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Micro- Electromechanical Sound Transducer with 

Sound Enerqv-Reflectinq Interlaver 

The present disclosure relates to a Micro-Electromechanical Systems (MEMS) 

sound transducer to generate sound waves in the audible wavelength spectrum 

with a carrier substrate, a cavity developed in the carrier substrate with at least 

one opening, and a multilayered piezoelectric membrane structure, which spans 

the cavity opening and whose edge area is connected to the carrier substrate so 

that with respect to the carrier substrate, it is capable of vibrating to generate 

sound energy, wherein the membrane structure comprises a first and second 

piezo layer in cross section, at least in some areas. Furthermore, the disclosure 

relates to a chip, especially a silicon chip, to generate sound waves in the 

audible wavelength spectrum with several MEMS sound transducers arranged 

together in array-like fashion and/or separately controlled from one another. 

As noted, the abbreviation "MEMS" stands for micro electro-mechanical 

systems. MEMS sound transducers can be developed as loudspeakers. Sound 

is generated by a MEMS sound transducer membrane mounted in a way so that 

it can vibrate. Piezoelectric actuating elements can make the membrane vibrate 

to generate a sound wave. As a rule, such a micro loudspeaker must generate 

considerable air volume displacement to achieve a significant sound pressure 

level. Such a micro loudspeaker is known, for example, from DE 10 2012 220 

819 Al. 

The task of the present disclosure is to create a MEMS transducer and a chip 

with such a MEMS sound transducer with which the piezoelectric effect can be 

reinforced. 
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The task is carried out by a MEMS sound transducer and a chip having the 

characteristics of the disclosed subject matter. 

According to the disclosure, a MEMS sound transducer is suggested to generate 

sound waves in the audible wavelength spectrum. Therefore, the MEMS sound 

transducer is preferably developed as MEMS loudspeaker (i.e., at least one of a 

loudspeaker). The MEMS sound transducer comprises a carrier substrate with a 

cavity. The cavity has at least one opening, preferably two openings, developed 

with regard to one another especially on two opposite sides of the carrier 

substrate. The carrier substrate is particularly developed as a preferably closed 

frame. Moreover, the MEMS sound transducer comprises a multilayered 

piezoelectric membrane structure. In this case, the membrane structure has 

several layers firmly joined to one another of which at least one layer has 

piezoelectric properties. The membrane structure spans the cavity opening. In 

addition, the edge area of the membrane structure is bonded to the carrier 

substrate so it can be made to vibrate with respect to the carrier substrate, 

especially the frame, to generate sound energy. The membrane structure 

comprises at least in some areas — i.e., in a top view, not necessarily stretching 

over its entire surface — a first and second piezo layer arranged in cross section, 

the latter separated from the former especially in a vertical direction. Seen from 

the side, the second piezo layer is preferably arranged above the first piezo 

layer, so that the second piezo layer is preferably located, with respect to the 

first piezo layer, in the area of the side of the first piezo layer that faces away 

from the carrier substrate. 

An interlayer has been arranged between the two piezo layers. At least one of 

the two piezo layers can be placed tightly against the interlayer or alternately 

may also be separated from the interlayer by several layers. The interlayer is 
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executed in such a way that sound energy (which had previously been reflected 

on a membrane structure interface developed between the membrane structure 

and the adjacent air owing to the acoustic impedance) can once again be 

reflected through the interlayer towards this interface. As a result of this, the 

piezoelectric effect of the membrane structure is reinforced. Consequently, the 

interlayer is executed so it can reflect sound energy and/or reinforce the 

piezoelectric effect of the membrane structure. 

When sound energy is transmitted from a first medium, especially the 

membrane structure, to a second medium, especially the air adjacent to the 

membrane structure, impedance problems occur especially when the acoustic 

impedance of both media differs a great deal. This is the case with the 

membrane structure and the adjoining air. Owing to this, a part of the sound 

energy is reflected once again on the interface of these two media, i.e., on the 

interface between the membrane structure and the air adjacent to it. As a result 

of this, the effectiveness of the membrane structure is reduced when sound is 

generated. For example, to improve sound energy transmission from the 

membrane structure to the air when sound is generated, the interlayer is 

arranged between the two piezo layers, as mentioned above. In this case, the 

acoustic impedance value of the interlayer with respect to at least one of the two 

piezo layers has been chosen in such a way that the sound energy reflected on 

the air interface by the interlayer is reflected back in the direction of the 

interface. As a result of this, higher sound energy can be transmitted to the air 

from the membrane structure. Advantageously, the interlayer and/or at least one 

of the piezo layers has/have a large impedance difference with respect to one 

another. 

It is advantageous if the interlayer has a lower density compared to at least one 

of the piezo layers. As a result of this, the impedance difference between the 
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interface and at least one of the two piezo layers can be advantageously 

enlarged so that more sound energy can be reflected from the interlayer. 

The piezoelectric effect of the membrane structure can be reinforced especially 

when the interlayer is made of silicon oxide, silicon nitride and/or polysilicon. 

Compared to known piezo materials, these materials have a lower density to 

increase the sound energy reflection properties of the interlayer. 

So the largest possible impedance difference between the interlayer and at least 

one of the two piezo layers can be accomplished, it is advantageous if at least 

one of the two piezo layers is made of lead zirconate titanate and/or aluminum 

nitride. 

In an advantageous further aspect, the two piezo layers are in each case 

embedded between a lower and an upper electrode layer. Thus, in the cross-

sectional view, the membrane structure has — starting from the carrier substrate 

— a first lower electrode layer, a first piezo layer, a first upper electrode layer, an 

interlayer, a second lower electrode layer, a second piezo layer, and a second 

upper electrode layer. 

In order to electrically uncouple the two piezo layers with their corresponding 

lower and/or upper electrode layers from one another, it is advantageous if the 

interlayer is dielectrically executed because additional electric insulation layers 

can therefore be dispensed with. 

To protect the membrane structure from external influences, the side of the 

membrane structure that faces away from the carrier substrate has been coated, 

at least partially, with a passivation layer. 
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Since the carrier substrate is made preferably of silicon and thus conducts 

electricity, it is advantageous if an electrical insulation layer, especially one 

made of silicon oxide, is arranged in the area between the carrier substance and 

the lowest electrode layer of the membrane structure. 

Advantageously, the membrane structure comprises a membrane layer, made 

especially of polysilicon. The membrane structure extends preferably over the 

entire opening of the cavity executed in the carrier substrate. In a MEMS sound 

transducer executed as loudspeaker, the membrane layer is made to vibrate so 

it can generate sound waves in the audible wavelength spectrum by means of 

the piezo layers that can be controlled accordingly. So that the interlayer's 

sound energy reflection properties are not negatively influenced, it is 

advantageous if the membrane layer is preferably arranged in the area below 

the first piezo layer — i.e., particularly between the carrier substrate and the 

lower first electrode layer — or in the area above the second piezo layer — i.e., 

especially fitting closely on the top electrode layer of the second piezo layer. 

It is advantageous for the membrane structure to have several contact 

depressions and/or depressions executed with different depths on its side facing 

away from the carrier substrate. In the cross sectional view, the contact 

depressions extend preferably from the upper side of the membrane structure to 

the various electrode layers. As a result of this, the two piezo layers can be 

stimulated through the respective lower and upper electrode layer and/or 

electrical signals tapped. 

For the same reason, it is advantageous if electrical connection elements are 

arranged in the contact depressions, preferably electrically connected to the 

respective electrode layer over which they extend. Additionally or alternatively, 

the electrical connection elements extend in the cross sectional view from the 
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upper side area of the membrane structure over at least one of the two side 

walls of the contact depression all the way to their bottom. 

It is also advantageous if the carrier substrate forms in the top view a frame, 

especially a closed one. Thus, the carrier substrate cavity has an opening on 

each one of the opposing sides, as a result of which the frame shape of the 

carrier substrate is developed. 

Additionally or alternatively, it is advantageous if the membrane structure has at 

least one recess, especially in the interior of the frame and/or on its side facing 

away from the carrier substrate. In the area of this recess, at least the two piezo 

layers are preferably removed. Thus, in the top view, the membrane structure 

has at least one piezoelectrically active area and at least one passive area, 

developed especially by the recess. Therefore, only the active area can be 

piezoelectrically stimulated. Contrary to this, the passive area is merely 

passively movable together with the active area connected to it. 

In the top view, the at least one piezoelectric active area and the at least one 

passive area advantageously form a pattern on the membrane structure, 

especially a meandering, beam-shaped, n-beam-shaped and/or spiral pattern. 

As a result of this, the membrane structure can execute a larger stroke in the z-

direction of the MEMS sound transducer, thereby generating a higher sound 

pressure. 

The piezoelectric active area is preferably executed to be capable of stimulating 

the membrane structure in a MEMS sound transducer developed as 

loudspeaker so it vibrates. On the other hand, the passive area (which owing to 

the removed piezo layers can no longer be piezoelectrically stimulated) is 

merely moved along over the adjacent piezoelectric active area. 
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It is advantageous if the recess is executed in such a way that in the top view, 

the piezoelectric active area has at least one anchoring end attached to the 

frame and/or at least one free end that can vibrate it in the z-direction respect to 

the attached end. Thus, respect to the anchoring end, the free end can execute 

a particularly large stroke in the z-direction of the MEMS sound transducer. 

To increase the stroke in the z-direction of the MEMS sound transducer, it is 

advantageous if the active area in the top view has one, especially beam-

shaped, deflection section. Additionally or alternatively, it is advantageous if in 

the cross sectional view of the deflection area (in case of at least one of the two 

piezo layers), at least one of the two electrode layers is asymmetrically arranged 

opposite the corresponding piezo layer. Due to this asymmetrical arrangement 

of the electrode layer opposite the corresponding piezo layer, the deflection 

section or active area can execute a torsional movement around its longitudinal 

axis when tension is applied. As a result of that, the stroke of the active area can 

be advantageously increased in the z-direction of the MEMS sound transducer. 

Furthermore, the z-stroke of the membrane structure can be increased if the 

active area in the top view has at least a first deflection section, a second 

deflection section and/or one redirecting section executed between these two. 

Here, the anchoring end is preferably executed on the end of the first deflection 

section facing away from the redirecting section and on the free end facing away 

from the end of the second deflection section. Owing to the redirecting section, 

the free end of the active area can therefore be advantageously deflected by a 

greater length in the z-direction of the MEMS sound transducer. 

To execute the length of the active area as long as possible between its 

anchoring length all the way to its free end, it is advantageous if the redirecting 
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section redirects the two deflection sections in the top view towards one another 

at an angle ranging from 1° to 270°, especially by 90° or 180°. 

In an advantageous further aspect, the membrane structure has in the top view 

several transducer areas, especially ones that can be controlled separate from 

one another. These transducer areas of the one-piece membrane structure have 

preferably different sizes and/or different patterns with respect to one another. 

The transducer areas executed in various sizes can be made to be high- or low-

pitched. 

To uncouple two neighboring transducer areas at least partially from one 

another and/or support the one-piece membrane structure consisting of several 

transducer areas, it is advantageous if the carrier substrate has at least one 

supporting element in the top view, especially in the frame's cavity. The element 

is thus preferably arranged to support the membrane structure between two 

neighboring transducer areas. If one of the two transducer areas is stimulated to 

vibrate, the connecting area is supported by the supporting element between the 

two transducer areas, so that the transducer area contiguous to it does not 

vibrate or only partially. Furthermore, this prevents a very large membrane 

structure to be torn. 

The two transducer areas adjacent to one another can be very effectively 

uncoupled from vibration if the supporting element is firmly attached to the 

membrane structure with its end facing it. However, it is alternatively also 

advantageous if the two transducer areas adjacent to one another are not fully 

uncoupled from one another. Consequently, it can likewise be advantageous if 

the supporting element is loosely attached to the membrane structure with its 

end facing it or is separated from it in the z-direction of the MEMS sound 

transducer. 



9° 

To acoustically uncouple two adjacent transducer areas, it is advantageous for 

the supporting element to be executed as a wall to subdivide the cavity, 

preferably into at least two cavity areas. 

According to other aspects, a chip — especially a silicon chip — is suggested for 

generating sound waves in the audible wavelength spectrum that has several 

MEMS sound transducers arranged in array-like fashion to one another and/or 

separately controllable from each other. At least one of these MEMS sound 

transducers is designed according to the preceding description, wherein the 

above-mentioned characteristics can be present individually or in any 

combination. 

It is advantageous if at least two of the MEMS sound transducers have different 

sizes, different shapes and/or different patterns from one another. 

Additional aspects of the disclosed subject matter are described in the following 

embodiments, which show: 

Figure 1 	 is a detailed cross-sectional view of a basic embodiment of 

a MEMS sound transducer. 

Figure 2 
	

is a cross-sectional view of a second embodiment of a 

MEMS sound transducer with a passivation layer acting as 

membrane layer. 

Figure 3 
	

is a cross-sectional view of a third embodiment of a MEMS 

sound transducer with a reinforcement layer that is executed 

from a lower insulation layer and/or extending only partially 
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over an opening of the 	carrier substrate in vertical 

direction. 

Figure 4 

Figure 5 

is cross-sectional view of a fourth embodiment of a MEMS 

sound transducer with a reinforcement layer that is executed 

from an upper insulation layer and/or extending over the 

entire opening of the cavity in a vertical direction. 

is a cross-sectional view of a fifth embodiment of a MEMS 

sound transducer with a reinforcement layer that is executed 

from an upper insulation layer and/or extending only partially 

over the opening of the cavity in a vertical direction. 

Figures 6a — 6f 	show the individual process steps to manufacture a MEMS 

sound transducer of the fifth embodiment shown in Figure 5. 

Figures 7 & 8 	are perspective views of two different embodiments of a 

MEMS sound transducer. 

Figure 9 	is a cross-sectional view through an active area of the 

embodiments shown in Figure 7 and/or 8. 

Figure 10 	is a top view of several MEMS sound transducers arranged 

in array-like fashion relative to one another according to the 

embodiment shown in Figure 8. 

Figure 11 	is a cross-sectional view of another embodiment of a MEMS 

sound transducer with a one-piece membrane structure that 
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has several transducer areas supported by at least one 

supporting element in the z-direction. 

So that the relationships among the various elements described below can be 

defined, relative terms such as above, below, up, down, over, underneath, left, 

right, vertical and horizontal, are used for the position of the objects that the 

corresponding figures refer to. 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 

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

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

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

Figure 1 shows a detailed section of a MEMS sound transducer 1 in cross 

section, in particular in the connecting area between a membrane structure 5 

and a carrier substrate 2 of the MEMS sound transducer executed as frame. 

The MEMS sound transducer is executed to generate sound waves in the 

audible wavelength spectrum. Thus, the MEMS sound transducer 1 is executed 

as MEMS loudspeaker (i.e., to be at least one of a sound transducer). 

According to Figure 1, the MEMS sound transducer 1 comprises a carrier 

substrate 2, especially made of silicon. The carrier substance 2 is executed as a 

frame, especially a closed one, as is the case in the embodiment shown in 

Figure 2, for example. Therefore, the carrier substrate 2 comprises a hollow 

space or cavity 3 (shown only partially in Figure 1). The cavity 3 comprises a 

first opening 4 spanned by a membrane structure 5. On its side that faces away 

from the membrane structure 5, the cavity 3 has a second opening 6. The cavity 
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3 expands at least in an area starting from the first opening 4 in the direction of 

the second opening 6. 

According to Figure 1, the membrane structure 5 comprises several layers firmly 

connected to one another. The edge area 7, of the membrane structure 5 is 

firmly connected to the carrier substrate 2 on the side that faces towards the 

carrier substrate 2. Thus, with respect to the stationary carrier substrate 2, the 

membrane structure 5 can vibrate in a z-direction of the MEMS sound 

transducer 1 to generate sound energy, i.e. according to the orientation in 

vertical direction shown in Figure 1. 

To stimulate the membrane structure 5 to vibrate over a corresponding electrical 

control in case of a loudspeaker application, the membrane structure 5 has been 

executed as multilayered piezoelectric membrane structure. Consequently and 

according to the sectional view shown in Figure 1, the membrane structure 5 

comprises a first piezo layer 8 and a second piezo layer 9. The two piezo layers 

8, 9 do not necessarily have to be executed to be continuous over the entire 

surface of the membrane structure 5. Alternatively, they can also have breaks, 

which are explained in more detail in the following embodiments. 

The two piezo layers 8, 9 are made preferably of lead-zirconate-titanate (PZT) 

and/or aluminum nitride (ALN). So that the two piezo layers 8, 9 can detect an 

electrical signal in a deflection and/or to actively deflect the two piezo layers 8, 9 

by applying a voltage, the two piezo layers 8, 9 are in each case embedded 

between two electrode layers 10, 11, 12, 13. Therefore, the first piezo layer 8 

has a first lower electrode layer 10 on its side facing the carrier substrate 2, and 

a first upper electrode layer 11 on its side facing away from the carrier substrate 

2. In the same manner, a second lower electrode layer 12 is arranged on the 

side of the second piezo layer 9 that faces the carrier substrate 2, and a second 
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upper electrode layer 13 is arranged on its side facing away from the carrier 

substrate 2. 

Moreover, according to the embodiment shown in Figure 1, the membrane 

structure 5 can comprise a membrane layer 14. The membrane layer 14 gives 

the membrane structure 5 more stiffness and/or stability. In case of a 

loudspeaker application, the membrane layer 14 is stimulated to vibrate by the 

two piezo layers 8, 9. The membrane layer 14 is made preferably of polysilicon 

and/or, according to the embodiment shown in Figure 1, is arranged below the 

first piezo layer 8, especially in the area between the first lower electrode layer 

10 and the carrier substrate 2. Thus, the membrane layer 14 is located in the 

area between the carrier substrate 2 and the lower first piezo layer 8. However, 

in an alternative embodiment not shown here, the membrane layer 14 can also 

be arranged above the second piezo layer 9. Apart from the two embodiments 

mentioned above, it is also conceivable for the membrane structure 5 to do 

away completely with such a membrane layer 14. 

Since the carrier substrate 2 shown in Figure 1 is made preferably of silicon and 

therefore conducts electricity, it is advantageous if the carrier substrate 2 has an 

insulation layer 15 made especially of silicon oxide on its side facing the 

membrane structure 5. As a result of this, the first lower electrode layer 10 can 

be electrically insulated from the carrier substrate 2. 

To protect the membrane structure 5 from external influences, it has on its side 

facing away from the carrier substrate 2 a passivation layer 16, especially a top 

one. 

The multilayered piezoelectric membrane structure 5 described above has a first 

interface 17 adjacent to the surrounding air, located on the side of the 
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membrane structure 5 facing away from the carrier substrate 2. Furthermore, the 

membrane structure 5 has a second interface 18 on its side facing the carrier 

substrate 2. Because the membrane structure 5 — especially in the area of the 

two interfaces 17, 18 — has very different impedance compared to the adjacent 

air, a major part of the sound energy to be transmitted is reflected on the 

interface 17, 18 and this reduces the piezoelectric effect of the MEMS sound 

transducer 1. 

Thus, in a loudspeaker application, for example, the membrane structure 5 is 

first made to vibrate via an electrical stimulation of the two piezo layers 8, 9 in 

the z-direction. In this case, a sound wave is generated on the first interface 17 

in the audible wavelength spectrum. However, sound energy generating the 

sound wave is not transferred completely to the air. Instead, owing to the large 

impedance difference between the membrane structure 5 and the adjacent air, a 

part of the sound energy is reflected once again back on the first interface 17, 

i.e., towards the carrier substrate 2. In a membrane structure 5 known from the 

state of the art, this sound energy is lost, thereby reducing the piezoelectric 

effect of the membrane structure 5. 

To prevent this, the membrane structure 5 has therefore an interlayer 19 to 

reflect sound energy according to Figure 1. The interlayer 19 is arranged 

between the two piezo layers 8, 9 according to the sectional view shown in 

Figure 1. Here, the interlayer 19 is placed directly against the first upper 

electrode layer 11 and the second lower electrode layer 12. 

Compared to at least one of the two piezo layers 8, 9, the interlayer 19 has a 

lower density. Consequently, the interlayer 19 and at least one of the two piezo 

layers 8, 9 have different impedance compared to one another. Owing to this 

impedance difference, the interlayer 19 acts to reflect sound energy. As a result 
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of this and taking the loudspeaker application as an example, the sound energy 

partially reflected back on the first interface 17 is once again reflected towards 

the first interface 17 by the interlayer 19. Consequently, this sound energy is not 

lost but is used once again on the interface 17 to generate a sound wave and 

this amplifies the piezoelectric effect of the membrane structure 5. The sound 

energy reflecting properties of the interlayer 19 are especially well-developed if 

the interlayer 19 is made of silicon oxide, silicon nitride and/or polysilicon. 

The interlayer 19 is not only executed to reflect sound but also to be dielectric. 

As a result of this, the first upper electrode layer 11 and the second lower 

electrode layer 12 are electrically insulated from one another and this 

advantageously saves additional insulation layers. 

Different embodiments of the MEMS sound transducer 1 are shown in Figures 2, 

3, 4 and 5. According to the detailed section of the membrane structure 5 shown 

in Figure 1, every one of these embodiments has two piezo layers 8, 9 

separated from one another in the z-direction, arranged in each case sandwich-

like between two electrode layers 10, 11, 12, 13. Furthermore, an identically 

designed and identically acting interlayer 19 has been arranged between these 

two piezo layers 8, 9. The above-mentioned layer combination constitutes the 

basis for the embodiments described below. In the following description of these 

embodiments, and compared to the embodiment shown in Figure 1, the same 

reference characters are used for the same characteristics. As far as they are 

not explained in detail once again, their design and mode of action correspond 

to the characteristics that have already been described above. 

According to the embodiment shown in Figure 2, the membrane structure 5 has 

no separate membrane layer 14. Instead, the passivation layer 16 takes over its 
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action and thus acts as membrane layer 14. The passivation layer 16 extends in 

horizontal direction over the entire first opening 4. 

To actively control the two piezo layers 8, 9 via the correspondingly assigned 

electrode layers 10, 11, 12, 13 in case of a loudspeaker application, the 

membrane structure 5 has according to Figure 2 several contact depressions 

20a, 20b, 20c, 20d on its side facing away from the carrier substrate 2. The 

contact depressions 20a, 20b, 20c, 20d extend in each case from the side of the 

membrane structure 5 facing away from the carrier substrate 2 all the way to 

one of the electrode layers 10, 11, 12, 13. In each one of the contact 

depressions 20a, 20b, 20c, 20d, an electrical connection element 21, especially 

an electric contact, has been arranged. To preserve clarity, in the connection 

element 21 in the embodiment shown in Figure 2 only one of the contact 

depressions 20a, 20b, 20c, 20d has been provided with a reference character. 

The connection elements 21 are in each case electrically connected to the 

electrode layer 10, 11, 12, 13 assigned to them. According to the cross-sectional 

view shown in Figure 2, the connection elements 21 extend in each case from 

the upper side area of the membrane structure 5 over the side walls 22 of the 

corresponding contact depressions 20a, 20b, 20c, 20d until their bottom. To 

ensure that the respective connection elements 21 are exclusively electrically 

connected to a single one of the electrode layers 10, 11, 12, 13, an additional 

insulation layer 15b has been arranged in the area between the connection 

element 21 and the side wall 22. 

To improve the maximum stroke of the membrane structure 5 in the z-direction, 

the membrane structure 5 has several recesses 24a, 24b, 24c, 24d. The 

recesses 24a, 24b, 24c, 24d extend from the upper side of the membrane 

structure 5 towards the carrier substrate 2. In the area of the recesses 24a, 24b, 
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24c, 24d, the two piezo layers 8, 9 have been removed. Therefore, the 

membrane structure 5 has piezoelectrically active areas 25 — in which the two 

piezo layers 8, 9 are still present — and passive piezoelectric areas — in which 

the two piezo layers 8, 9 have been removed — (cf. also Figures 7 and 8). To 

preserve clarity, in each case only one of these active areas 25 and passive 

areas 26 is indicated with a reference character in the embodiment shown in 

Figure 2. 

According to the embodiment shown in Figure 2, the two piezo layers 8, 9, the 

interlayer 19 and all electrode layers 10, 11, 12, 13 have been removed. Thus, 

in the area of the respective passive areas 26, the membrane structure 5 has 

only the passivation layer 16. Consequently, the passivation layer 16 acts as 

membrane layer 14. 

The embodiment shown in Figure 3 differs from the embodiment described 

above in that the membrane structure 5 has a reinforcement layer 27 in the area 

of the first opening 4. For this, the first insulation layer 15a has not been fully 

removed in the area of the first opening 4. According to the cross sectional view 

shown in Figure 3, it extends horizontally over several (especially overall) active 

areas 25 and several passive areas 26 (especially over the two inner ones). 

However, the edge area of the reinforcement layer 27 close to the carrier 

substrate has been removed. Thus, the reinforcement layer 27 has a separation 

(particularly executed as frame) in a horizontal direction towards the carrier 

substrate 2. The separation is at least executed in such a way that at least one 

of the passive areas 26 is executed without this reinforcement layer 27 in the 

edge area. Thus, the insulation layer 15a arranged in the interior of the carrier 

substrate 2 executed as frame acts as reinforcement layer 27. In the area of the 

reinforcement layer 27, the membrane structure 7 is more stable and/or rigid. 
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Contrary to this, the membrane structure 5 is softer and/or more flexible in its 

edge area executed without this reinforcement layer 27. 

Alternately, according to the embodiment shown in Figure 4, the reinforcement 

layer 27 can also be executed by means of the second insulation layer 15b. 

Here, the reinforcement layer 27 or second insulation layer 15b extends in 

horizontal direction over the entire width of the first opening 4. 

However, in a second alternative embodiment according to Figure 5, the second 

insulation layer 15b acting as reinforcement layer 27 can also be separated in 

the edge area — comparable to the embodiment shown in Figure 3. As a result of 

this, the membrane structure 5 is stiffer and/or more stable only in the inner area 

owing to the action of the reinforcement layer 27. Compared to this, the edge 

area adjacent to the carrier substrate 2 has been executed in a more flexible 

and/or softer way, since it has no reinforcement layer 27 or second insulation 

layer 15b. 

Figures 6a to 6f illustrate the manufacturing process of the MEMS sound 

transducer 1 in the embodiment shown in Figure 5. In this case and 

according to Figure 6a, first of all a carrier substrate 2 made of silicon 

is prepared with an insulation layer 15a arranged on the upper side. 

Afterwards, according to Figure 6b, the membrane structure 5 is 

placed on the upper side of the insulation layer 15a. In this case, to 

start, the first lower electrode layer 10, the first piezo layer 8, the first 

upper electrode layer 11, the interlayer 19, the second lower electrode 

layer 12, the second piezo layer 9 and the second upper electrode 

layer 13 are preferably applied one after another. According to Figure 

6c, in an ensuing process step, the contact depressions 20b, 20c, 20d 

and the recesses 24a, 24b, 24c, 24d are introduced into the 



19° 

membrane structure 5 from the side facing away from the carrier 

substrate 2. Afterwards, according to Figure 6d, the second insulation 

layer 15b is applied on the contact recesses 20b, 20c, 20d and the 

two inner recesses 24b, 24c. After the contact depressions 20a, 20b, 

20c, 20d have been provided with the respective connection elements 

21, the entire membrane structure 5 is covered with the passivation 

layer 16 according to Figure 6e. In the last step of the process shown 

on Figure 6f, the cavity 3 is executed from the underside, so that the 

carrier substrate 2 is now frame-shaped and the membrane structure 

5 is capable of vibrating in the z-direction with respect to the frame. 

A perspective view of two different embodiments of the MEMS sound transducer 

1 is shown in Figures 7 & 8. The hollow space or cavity 3 is on the backside of 

the MEMS sound transducer 1 and cannot therefore be seen in this perspective 

view shown in Figures 7 & 8. 

According to the embodiment shown in Figure 7, the membrane structure 5 

and/or the cavity 3 not visible here has/have a circular shape in the top view. 

Furthermore, it can be recognized in the perspective view that the recesses 24 —

from which merely one has been provided with a reference character to 

preserve clarity — form a pattern 28. The pattern 28 is formed by the 

piezoelectrically active areas 25a, 25b, 25c, 25d and the piezoelectrically 

passive areas 26a, 26b, 26c, 26d, 26e. 

One of these active areas 25a will be explained in more detail now. According to 

Figure 7, the active area 25a has a rigid and/or firmly clamped first and second 

anchoring end 29, 30 connected to the frame or the carrier substrate 2. 

Furthermore, the active area 25a comprises a free end 31 being deflectable in 

the z-direction with respect to the two anchoring ends 29, 30. In the area 
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between the respective anchoring end 29, 30 and the free end 31, the active 

area 25a is largely meander-shaped, at least in some areas. 

Consequently, the active area 25a has a corresponding first deflection section 

32, a corresponding second deflection section 33 (although only one of these 

two has been provided with a reference character) and a common third 

deflection area 34 starting from the respective anchoring end 29, 30. The 

deflection areas 32, 33, 34 are executed with a beam shape in the two 

embodiments shown in Figures 7 & 8. Two of the deflection sections 32, 33, 34 

adjacent to one another are in each case connected to one other via a 

redirecting section 35a, 35b. In this embodiment, each redirecting section 35a, 

35b, redirects the two deflection sections 32, 33, 34 adjacent to one another by 

180°. Through this redirecting connection of these individual deflection sections 

32, 33, 34 — namely with the help of the redirecting section 35a, 35b — it is 

possible to increase the maximum stroke of the active area 25a in the z-direction 

of the MEMS sound transducer 1. 

According to the embodiment shown in Figure 7, when seen from the top, the 

free ends 31 of the active areas 25a, 25b, 25c, 25d are separated from one 

another and from a central spot 36 located in the middle. 

Figure 8 shows a perspective view of an alternative embodiment of the MEMS 

sound transducer 1 wherein the same names were used for the same 

characteristics compared to the embodiment of Figure 7 described above. 

Unless they are not explained in detail once again, their design and mode of 

action correspond to the characteristics already explained. 

According to the embodiment shown in Figure 8, the membrane structure 5 has 

not been executed in a circular shape but a square one, unlike the embodiment 
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shown in Figure 7. Moreover, the free ends 31 of the corresponding active areas 

25a, 25b, 25c, 25d lie directly next to one another in the central spot 36. 

Additionally or alternatively, however, the free ends 31 can also be attached to 

one another and/or be executed as one piece. 

Figure 9 shows a cross-section through an active area 25, especially through a 

beam-shaped deflection section 32, 33, 34 and/or redirecting section 35a, 35b of 

one of the embodiments shown in Figure 7 and/or 8. Here, the second upper 

electrode layer 13 is asymmetrically arranged with respect to the second piezo 

layer 9. As a result of that, the active area 25 executes a torsional movement 

around its longitudinal axis, and as a result of this the maximum stroke height of 

the MEMS sound transducer can be increased in the z-direction. This torsion is 

indicated with an arrow in Figure 9. Additionally or alternatively, more or all 

electrode layers 10, 11, 12, 13 can also be asymmetrically arranged with respect 

to their respectively assigned piezo layer 8, 9. 

According to Figure 10, MEMS sound transducers 1 can be arranged in an array 

37. As shown in the embodiment of Figure 10, all MEMS sound transducers 1 

have the same shape and size. Furthermore, their active area 25 has in each 

case the same pattern 28. In an alternative embodiment not shown here, these 

MEMS sound transducers 1 arranged in array-like fashion to one another can 

also have different sizes compared to each other. As a result of this, high- and 

low-pitched tones can be created. Moreover, the MEMS sound transducers 1 

can have different patterns 28 and membrane structure shapes compared to 

one another. 

According to the embodiment shown in Figure 11, the MEMS sound transducer 

1 has at least two transducer areas 38, 39 — especially separately controllable 

from one another — the transducer areas 38, 39 of the one-piece membrane 
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structure 5 can be executed in different sizes and/or have different patterns. To 

protect the membrane structure 5 from overloads, the MEMS sound transducer 

1 has at least one supporting element 40 in the interior of the frame or carrier 

substrate 2. The supporting element 40 is executed as a wall and partitions the 

cavity 3 in a first and second cavity area 41, 42. According to the present 

embodiment, the supporting element 40 can be separated from the membrane 

structure 5 in the z-direction with the supporting element end 43 facing it. 

However, it is likewise alternatively conceivable for the supporting element 40 to 

fit closely on the underside of the membrane structure 5 with its support element 

end 43 and/or be firmly attached to it. 

In an embodiment not shown here, the MEMS sound transducer 1 shown in 

Figure 11 (which has several transducer areas 38, 39) can also be arranged 

with more identical or differently executed MEMS sound transducers 1 in array-

like fashion within the meaning of the embodiment shown in Figure 10. 

The present invention 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 different embodiments. 
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List of reference characters 

1 MEMS sound transducer 

2 Carrier substrate 

3 Cavity 

4 First opening 

5 Membrane structure 

6 Second opening 

7 Edge area 

8 First piezo layer 

9 Second piezo layer 

10 First lower electrode layer 

11 First upper electrode layer 

12 Second lower electrode layer 

13 Second upper electrode layer 

14 Membrane layer 

15 Insulation layer 

16 Passivation layer 

17 First interface 

18 Second interface 

19 Interlayer 

20 Contact depressions 

21 Connection elements 

22 Side wall 

23 Bottom 

24 Recess 

25 Active area 

26 Passive area 

27 Reinforcement layer 
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28 Pattern 

29 First anchoring end 

30 Second anchoring end 

31 Free end 

32 First deflection section 

33 Second deflection section 

34 Common deflection section 

35 Redirecting section 

36 Central spot 

37 Array 

38 First transducer area 

39 Second transducer area 

40 Supporting element 

41 First cavity area 

42 Second cavity area 

43 Supporting element end 
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Patent Claims 

1. 	A MEMS sound transducer to generate sound waves in the audible 

wavelength spectrum with 

a carrier substrate (2), 

a cavity (3) executed in the carrier substrate (2), which has at least 

one opening (4), and 

a multilayered piezoelectric membrane structure (5), 

spanning over the opening (4) of the cavity (3) and connected in its 

edge area with the carrier substrate (2), so that with respect to the 

carrier substrate (2), it is capable of vibrating to generate sound 

energy, 

wherein the membrane structure (5) has in cross-section at least in 

some areas a first and a second piezo layer (8, 9) arranged 

separately from one another, 

characterized in that 

an interlayer (19) is arranged in the area between the two piezo 

layers (8, 9), that is made of silicon oxide, silicon nitride and/or 

polysilicon, so that by means of it, sound energy can be reflected in 

the direction of at least one interface (17, 18) of the membrane 

structure (5) adjacent to the air, 

the membrane structure (5) has a membrane layer (14) arranged 

below the first piezo layer (8). 

A MEMS sound transducer according to the previous claim, 

characterized in that the interlayer (19) has lower density compared 

to at least one of the two piezo layers (8, 9). 
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3. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that at least one of the two piezo 

layers (8, 9) is made of lead-zirconate-titanate and/or aluminum 

nitride. 

4. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the two piezo layers (8, 9) are 

in each case embedded between a lower and an upper electrode 

layer (10, 12; 11, 13), 

that the interlayer (19) sits tightly directly on the upper electrode layer 

(11) of the first piezo layer (8) and on the lower electrode layer (9) of 

the second piezo layer (12) and/or that the interlayer (19) is 

dielectrically executed. 

5. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the membrane layer (14)is 

arranged below the first piezo layer (8) or in the area above the 

second piezo layer (9). 

6. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the membrane structure (5) 

has, in the interior of the carrier substrate (2) executed as frame 

and/or on its side facing away from the carrier substrate (2), at least 

one recess (24) in whose area at least the two piezo layers (8, 9) 

have been removed, so that when seen from the top, the membrane 

structure (5) has at least one piezoelectrically active area (25) and at 

least one passive area (26) created by the recess (24) that preferably 

form a pattern (28) to one another. 

7. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the recess (24) has been 
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executed in such a way that the piezoelectrically active area (25) has 

at least one anchoring end (29, 30) attached to the frame in the top 

view and has at least a free end (31) that can vibrate in a z-direction 

with respect to it. 

8. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the active area (25) has in the 

top view at least one, especially beam-shaped, deflection section 

(32, 33, 34) and/or 

that in its sectional view, in at least one of its two piezo layers (8, 9), 

at least one of the two electrode layers (10, 11, 12, 13) is 

asymmetrically arranged with respect to the corresponding piezo 

layer (8, 9). 

9. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the active area (25) in the top 

view has at least one first deflection section (32), a second deflection 

section (33) and/or a redirecting section (35) executed between 

these two. 

10. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the membrane structure (5) in 

the top view has several transducer areas (38, 39) especially 

separately controllable from one another that are preferably executed 

in different sizes and/or have different patterns (28). 

11. A MEMS sound transducer according to one or several of the 

previous claims, characterized in that the carrier substrate (2) has in 

the top view at least one supporting element (40) executed in the 

interior of the 

frame, preferably arranged to support the membrane structure (5) 

between two transducer areas (38, 39). 
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12. A MEMS sound transducer according to claim 11, characterized in 

that the supporting element (40) is attached to the membrane 

structure (5) with its supporting element end (43) that faces the 

membrane structure (5), sits loosely on it or is separated from it in 

the z-direction. 

13. A MEMS sound transducer according to claim 11, characterized in 

that the supporting element (40) is executed as wall and partitions 

the cavity (3) into at least two cavity areas (41, 42). 

14. A chip, especially silicon chip, to generate sound waves in the audible 

wavelength spectrum with several MEMS sound transducers (1) 

arranged in array-like fashion to one another and/or separately 

controllable from one another, characterized in that at least one of the 

MEMS sound transducers (1) is executed according to one or several 

of the previous claims. 


