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MEMS LOUDSPEAKER WITH POSITION SENSOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[00001] This application claims benefit to German Patent Application No.10 2015

114 242.2, filed August 27, 2015, which is incorporated in its entirety by reference

herein.

TECHNICAL FIELD

[00002] The present disclosure relates to a Micro-Electromechanical Systems

(MEMS) loudspeaker to generate sound waves within the audible wavelength spec-

trum. The MEMS loudspeaker has a circuit board, loud speaker, a membrane op-

posite the circuit board that can be deflected along a z-axis, at least one piezoelec-

tric actuator for deflecting the membrane and an electronic control unit fully embed-

ded in the circuit board to control the actuator, for example using an Application-

Specific Integrated Circuit (ASIC).

BACKGROUND

[00003] MEMS systems are built into electronic devices that offer only little instal-

lation space. The performance of known MEMS loudspeakers depends largely on

ideal environmental conditions. Even small shocks or other environmental influ-

ences can have deleterious effects on the system's performance. However, present

requirements for such MEMS loudspeakers demand at least unchanging sound

quality even when exposed to external influences.

[00004] The task of the present disclosure is therefore to provide a MEMS loud-

speaker with improved performance.

SUMMARY

[00005] The task is solved by an MEMS loudspeaker having the characteristics of

the present disclosure.

[00006] An MEMS loudspeaker for generating sound waves within the audible

wavelength spectrum is disclosed. The MEMS loudspeaker has a circuit board, a

membrane, at least one piezoelectric actuator, and one electronic control unit. The
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membrane can be deflected along a z-axis opposite the circuit board. The piezoe-

lectric actuator deflects the membrane. The electronic control unit is fully embed-

ded in the circuit board and controls the actuator, for example using an ASIC. The

MEMS loudspeaker has at least one position sensor. With the position sensor, a

sensor signal dependent on the membrane deflection can be provided to the con-

trol unit, which is designed to control the actuator in a regulated way based in the

control signal.

[00007] To accomplish this, the membrane is deflected relative to the actuator

and/or its position or deflection in z-direction recorded with the position sensor. The

electronic input signal recorded by the position sensor is transmitted to the control

unit, which determines the actual position or membrane's actual deflection via this

input signal. Depending on this recorded actual position of the membrane, the con-

trol unit determines the membrane's desired target position and/or an electronic

output signal dependent on it. The output signal is transmitted to the piezoelectric

actuator, which deflects the membrane accordingly. During and/or at the end of the

deflection movement, the real actual position of the membrane is recorded once

again via the position sensor and, if need be, once more and/or iteratively readjust-

ed or reset according to the preceding description. External influences and aging

effects can be electronically compensated in this way.

[00008] An extreme deflection or a change of resonance frequency, for example

caused by external influences, can be detected early and suppressed with the help

of the position sensor. This lowers the risk of damaging the delicate mechanical

and acoustic components, thereby preventing early wear. Service life is lengthened

and reliability improved because the system can individually react to different influ-

ences. In known systems, for example, high-pass filters are necessary to generate

maximum volume even with lower frequencies so components are not damaged. In

the system according to the disclosure, the signal can be amplified in a way to

compensate for interfering environmental conditions.

[00009] Through the regulated control of the actuator, based on the signal emitted

by the position sensor, the system can diagnose itself. In this case, the functional
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capability of the MEMS loudspeaker, for example of its electromechanical compo-

nents, can be determined without additional measures solely through deviations

from defined standard values. The control unit can record shocks, powering-up

problems or performance losses via of the sensor signal and react to them individ-

ually, for example through a regulated control of the actuator.

[00010] The regulated control of the actuator, resulting from a signal provided by

the position sensor, can advantageously reduce MEMS loudspeaker distortions.

The position sensor determines non-linear vibrations of the piezoelectric actuator

and therefore of the membrane as well, so that the actuator's deflection can be ad-

justed to environmental conditions to minimize harmonic distortion. Additionally, the

MEMS loudspeaker can be adjusted to various environmental conditions such as

external temperatures, pressure, humidity, etc.

[00011] It is advantageous for the control unit, the at least one piezoelectric actua-

tor, and the at least one position sensor to form a closed loop. In this way, condi-

tions caused by external influences (such as maximum deflection or change in res-

onance frequency) can be determined and suppressed, thereby preventing me-

chanical or acoustical components from being damaged. In addition, the functional

capacity of the system's electrical and mechanical components can be easily

checked by designing this closed loop.

[00012] To hinder the deflection as little as possible, it is advantageous if the pie-

zoelectric actuator is executed as cantilever arm. Alternatively or additionally, it is

advantageous if the position sensor is a piezoelectric, piezoresistive and/or capaci-

tive sensor. The actuator structure can be excited in such a way through the control

unit, for example the ASIC, that the membrane is made to vibrate to generate

sound energy. Thereupon, the piezoelectric position sensor records the change of

tension created as a result of the membrane's deflection, which is in turn evaluated

by the control unit. In a piezoresistive position sensor, on the other hand, a change

in the resistance is recorded, from which the control unit can infer the position of

the membrane. A capacitive sensor, on the other hand, encompasses a fixed and a

movable surface likewise deflected as a result of the membrane's excitation. The
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change in the separation of the two surfaces to each other also causes a change in

capacity which is, in turn, recorded by the control unit. Depending on the design of

the MEMS loudspeaker, a sensor ideal for the field of application can thereupon be

selected.

[00013] In an advantageous further development of the disclosure, the position

sensor is at least partially integrated into the actuator, for example the cantilever

arm. In this way, the additional space needed by sensor and connecting elements

can be kept as small as possible, so that only minimal losses of actuator perfor-

mance are to be expected.

[00014] It is likewise also advantageous if the piezoelectric position sensor and

the piezoelectric actuator are formed by a joint piezoelectric layer, which in this

case is made of lead zirconate titanate (PZT). The tension generated by the pie-

zoelectric effect can be transmitted to the control device for evaluation, so that the

membrane's actual position can be easily determined.

[00015] It is advantageous if the joint piezoelectric layer has at least one sensor

area and at least one actuator area. Here, the actuator area is insulated by the

sensor area. Alternatively or additionally, the actuator area has a larger surface

than the sensor area. In this way, different geometries can be designed to control

the various areas and vibration modes as efficiently as possible.

[00016] It is likewise advantageous if the sensor area is arranged between two ac-

tuator areas and extends for example symmetrically and/or in longitudinal direction

of the cantilever arm. Thus, the sensor system's geometry can be easily adapted to

various requirements. This is done for example by having the sensor area separate

the two actuator areas completely from one another. It is also conceivable to exe-

cute several sensor areas and arrange them in each case between two actuator

areas. Alternatively or additionally, the sensor areas and the actuator area have the

same length in the longitudinal direction of the bar to prevent accidental tilting.
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[00017] In an advantageous further development of the disclosure, the piezoelec-

tric position sensor is formed by a first piezoelectric layer. In this case, the use of

the aluminum nitride (AIN) material has proven advantageous owing to its high

thermal conductivity and electrical Insulation capability. Alternatively or additionally,

the piezoelectric actuator is formed by a second piezoelectric layer, in which case

this layer is made for example of PZT. Due to the high energy density, a required

force-path product can be accomplished by a relatively small volume of the piezo-

actuator through PZT piezoceramic actuators. The two piezoelectric layers are

preferably electrically insulated from one another. Alternatively or additionally, the

first and second piezoelectric layers are arranged on top of each another with re-

spect to the z-axis. The position sensor can thus be easily and inexpensively inte-

grated during the course of the manufacturing process, for example layer by layer.

[00018] It is furthermore advantageous if the first piezoelectric layer is subdivided

into several sensor areas. In this case, the sensor areas are separated from one

another so the geometry of the position sensor can be inexpensively adapted to dif-

ferent applications. Alternatively or additionally, the sensor areas are electrically

insulated, and alternatively or additionally, the second piezoelectric layer has one

single actuator area. Alternatively or additionally, the full surface of the actuator ar-

ea extends above the cantilever arm in a top view. The piezoelectric actuator can

be economically and flexibly adapted to different areas and vibration modes.

[00019] Advantageously, three sensor areas are arranged separate from one an-

other in cantilever arm direction. The separation of the sensor areas is equidistant

in this case. By distributing the sensor areas uniformly, it is possible allows to con-

trol a large area and reliably compensate the determined external influences to en-

sure unchanging sound quality. Alternatively or additionally, the sensor areas have

the same length compared with each other. Alternatively or additionally, the sensor

areas have the same length in cantilever arm direction towards the actuator area.

[00020] It is advantageous if the piezoresistive position sensor is formed by at

least one power line. Here, the power line extends preferably from a first to a sec-

ond electrical contact point. The two electrical contacts are preferably arranged in
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the area of the firmly clamped end of the actuator. Advantageously, the power line

has a U-shape design and, alternatively or additionally, it has a first longitudinal

section. The first longitudinal section extends from the first electrical contact start-

ing in cantilever arm direction and into the cantilever arm. Alternatively or addition-

ally, the power line has a transversal section that extends in transversal direction of

the cantilever arm. Alternatively or additionally, the power line has a second longi-

tudinal section that extends, starting from the transversal section, in the longitudinal

direction of the cantilever arm and out of it to the second electrical contact. In this

way, an extremely sensitive bridge circuit can be executed for the precise determi-

nation of resistances or resistance changes. From the determined value, it is possi-

ble to infer the membrane's deflection so the control unit can control it in a regulat-

ed way.

[00021] In an advantageous further development, the power line is executed in a

base layer of the piezoelectric actuator. The power line in the base layer can be

formed by employing an ion implantation process. The base layer is preferably me-

tallic. As a result of this, a conductive layer can be easily and inexpensively creat-

ed. In addition, the actuator's performance is positively influenced because the use

of the piezoresistive position sensor furthermore forms a large actuator layer to ex-

cite the membrane.

[00022] Advantageously, the piezoresistive position sensor has several, for exam-

ple four, power lines that have different electrical resistances compared to one an-

other.

[00023] It is advantageous to execute the control unit as Wheatstone measuring

bridge. To obtain the finest resolution possible in the measurement results, the

power lines can alternatively or additionally also be executed as Wheatstone

measuring bridge. As a result of that, a high useful signal can be provided that does

not cause a hysteresis effect. The quality of the MEMS loudspeaker is therefore fur-

thermore enhanced.
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[00024] It is advantageous for the capacitive position sensor to encompass at

least one recess and an extension movably arranged therein in z-direction. In this

case, one of the two elements is arranged on the cantilever arm that can be de-

flected in z-direction and the other one on a stationary frame. Here, the recess

forms a capacitive distance sensor and the extension an opposite surface movable

to it, arranged on the cantilever arm. By deflecting the cantilever arm, the distance

of the extension to the distance sensor increases, allowing the capacity to be de-

termined in this way. From the determined capacity, the membrane's position

(which depends on the deflection of the actuator's structure) can also be easily de-

termined.

[00025] To manufacture the capacitive position sensor economically, it is advan-

tageous if at least one of the two internal surfaces of the recess is executed as a

measuring electrode. Alternatively or additionally, the extension is executed as a

dielectric or second measuring electrode, so that a capacitive sensor is formed that

interacts with the first measuring electrode. By changing the board distance, the

change in capacity can be determined and evaluated.

[00026] It is advantageous if the control unit is designed in such a way that the

cantilever arm executed as piezoelectric actuator can be used either as actuator or

position sensor. In this case, the cantilever arm is usable one moment as actuator

and another moment as position sensor. The MEMS loudspeaker can therefore be

inexpensively adapted to different conditions.

[00027] Preferably, the position sensor and the actuator are separated from one

another. To hinder the deflection of a stroke structure as little as possible, the posi-

tion sensor and the actuator are executed preferably by two individual cantilever

arms.

[00028] Advantageously, the actuator is connected to the stroke structure of the

MEMS loudspeaker movable in z-direction. Here, the connection takes place for

example by means of a flexible connecting element. Alternatively or additionally,

the position sensor is likewise connected to the stroke structure of the MEMS loud-
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speaker. It is advantageous if the membrane is attached to a front side of the stroke

structure pointing in z-direction. Alternatively or additionally, the actuator and/or po-

sition sensor grasp sideways on the stroke structure. This takes place for example

indirectly through the respective connecting element. The piezoelectric actuator is

executed so it can induce a stroke movement in the stroke structure in order to de-

flect the membrane. By indirectly connecting the position sensor to the stroke struc-

ture, it is possible to reliably infer the membrane's position. In addition, this design

allows the simultaneous transfer of strong forces and deflections to the membrane

via the stroke structure.

[00029] It is advantageous if several actuators and/or position sensors are ar-

ranged symmetrically with regard to the center of gravity of the stroke structure.

This is done for example in pairs and/or opposite it. This arrangement can prevent

accidental tilting of the stroke body caused by an asymmetrical drive.

DESCRIPTION OF THE DRAWINGS

[00030] Further advantages of the disclosure are described in the following fig-

ures:

[00031] Figure 1 is a perspective sectional view of an MEMS loudspeaker, accord-

ing to an embodiment demonstrating certain aspects of the present disclosure,

[00032] Figure 2 is a schematic top view of an embodiment of a piezoelectric ac-

tuator with an integrated position sensor,

[00033] Figure 3 is a schematic top view of a second embodiment of a piezoelec-

tric actuator with an integrated position sensor,

[00034] Figure 4 is a schematic side view of the second embodiment of a piezoe-

lectric actuator with an integrated position sensor,

[00035] Figure 5 is a schematic top view of a third embodiment of a piezoelectric

actuator with a piezoresistive position sensor,
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[00036] Figure 6 is a schematic top view of a fourth embodiment of a piezoelectric

actuator with a capacitive position sensor, and

[00037] Figure 7 an enlarged view of the capacitive position sensor.

DETAILED DESCRIPTION

[00038] So the relationships among the various elements described below can be

defined, relative terms used in the figure description such as above, below, up,

down, over, under, left, right, vertical and horizontal, are used for the position of the

objects in the corresponding figures. It goes without saying that if the position of the

devices and/or elements shown in the figures changes, these terms can change.

Therefore, if the orientation of the devices and/or elements shown with respect to

the figures is inverted, for example, a characteristic in the subsequent figure de-

scription being specified as above can now be arranged below. Consequently, the

relative terms used serve merely to facilitate the description of the relative relation-

ships among the individual devices and/or elements described below.

[00039] Figure 1 shows a first embodiment of an MEMS loudspeaker 1, configured

to generate sound waves within the audible wavelength spectrum. To accomplish

this, the MEMS loudspeaker 1 has a membrane 2 and a membrane carrier 3. In its

edge area 4, the membrane 2 is connected to the membrane carrier 3 and is capa-

ble of vibrating along a z-axis with respect to the membrane carrier 3. In this case,

the z-axis runs essentially perpendicularly to the membrane 2. An amplifying ele-

ment 5 has been arranged on the underside of the membrane 2.

[00040] In addition to the membrane 2, the MEMS loudspeaker 1 has a stroke

structure 6 coupled with the membrane 2, and at least one piezoelectric actuator 7.

The actuator 7 is connected to the stroke structure 6 movable in z-direction via at

least one coupling element 8. The membrane carrier 3 is arranged on a carrier

substrate 9 of the piezoelectric actuator 7. This piezoelectric actuator 7 is arranged

underneath the membrane 2 and/or essentially parallel to it. The piezoelectric actu-

ator 7 is designed to induce a unidirectional or bidirectional stroke movement in the
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stroke structure 6 in order to deflect the membrane 2. It acts together with the

membrane 2 to transform electrical signals to sound waves that can be acoustically

perceived. The piezoelectric actuator 7 is arranged on a side of the carrier sub-

strate 9 that faces away from the membrane 2.

[00041] Furthermore, the MEMS loudspeaker 1 encompasses a circuit board 10,

in which an electronic control unit 11, for example an ASIC, has been fully embed-

ded. In addition to the control unit 11, other passive components 12 – such as elec-

trical resistances and/or I/O contacts – can be embedded in the circuit board 10

and/or arranged on it. The MEMS loudspeaker 1 and for example the piezoelectric

actuator 7 are connected to the control unit 11 with electrical contacts (not shown in

the figures). Therefore, the MEMS loudspeaker 1 can be controlled or operated

through the control unit 11, so that through the piezoelectric actuator 7, the mem-

brane 2 is made to vibrate with respect to the membrane carrier 3, and generate

sound energy. Here, the piezoelectric actuator 7 is executed as cantilever arm 13.

[00042] The MEMS loudspeaker 1 is arranged in a housing 14 that encompasses

an upper housing section 15 and a lower housing section 16. The upper housing

section 15 forms a sound guidance channel 17 with an acoustic inlet/outlet 18, ar-

ranged sideways on an outer surface of the MEMS loudspeaker 1. The housing 14,

in particular, additionally protects the membrane 2, since it serves as environmental

cover.

[00043] The MEMS loudspeaker 1 has at least one position sensor 19, executed

to provide the electronic control unit 11 with a sensor signal that depends on the

membrane deflection. The control unit 11 is executed to control the actuator 7 in a

regulated way based on the sensor signal. For this purpose, the position sensor 19

can be a piezoelectric, a piezoresistive and/or a capacitive sensor. The position

sensor 19 is at least partially integrated into the actuator 7, for example the cantile-

ver arm 13.

[00044] In the embodiment shown, the position sensor 19 and the piezoelectric

actuator 7 are formed by a joint piezoelectric layer 41. The piezoelectric layer is
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made of lead zirconate titanate (PZT). At least one area is a sensor area 20,

through which two actuator areas 21 are arranged separate from one another. The

sensor and actuator areas 20, 21 are electrically insulated from each other. Since

the requirements for sensor systems and actuator systems can differ, a combina-

tion of various piezoelectric materials having different properties is also possible. In

this case, the sensor area 20 can be executed from PZT and the actuator area 21

from aluminum nitride (AIN).

[00045] The sensor area 20 is arranged between the two actuator areas 21 and

extends symmetrically in longitudinal direction of the cantilever arm. The actuator

areas 21 are fully separated from one another by the sensor area 20. Both the sen-

sor area 20 and the actuator area 21 have the same length in longitudinal direction

of the cantilever arm. The surfaces of the two actuator areas 21 are larger than

those of the sensor area 20.

[00046] When the membrane 2 deflects over the actuator 7, its position or deflec-

tion in z-direction is recorded by the position sensor 19. When this occurs, the ten-

sion generated by the piezoelectric effect – which is approximately proportional to

the deflection of the stroke structure 6 – is tapped and evaluated accordingly via

the actuator electrodes. Via this recorded input signal, the control unit 11 deter-

mines the actual position or actual deflection of the membrane 2. While doing so,

the elastic vibration properties of a connecting element 22 are considered. The

connecting element 22 connects a free end of the position sensor 19 with the

stroke structure 6. Depending on this recorded actual position of the membrane 2,

the control unit 11 determines a desired target position of the membrane and/or an

electronic output signal dependent on it. The output signal is transmitted to the ac-

tuator 7, which deflects the membrane 2 accordingly. During and/or at the end of

the deflection movement, the real actual position of the membrane 2 is once again

recorded via the position sensor 19 and, if need be, adjusted again to environmen-

tal conditions in accordance with the preceding description.

[00047] Figure 2 shows a schematic top view of an embodiment of a piezoelectric

actuator 7 with an integrated position sensor 19. Here, the piezoelectric actuator 7
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has two actuator areas 21 separated from one another by the sensor area 20. Both

areas 20, 21 are formed from PZT, but other piezoelectric materials could also be

used. In this context, it could also be conceivable to use a large area for the actua-

tor system and only a small area for the sensor. Here, the sensor area 20 is electri-

cally insulated from the actuator areas 21. To prevent an accidental tilting of the

stroke structure 6 due to an asymmetrical drive, the actuator and sensor areas 21,

20 should be arranged in pairs opposite each another.

[00048] Figures 3 & 4 show a schematic view of a second embodiment of the pie-

zoelectric actuator 7 with position sensor 19. In this case, the piezoelectric position

sensor 19 is formed by a first piezoelectric layer 23, for example made of AIN. The

piezoelectric actuator 7 is formed by a second piezoelectric layer 24, made for ex-

ample of PZT. The two layers are electrically insulated from one another and ar-

ranged on top of each other with respect to the z-axis. The first piezoelectric layer

23 is subdivided into several sensor areas 20. The sensor areas 20 are separated

from one another and/or electrically insulated. In the embodiment shown, three

sensor areas 20 have been created, arranged separate from each other in trans-

versal direction of the cantilever arm. This can be formed for example in an equidis-

tant way. The second piezoelectric layer 24 has an actuator area 21 extending

above the cantilever arm 13. In a top view, the full surface of this actuator area 21

extends at least above the cantilever arm 13. In the longitudinal direction of the

cantilever arm, both actuator areas 21 have the same length, but it is also conceiv-

able for the sensor area 20 not to extend above the entire longitudinal direction of

the cantilever arm, but only over a part of it. In this case, the difference to the length

of the cantilever arm would be formed by another actuator area (not shown).

[00049] As shown in Figure 4, the two piezoelectric layers 23, 24 form a stack

supported by a base layer 25, which is connected to the circuit board 10. In the

embodiment shown, the first piezoelectric layer 23 (which forms the position sensor

19) is arranged above the second piezoelectric layer 24, for example the actuator

7. However, the first piezoelectric layer 23 could also be arranged under the pie-

zoelectric actuator 7.
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[00050] Figure 5 shows a schematic top view of a third embodiment of a piezoe-

lectric actuator 7 with an integrated position sensor 19. In this case, the position

sensor 19 is executed in a piezoresistive way, for example through a power line 26.

The power line 26 is formed by an ion implantation process in the base layer 25 of

the piezoelectric actuator 7. The power line 26 extends from a first electrical contact

27 to a second electrical contact 28. The two electrical contacts 27, 28 are prefera-

bly arranged in the area of the firmly clamped end 29 of the actuator 7. The power

line 26 is U-shaped and has a first longitudinal section 30 and a second longitudinal

section 31. The first longitudinal section 30 extends from the first electrical contact

27 starting in longitudinal direction of the cantilever arm and into the cantilever arm

13. The second longitudinal section 31 extends from a transversal section 32 start-

ing in longitudinal direction of the cantilever arm and out of the cantilever arm 13 to

the second electrical contact 28, in which case the transversal section 32 extends

in transversal direction of the cantilever arm. Four electrical resistances 33 are ex-

ecuted in the way just described. The resistances 33 differ from one another and

are connected to the control unit 11 in such a way that a Wheatstone measuring

bridge is formed.

[00051] The power lines 26, and also the resistances 33, react here to defor-

mations resulting from the pressure change caused by the membrane deflection.

The resistances 33 react to this with a change of resistance, which is recorded and

evaluated by the control unit 11.

[00052] Figures 6 and 7 show a schematic top view and an enlarged view of a

fourth embodiment of a piezoelectric actuator 7 with a capacitive position sensor

19. The capacitive position sensor 19 has several recesses 34, in each of which an

extension 35 has been arranged. Every extension 35 is movable in z-direction. In

the embodiment shown, the recesses 34 are arranged on a frame 36 and the ex-

tensions 35 on the cantilever arm 13. The cantilever arm 13 can also be deflected

in z-direction. On the other hand, the frame 36 is stationary and preferably formed

by the carrier substrate 9. However, it is also possible for the recesses 34 to be

formed in the cantilever arm 13 and the extensions 35 on the frame 36. The recess

34 has two inner surfaces 37, wherein at least one of the inner surfaces 37 is exe-
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cuted as a first measuring electrode 38. The extension 35 is executed either as a

second measuring electrode 39 or as a dielectric. An electrical condenser is exe-

cuted in this way.

[00053] The excitation of the membrane 2 by the actuator 7 causes the extensions

35 on the cantilever arm 13 to deflect as well. The separation of the individual ex-

tensions 35 relative to the corresponding recess 34 becomes greater as a result of

this. Consequently, the separation of the two measuring electrodes 38, 39, or the

distance of the first measuring electrode 38 to the dielectric, becomes greater.

Since the capacity is determined precisely by this separation, the control unit 11

records a change in capacity as a result of the deflection. Depending on this capac-

itive sensor signal, the actuator 7 can be controlled in a regulated way in order to

excite the membrane 2 and adapt it to external influences (regarding this, see also

Figure 1).

[00054] The present disclosure is not restricted to the embodiments shown and

described. Deviations within the framework of the patent claims are just as possible

as a combination of the characteristics, even if they are shown and described in dif-

ferent embodiments.
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List of reference characters

1 MEMS loudspeaker

2 Membrane

3 Membrane carrier

4 Edge area

5 Amplifying element

6 Stroke structure

7 Actuator

8 Coupling element

9 Carrier substrate

10 Circuit board

11 Control unit

12 Passive supplementary components

13 Cantilever arm

14 Housing

15 Upper housing section

16 Lower housing section

17 Sound guidance channel

18 Acoustic inlet/outlet

19 Position sensor

20 Sensor area

21 Actuator area

22 Connecting element

23 First piezoelectric layer

24 Second piezoelectric layer

25 Base layer

26 Power line

27 First electric contact

28 Second electric contact

29 Firmly clamped end

30 First longitudinal section
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31 Second longitudinal section

32 Transversal section

33 Resistances

34 Recess

35 Extension

36 Frame

37 Inner surface

38 First measuring electrode

39 Second measuring electrode

40 ASIC

41 Joint piezoelectric layer
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The invention claimed is:

1. A MEMS loudspeaker for generating sound waves within an audible wavelength

spectrum, the MEMS loudspeaker comprising: a circuit board; a membrane, the membrane

being deflectable along a z-axis; at least one piezoelectric actuator for deflecting the

membrane, the at least one piezoelectric actuator being configured as a cantilever arm; an

electronic control unit embedded in the circuit board for controlling the at least one

piezoelectric actuator; and at least one position sensor for providing to the control unit a

sensor signal dependent on the deflection of the membrane, the at least one position

sensor being a piezoelectric position sensor that is at least partially integrated into the

piezoelectric actuator in the form of a joint piezoelectric layer, the control unit controlling the

piezoelectric actuator in a regulated way based on the sensor signal.

2. A MEMS loudspeaker according to claim 1, wherein the control unit, the at least one

piezoelectric actuator, and the at least one position sensor form a closed loop.

3. A MEMS loudspeaker according to claim 1, wherein the joint piezoelectric layer has at

least one sensor area and at least one actuator area electrically insulated from the at least

one sensor area.

4. A MEMS loudspeaker according to claim 3, wherein the at least one sensor area extends

in longitudinal direction of the cantilever arm, and is arranged between two of the actuator

areas in such a way that the two actuator areas are fully separated from one another by the

sensor area.

5. A MEMS loudspeaker according to claim 4, wherein the piezoelectric position sensor

includes a first piezoelectric layer, and the piezoelectric actuator includes a second

piezoelectric layer, the first and second piezoelectric layers being electrically insulated from

each other.

6. A MEMS loudspeaker according to claim 5, wherein the first piezoelectric layer is

subdivided into at least two sensor areas separated from and electrically insulated from one
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another, and the second piezoelectric layer has a single actuator area that extends fully

over the cantilever arm.

7. A MEMS loudspeaker according to claim 6, wherein the sensor areas are separated from

one another in a transverse direction of the cantilever arm.

8. A MEMS loudspeaker according to claim 7, wherein at least one of the control unit and

the power line includes a Wheatstone measuring bridge.

9. A MEMS loudspeaker according to claim 1, wherein the position sensor is a capacitive

position sensor, and the capacitive position sensor defines at least one recess and an

extension movable therein in the z-axis direction, wherein one of the recess and the

extension is arranged on the cantilever arm which is deflectable in z-axis direction, and the

other of the recess and the extension is arranged on a stationary frame.

10. A MEMS loudspeaker according to claim 9, wherein the recess has two inner surfaces,

and at least one of the two inner surfaces of the recess includes a measuring electrode and

the extension is one of a dielectric or second measuring electrode.

11. A MEMS loudspeaker according to claim 1, wherein the control unit is configured so that

the cantilever arm functions either as the piezoelectric actuator or as the position sensor.

12. A MEMS loudspeaker according to claim 1, wherein the position sensor and the

piezoelectric actuator are separated from one another, wherein the cantilever arm of the

piezoelectric actuator is a first cantilever arm, and wherein the position sensor includes a

second cantilever arm.

13. A MEMS loudspeaker according to claim 1, wherein at least one of the piezoelectric

actuator and the position sensor are connected to a stroke structure of the MEMS

loudspeaker, the stroke structure being movable in a z-axis direction via at least one flexible

connecting element.



19

14. A MEMS loudspeaker for generating sound waves within an audible wavelength

spectrum, the MEMS loudspeaker comprising: a circuit board; a membrane, the membrane

being deflectable along a z-axis; at least one piezoelectric actuator for deflecting the

membrane the at least one piezoelectric actuator being configured as a cantilevered arm;

an electronic control unit embedded in the circuit board for controlling the at least one

piezoelectric actuator; and at least one position sensor for providing to the control unit a

sensor signal dependent on the deflection of the membrane, the control unit controlling the

piezoelectric actuator in a regulated way based on the sensor signal, wherein the at least

one position sensor is a piezoresistive position sensor, and the piezoresistive position

sensor is formed by at least one power line that extends from a first electrical contact to a

second electrical contact, wherein the first and second electrical contacts are arranged in a

firmly clamped end of the piezoelectric actuator.

15. A MEMS loudspeaker according to claim 14, wherein the at least one power line is

configured in a U-shape with a first longitudinal section that extends from the first electrical

contact into the cantilever arm in a longitudinal direction of the cantilever arm, a transverse

section that extends in a transverse direction of the cantilever arm, and a second

longitudinal section that extends from the transverse section in a longitudinal direction of the

cantilever arm out of the cantilever arm to the second electrical contact.

16. A MEMS loudspeaker according to claim 14, wherein the power line includes a metallic

base layer of the piezoelectric actuator.

17. A MEMS loudspeaker according to claim 14, wherein the piezoresistive position sensor

includes a plurality of the power lines, each power line having a respective electrical

resistance that differs from the electrical resistance of the other power lines.

18. A MEMS loudspeaker for generating sound waves within an audible wavelength

spectrum, the MEMS loudspeaker comprising: a circuit board; a membrane, the membrane

being deflectable along a z-axis; at least one piezoelectric actuator for deflecting the

membrane, the at least one piezoelectric actuator being configured as a cantilever arm; an

electronic control unit embedded in the circuit board for controlling the at least one
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piezoelectric actuator; and at least one position sensor for providing to the control unit a

sensor signal dependent on the deflection of the membrane, the at least one position

sensor being a piezoelectric position sensor including a first piezoelectric layer, and the

piezoelectric actuator includes a second piezoelectric layer, the first and second

piezoelectric layers being electrically insulated from each other, the control unit controlling

the piezoelectric actuator in a regulated way based on the sensor signal.

19. A MEMS loudspeaker according to claim 18, wherein the first piezoelectric layer is

subdivided into at least two sensor areas separated from and electrically insulated from one

another, and the second piezoelectric layer has a single actuator area that extends fully

over the cantilever arm.

20. A MEMS loudspeaker according to claim 19, wherein the sensor areas are separated

from one another in a transverse direction of the cantilever arm.


