspective view. Thereby, the housing 29 is likewise formed by the membrane
frame 11, the circuit board 4 and the first housing part 14. In addition, however,
the housing 29 comprises a second housing part 15. The second housing part 15
is arranged on the side of the MEMS sound transducer 5 turned away from the
circuit board 4. Thus, the membrane 10 is glued between the membrane frame 11
and the second housing part 15. The second housing part 15 features a sound
outlet opening 32. Through this, the sound waves, which arise as a result of the
excitation of the membrane 10 by the actuator structure 19, emerge from the
housing 29. In accordance with the present embodiment, the sound outlet open-
ing 32 is arranged above the central area of the membrane 10. The second hous-
ing part 15 protects the elastic area of the membrane 10, which is not reinforced

by the reinforcing element 22.

The first housing part 14 is fastened to the front side of the circuit board 4. In an
embodiment not illustrated here, the first housing part 14 encompasses, in a posi-
tive-locking manner, the circuit board 4, but also in its outer edge area. In contrast
to the embodiment illustrated in Figure 4, the first housing part 14 features a

housing hollow space 33. This forms the cavity 9 in addition to the recess 6.
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Figure 6 shows a third embodiment of the sound transducer assembly 1. There-
by, the first housing part 14 likewise forms part of the cavity 9 of the MEMS sound
transducer 5 by means of the housing hollow space 33. The housing hollow
space 33 directly adjoins the recess 6 of the circuit board 4 in the area of the

second opening 8.

In the present case, the second housing part 15 partially forms a sound-
conducting channel 34. An additional part of the sound-conducting channel 34 is
formed by a third housing part 35. Thereby, the sound outlet opening 32 is formed
on the third housing part 35. The third housing part 35 is attached on the side at
the first and second housing parts 14, 15. Accordingly, the generated sound
waves are guided from the membrane 10, starting through the sound-conducting
channel formed in the second and third housing part 15, 35, to the sound outlet
opening 32, and through this out of the housing 29 of the sound transducer as-

sembly 1.

In accordance with the embodiment illustrated in Figure 6, the recess 6 is formed
to be narrower than the substrate recess 18. In order to be able to avoid the limi-
tation of the maximum deflectability of the actuator structure 19 in the z-direction,
the actuator structure 19 is spaced from the first opening 7 or from the circuit
board 4, as the case may be. For this purpose, the sound transducer assembly 1
features a spacer 21. The spacer 21 is preferably formed as an electrical contact.
It electrically connects the ASIC 12 to the actuator structure 19 of the MEMS
sound transducer 5. The spacer 21 is arranged between the circuit board 4 and
the MEMS actuator 16, in particular its actuator structure 19. In this manner, the
MEMS actuator 16 is spaced from the circuit board 4 in the z-direction, and thus

does not abut the circuit board 4 upon its deflection.

Figure 7 shows a fourth embodiment of the sound transducer assembly 1. Here-
in, the cavity 9 of the MEMS sound transducer 5 is formed by the recess 6 of the
circuit board 4, the housing hollow space 33 and an additional volume 38. The

additional volume 38 and the housing hollow space 33 are connected to one an-
other through a connecting channel 37. The housing of the additional volume 38

is formed by a first and a second housing part 14, 15.
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This invention is not limited to the illustrated and described embodiments. Varia-
tions within the scope of the claims, just as the combination of characteristics, are
possible, even if they are illustrated and described in different embodiments.
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List of Reference Signs

Sound transducer assembly
Circuit board module
Membrane module
Circuit board

MEMS sound transducer
Recess

First opening

Second opening

Cavity

Membrane

Membrane frame

ASIC

Passive additional components
First housing part
Second housing part
MEMS actuator
Substrate frame
Substrate recess
Actuator structure
Coupling element
Spacer

Reinforcing element
First connecting area
Second connecting area
Press stamp

Reference tool

Holding tool

Gripper

Housing

Tool recess

Gripper recess



32
33
34
35
36
37
38
39
40
41

Sound outlet opening
Housing hollow space
Sound-conducting channel
Third housing part

Axial stop

Connecting channel
Additional volume

Volume housing
Connection press

Support surface
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Claims

Circuit board module (2) for a sound transducer assembly (1) for generat-
ing and/or detecting sound waves in the audible wavelength spectrum,
with

a circuit board (4), which features a recess (6) with a first opening (7), and
at least a part of a MEMS sound transducer (5), which is arranged in the
area of the first opening (7), such that the recess (6) at least partially forms
a cavity (9) of the MEMS sound transducer (5),

characterized in that

the recess (6) features a second opening (8) opposite to the first opening
(7), such that the recess (6) extends completely through the circuit board
(4) and

the circuit board module (2) in the area of the second opening (8) com-

prises a first housing part (14), which closes off the cavity (9).

Circuit board module according to the preceding claim, characterized in
that the first housing part (14) is flush with the second opening (8) of the
recess (6), or features a housing hollow space (33), which partially forms
the cavity (9).

Circuit board module according to one or more of the preceding claims,
characterized in that the circuit board (4) is formed as a frame, is con-
structed from several layers and/or is embedded with an ASIC (12) and/or
passive additional components (13), in particular in its edge area formed

as a frame.

Circuit board module according to one or more of the preceding claims,
characterized in that the part of the MEMS sound transducer (5) is a
MEMS actuator (16), which preferably comprises a substrate frame (17)
with a substrate recess (18) or an actuator structure (19), which is fas-
tened in particular to the side of the substrate frame (17) turned towards

the circuit board (4) and/or is deflectable relative to it along a z-axis, and/or
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a coupling element (20), which is arranged in particular in the substrate re-

cess (18) and/or is fastened to the actuator structure (19).

Circuit board module according to one or more of the preceding claims,
characterized in that the MEMS actuator (16) is arranged in the direction of
the z-axis immediately adjacent to the circuit board (4) or by means of
which a spacer (21), which is preferably formed as an electrical contact, is

spaced from the circuit board (4).

Sound transducer assembly (1) for generating and/or detecting sound
waves in the audible wavelength spectrum, with

a circuit board module (2) which comprises

a circuit board (4) with a recess (6) featuring a first opening (7) and

at least a part of a MEMS acoustic transducer (5),

whereas such part is arranged in the area of the first opening (7), such that
the recess (6) at least partially forms a cavity (9) of the MEMS transducer
(5), and

with a membrane module (3),

which features a membrane frame (11) connected to the circuit board
module (2), and

and at least one membrane (10) held by the membrane frame (11),
whereas the membrane (10) in the extension of the recess (6) is connect-
ed to the at least one part of the MEMS acoustic transducer (5),
characterized in that

the circuit board module (2) is formed according to one or more of the pre-

vious claims.

Sound transducer assembly according to the preceding claim, character-
ized in that the membrane (10) is connected to an actuator structure (19)
of a MEMS actuator (16) in an inner first connection area, in particular indi-
rectly, whereas the first connection area (23) is preferably formed between
a coupling element (20) of the MEMS actuator (16) arranged on the actua-
tor structure (19) and the membrane (10), in particular a reinforcing ele-
ment (22) of the membrane (10).
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Sound transducer assembly according to the preceding claim, character-
ized in that, in an outer second connection area (24), the membrane frame

(11) is connected indirectly and/or directly to the circuit board (4).

Method for manufacturing a sound transducer assembly (1), in particular
according to one or more of the preceding claims,

with which, a membrane module (3) is connected to a circuit board module
(2),

whereas a membrane (10) of the membrane module (3) and an actuator
structure (19) of the circuit board module (2), both of which are deflectable
along a common z-axis, are positioned between a press stamp (25) and a
reference tool (26) and are pressed between these two, such that the two
modules (2, 3) are connected to one another in a first connection area
(23),

characterized in that

upon the manufacturing of the circuit board module (2), the actuator struc-
ture (19) is fastened to a circuit board (4) in the area of a first opening (7)
of a recess (6) and

that, prior to pressing the two modules (2, 3), the reference tool (26) is in-
serted into the recess (6) through the second opening (8) opposite to the
first opening (7) and

is positioned within this in such a manner that the actuator structure (19)
and/or the membrane (10) is held in position upon pressing by the refer-
ence tool (26).

Method according to the preceding claim, characterized in that the refer-
ence tool (26) is inserted so far into the recess (6) until it makes contact
with the actuator structure (19).

Method according to one or more of the preceding claims, characterized in
that the circuit board module (2) is held in the area of the actuator struc-
ture (19) by the reference tool (26) and/or in the area of the circuit board
(4) by a holding tool, whereas the reference tool (26) is preferably moved

relative to the holding tool (27).



12.

13.

14.

15.

26

Method according to one or more of the preceding claims, characterized in
that the holding tool (27) is partially positioned on the side of the circuit
board module (2) turned away from the membrane module (3), in particu-
lar on the circuit board (4), and/or the reference tool (26) is positioned in

the area of the recess (6).

Method according to one or more of the preceding claims, characterized in
that a gripper (28) engages the membrane module (3) on a membrane
frame (11) and/or is positioned for connecting in a second connection area
(24) on the circuit board module (2), in particular in the outer area of the
circuit board (4), and/or is pressed with it,

Method according to one or more of the preceding claims, characterized in
that, for the pressing of the first connection area, the press stamp (25) is
displaced relative to the gripper (28) and/or to the reference tool (26).

Method according to one or more of the preceding claims, characterized in
that, after pressing, the sound transducer assembly (1) is connected to a
housing part (14) closing off the cavity (9).



