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Acceleration sensor structure and use thereof

The invention relates to MEMS, micro-electro-mechanical systems in general, but

more specifically to an acceleration sensor structure as indicated in the preamble of an

independent claim directed to a MEMS sensor structure. The invention relates also to a

sensor structure matrix, a sensor device, and a system as indicated in the preambles of

the respective independent claims.

Sensing acceleration of a body to provide a signal that depends on the kinetic state of

said body under the influence of acting forces is a widely applied way to determine the

position and/or location of the body. For the purpose, various sensors can be used, but

MEMS structures are suitable for many applications because of their small size. In

microelectronics, the increasing demand has made it possible to develop better and

better structures for purposes encountered in many fields, for example such that relate

to vehicles, domestic electronics, clothes, shoes, just to mention a few applied fields in

which patent classes may comprise MEMS related acceleration sensors.

However, at the priority date of the present patent application, the known MEMS

structures encounter some problems that restrict their use in the industry.

Alternatively, the related products using the acceleration sensor can be made sufficient

to their desired purpose, but the use of prior art MEMS structures may necessitate

extra signal processing, error correction and/or compensation means and solutions to

achieve a component that fulfills its purpose. The operation of a MEMS component

can be improved by extraneous electro-mechanical means, but typically such means

make the overall structure complicated and increase the manufacturing cost. They may

also make the structure sensitive to malfunctioning, as the number of extraneous

interacting parties increase.

In the following Figures 1 to 5B, some of drawbacks of the known techniques have

been demonstrated.
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Figure 1 illustrates an exemplary sensor structure with a X- and/or Y-direction 

sensitive cell for acceleration sensing according to the known techniques, based on 

capacitive detection with comb-structure detection means. The cell comprises a 

movable frame 102 for an effective mass. The effective mass of the movable frame is 

5 arranged to hold an ensemble of movable electrodes 103. Only one such electrode is 

indicated with the label 103, but skilled man in the art knows that there can be more 

than one electrode in said ensemble of movable electrodes. A skilled man in the art 

also knows that if there are many movable electrodes in the ensemble, their 

contribution to the effective mass needs to be duly considered. 

10 

Elements through which the cell may be anchored to a surface of an object are 

indicated by number and character combinations 106, 107N, 107P. The appended 

letter "N" denotes to negative charge and/or voltage and the appended letter P denotes 

to positive charge and/or voltage. The bare number of 106 may be indicative of 

15 ground potential and/or having a bare mechanical character. Thus, stationary 

electrodes 105N and 104P denoted with the respective sign indications N and P in 

Figure 1 may have the corresponding polarity as the interconnected anchors 107N, 

107P. Anchor structures 106, 107N, 107P may be isolated from the ground, but the 

isolation arrangement, as such, is not relevant in this context. A skilled man in the 

20 field of MEMS structures knows many ways to isolate component parts in a MEMS 

structure, where such is necessary. The movable frame 102 is connected via springs 

101 to the anchor structure 106. 

The prior art structure of Figure 1 is a differential structure, i.e. the N signed 

25 capacitance decreases when the P signed capacitance increases, when the frame 102 

suspended with the sprigs 101 moves in the +X-direction, and vice versa. The 

illustration shows a symmetric structure in respect to the anchor 106, which is valid in 

the rest state of the moving frame 102. 

30 The sensor structures of Fig 2 and 3 illustrate prior art z-direction sensitive 

acceleration sensor structures implemented by means of elements with positive and 

negative capacitance electrode areas. These positive and negative capacitance areas 

are indicated in the figures with corresponding polarity labels + and -, respectively, 

and. 
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Figure 2 illustrates an exemplary mechanical element that comprises a proof mass 

202, and a pivot axis 204. If the proof mass 202 is considered to extend in the x-y-

direction (shown) and the proof mass 202 is under influence of acceleration in the z-

5 direction, it experiences a force that causes it to pivot around its axis 204 accordingly. 

The negative and positive capacitance electrode areas 206P, 206N on the moving 

proof mass 202 may be arranged to interact with static electrodes and generate a 

capacitance that varies according to the movement of the proof mass. For clarity 

10 reasons, the static electrodes of the formed capacitors are not shown in Figures 2 and 

3. However, each electrode moving with the proof mass can have a dedicated static 

electrode, or a common static electrode may be provided for the positive and negative 

electrode areas. For example, electrode areas 206P, 206N may have a common static 

electrode that is in ground potential. 

15 

The prior art sensor structure of Figure 3 may be implemented by means of a 

pivotable pair of mechanical elements Zl, Z2, each of which comprises a proof mass 

301, 302 and a pivot axis Axi. Again, when the masses 301,302 are under influence 

of acceleration in the z-direction, they experience acceleration force that causes them 

20 to pivot around their respective axes Axi. The mechanical elements are arranged to 

move in a see-saw or "teeter-totter" type of way such that while pivoting, one side of 

the element moves to one direction and at the same time the other side of the element 

moves to an opposite direction. The capacitances of electrode areas 303P, 304P, 

305N, 306N change accordingly, so that, for example, when the capacitance of 

25 electrode 303P increases, the capacitance of electrode 305N decreases 

correspondingly. Similarly, when the capacitance of electrode 304P increases, the 

capacitance of electrode 306N decreases correspondingly. The increasing and 

decreasing P- and N-elements may change, but the simultaneous opposite see-saw-

movements occurs in both situations. In Figure 3, the proof mass of both mechanical 

30 elements is distributed unevenly in respect of the pivot axis Axi. Upper and lower 

mechanical elements of Figure 3 are shown to have a single symmetry. The pivoting 

can be arranged to be rotational around the Axi with a pair of torque-oriented springs. 

The pivot axis Axi can thus be implemented with a pair of springs with a torque 

action. 



WO 2013/104827 

4 

PCT/FI2013/050024 

Figures 4A and 4B illustrate a problem detected with the sensor structure of Figure 2. 

Figure 5A shows a schematic photograph in a top view of 3d-acceleration sensor 

structure where one mechanical see-saw element of Figure 2 is used. The sensor 

5 structure comprises also comb-structured capacitive detection cells of Figure 1 for 

acceleration detection in X- and Y-directions. Figure 4A illustrates the pivotable 

mechanical element Z in the middle of the sensor structure used in a detector. As 

discussed with Figure 2, the mechanical element is divided by the axis Axi to a 

shorter part and a longer part. Figure 4B illustrates a side view of the mechanical 

10 element Z of the sensor structure of Figure 4A. Figure 4B shows also a structure 400, 

for example a cover or a substrate, on which the ground electrodes 402, 404 for 

capacitances of Z are fixed. When the structure on which the mechanical element 

deforms, or the structure on which the ground electrodes are secured deforms, the 

distance of the ground electrodes to the electrode areas of the mechanical element Z 

15 change in different ways, as the schematic indicates. For example, in the case 

illustrated in Figure 4B, the distance to the negative electrode decreases and the 

distance to the positive electrode increases, which means that conventional differential 

detection, is severely disturbed by the deformation. 

20 Figure 5A and 5B illustrate a problem detected with the conventional sensor structure 

of Figure 3. Figure 5 A shows a schematic photograph in a top view of a sensor 

structure, where the pair of mechanical see-saw elements of Figure 3 are used. The 

sensor structure comprises also a comb-structured capacitive detection cell XY of 

Figure 1 for acceleration detection in X- and Y-directions. Figure 5B illustrates a side 

25 view of the mechanical elements Zl, Z2 of the sensor structure of Figure 5A. Figure 

5B shows a further structure 500 on which the ground electrodes 502, 504 for 

capacitances of Zl, Z2 are fixed. It may be seen that when the structure on which the 

mechanical elements are supported deforms, or the structure on which the ground 

electrodes are secured deforms, the distances between the ground electrodes and the 

30 electrode areas of the mechanical elements Zl and Z2 change in different ways, as the 

schematic indicates. For example, in the case illustrated in Figure 5B, the distance 

from the negative capacitance electrode areas of Zl, Z2 to the ground electrodes 

increase, and the distances from the positive capacitance electrode areas of Zl, Z2 to 

the positive electrodes decreases. When differential detection is applied, this causes an 



5

offset error to the detection. In addition, as discussed with Figures 2 and 3, the proof

masses of Zl, Z2 may be non-symmetrically distributed in respect to the axis Axi and

therefore tilt or pivot differently. With the configuration shown in 5A, this does not

compensate the effect of the deformation.

The object of the present invention is to provide a solution so as to overcome, or to

alleviate at least one of the prior art disadvantages. The objects of the present

invention are achieved with a MEMS sensor structure of the independent claim 1. The

objects of the present invention are further achieved with an article, an acceleration

sensor, an acceleration sensor matrix, a device and a system of the other independent

claims. The preferred embodiments of the invention are disclosed in the dependent

claims.

The term global, especially in the context of expression on globally symmetric within

the embodiments of the invention, refers to the scale or dimension of the whole article

that is described to have symmetrical parts. An article can be embodied globally

symmetric in the embodiments of a sensor structure, sensor, and/or an ensemble of

such. En ensemble may thus refer, for example, to a matrix or a stack or a stacked

matrix that comprises a sensor and/or a mechanical element used in a sensor.

Thus, the "global" is not necessarily wanted to be made applicable in mere scale where

the internal parts of the article have at least one symmetry in respect of / according to a

symmetry element. However, it is the scale of the parts concerned themselves in the

article that could be as such globally symmetric when its internal substructure is

considered in the scale of said part.

As an example of an embodiment, a sensor matrix is considered to be not globally

symmetric with the provision that there is a non-symmetric sensor structure in the

matrix structure that makes the matrix in its scale of wholeness appear non-symmetric

in the normal sense of the symmetry, although there were sensor/sensors that are

locally symmetric in the scale of the sensor structure where the sensor is part of. Thus,

the sensor in its scale of wholeness can be globally symmetric although the sensor

structure of the matrix were not.
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Local, especially in the context of locally symmetric within the embodiments of the 

invention, in this context it means in the scale or dimension of a sub-structure at least 

in a part of the whole article. The article can be embodied in the embodiments of a 

sensor structure, sensor, and/or an ensemble of such, for example a matrix or a stack 

5 or a stacked matrix that comprises such a sensor and/or a structure used in the sensor. 

Thus, the "local" is used to refer genuinely to a detail or a partial structure of the 

article, thus scarcely in the scale of the wholeness of the article as such, but local 

symmetry can be present especially also in structures of nested symmetries 

10 comprising global symmetry in the scale of individual part of such part of the 

structure. 

Symmetry in this context is used to denote to the similarity of objects at at least two 

sides defined by a symmetry element. By expression symmetry element it is meant a 

15 dot, an axis, a plate, a plane and/or a sensor structure sub-object. The symmetry 

element is not necessarily a true object, but can be a virtual object or position, used in 

the defining symmetry. 

Order of symmetry of an article, especially in context concerning embodiments of the 

20 invention, refers to expressions that have statement of symmetry in a particular way. 

So, first order symmetry means that there is only one symmetry element for the article 

according to which there is a symmetry in its normal meaning in respect of a single 

symmetry element. Similar way, second order symmetry means that there is at least 

25 one symmetry element for the article according to which the symmetry in its normal 

meaning is present, but not for more than two symmetry elements defining the 

symmetry. Similar way, third order symmetry means that there is at least one 

symmetry element for the article according to which the symmetry in its normal 

meaning defined, but not more than three symmetry elements defining the symmetry. 

30 Similar way, fourth order symmetry means that there is at least one symmetry element 

for the article according to which the symmetry in its normal meaning, but there can 

be only symmetries that are defined by less than five symmetry elements. 
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According to an ensemble of embodiments, the symmetry element can have an order 

of symmetry. This applies also for the local and/or global symmetries for an ensemble 

of corresponding embodiments. 

5 Symmetry position of an object or article is a symmetry center with which the 

symmetry element is about to co-inside so that there is the symmetry of the 

symmetrical parts in respect of the symmetry element. Symmetry quality is an 

attribute that can be selected of the following: geometric measure, geometric feature, 

mass, volume, area, density, number or other quantity that is related to the symmetry 

10 in respect of a symmetry element, so that in respect of the symmetry element, 

applicable in an order of symmetry, there are at least two similar symmetry quality 

attribute expressed qualities equally amounted. In the scope of symmetry quality are 

also included mirror-like symmetry, but also such symmetries in which the structure 

comprises anti-mirror symmetry, i.e. the object is so positioned as it were mirror 

15 symmetric but has been pivoted by half a cycle or in an optional embodiment by 

another pivoting angle. Mirror symmetry as well as anti-mirror symmetries can be 

considered to have a translatory symmetry, i.e. a part that is symmetric by the 

symmetry element is sifted from the mirror or anti-mirror symmetry place where it 

were because of the mirror symmetry in respect of the symmetry element. 

20 

Plate is considered as a planar or essentially planar object, but as a physical plane, 

however including even a virtual plate, so representing a plane as such as a 

constructive term to be used for statements in which objects have common features on 

a plane or a plate. 

25 

In the following detailed explanation of exemplary embodiments, reference is made to 

the figures (via a label Fig) as indicated below: 

Figure 1 illustrates a prior art x and/or y direction sensitive cell for acceleration 

30 sensing; 

Figure 2 illustrates a prior art mechanical element for an acceleration sensing cell; 

Figure 3 illustrates another prior art mechanical element for an acceleration sensing 

cell; 
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Figures 4A and 4B illustrate a prior art acceleration sensor structure where one 

mechanical see-saw element of Figure 2 is used; 

Figures 5A and 5B illustrate a prior art sensor structure, where a pair of mechanical 

see-saw elements of Figure 3 are used; 

5 Figure 6 illustrates a comb-structure cell with capacitive electrodes for acceleration 

detection in X-direction; 

Figure 7 illustrates a comb-structure cell with capacitive electrodes for acceleration 

detection in Y-direction; 

Figures 8A and 8B a single prior art cell and an embodiment of a sensor cell; 

10 Figures 9A and 9B illustrate two embodiments with different spring suspensions for 

different compensating symmetries; 

Figures 10A to 10C illustrate cell matrix configurations for detection in X- and/or Y-

direction; 

Figure 11 illustrates an embodiment for Z-direction detection; 

15 Figure 12 illustrates an embodiment where a symmetric Z-axis direction sensor 

structure is suspended to an underlying substrate with a single anchor; 

Figure 13 illustrates further advantages of the embodiment of Figure 12; 

Figure 14 illustrates another possible sensor structure configuration with a single 

anchoring point; 

20 Figure 15 illustrates a configuration of a 3d sensor structure according to an 

embodiment of the invention; 

Figure 16 illustrates results of simulations made with the proposed double differential 

structure; 

Figure 17 illustrates further possible sensor structure configurations; 

25 Figure 18 illustrates embodiments of acceleration sensors that use the embodied 

sensor structure configurations. 

The following embodiments are exemplary. Although the specification may refer to 

"an", "one", or "some" embodiment(s), this does not necessarily mean that each such 

30 reference is to the same embodiment(s), or that the feature only applies to a single 

embodiment. Single features of different embodiments may be combined to provide 

further embodiments. 
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Features of the invention will be described with simple examples of sensor structures 

in which various embodiments of the invention may be implemented. Only elements 

relevant for illustrating the embodiments are described in detail. Various 

implementations of the invented methods and devices comprise elements that are 

5 generally known to a person skilled in the art and may not be specifically described 

herein. 

Means of a sensor structure may comprise springs, bars, capacitor electrodes, anchors, 

anchor substrates, and axis, arranged into corresponding structures. Especially when 

10 concerning symmetry according to the embodiments of the invention, the means may 

be referred as first means, second means etc. as later shown in the figures and their 

description. 

The term differential in the context of the embodiments means that, for example, a 

15 differential operation comprises a diminishing first quantity at a first location and an 

increasing second quantity at a second location coupled so that said diminishing and 

increasing occur because of the same operation. In differential detection both the first 

quantity and the second quantity are detected to generate detection results of the 

operation. 

20 

An example of such a structure is a capacitor pair that has two electrodes, each in a 

potential, and a common electrode in a ground potential. The electrodes may be 

arranged so that when the two electrodes pivot around an axis, the distance of these 

electrodes to the common ground electrode changes, one capacitance increases and 

25 the other decreases. Such construction is achieved when the mechanical coupling is 

made with a rigid object that is common to the two pivoting electrodes. 

The term double differential in the context of the embodiments means that, for 

example, there is another differentially coupled pair of quantities, third quantity at a 

30 third location and an increasing fourth quantity at a fourth location that behave the 

same way as explained in the context of differential for the first quantity at a first 

location and a increasing second quantity at a second location, but with a phase sift in 

respect to the pair of first quantity and second quantity. In double differential 

detection, the first quantity, the second quantity, the third quantity and the fourth 
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quantity are used in pairs to generate said detectable quantities from or according to 

the detected operation. 

In some embodiments of the invention, capacitances, or derivables of them may be 

5 applied as the first and second quantities, and the third and fourth quantities. It is 

noted that capacitance is used as an example of pair-wise quantities, but a skilled man 

in the art knows that also other quantities can be arranged to depend from each other 

in a differential way, and also in a double differential way. In the exemplary 

embodiment the phase shift is 180 degrees, i.e. the pairs are in opposite phase, but the 

10 invention is not necessarily limited only to such phase shifts. 

In some embodiments of the invention, pairs of quantities may be selected from the 

ensemble of first, second, third and fourth quantities to produce signals that depend on 

said quantities, and process the signals in a double differential way. According to an 

15 embodiment of the invention, the quantities may be capacitances, and the signal may 

be an electrical signal corresponds with the capacitances, or at least one of them. The 

signal may be used in determination of acceleration, or a component of acceleration 

with the embodied acceleration sensor structure. 

20 Figures 6 and 7 illustrate exemplary sensor structures with single cells that have a 

comb-structure with capacitive electrodes for acceleration detection in exemplary X 

and Y directions, respectively. Conventional elements that provide voltages, as well 

as reading electronics are not shown for clarity reasons; a skilled man in the art knows 

ways to implement such parts of the sensor structure. 

25 

Figures 6 and 7 show an effective mass as a frame 602, 702 that extends around the 

detection combs. The detection combs comprise static electrodes 604P, 605N and 

moving electrodes 603. During use, elements may be biased in respect to the ground, 

with a positive or negative voltage. Letter P refers here to a positive charge in respect 

30 of the ground and letter N to negative charge in respect of the ground. In the figures, 

the type of texture of the electrodes indicates exemplary signs of the charge of the 

textured elements, when the cell structure is in use. In some embodiments, the bias 

can be electrode group specific, not necessarily the same for each acceleration 

component detection cell used in one direction. 
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As in Figure 1, structures that may be considered to be anchored to a surface of an 

object are indicated by number and character combinations 606, 607N, 607P. The cell 

may comprise an anchor 606 for suspending the moving frame 602, 702 with a spring 

5 601, 701. The cell may also comprise an anchor 607N for the negative static 

electrodes 605N, and/or an anchor 606P for the positive electrodes 604P. Although 

indicated here to denote certain polarity, the anchors can be isolated in suitable part 

from the ground, springs and/or capacitor plates. 

10 The elongate anchors 606 can be considered to be aligned to a symmetry axis and act 

as first symmetry elements in their longer first direction. The combs and/or their 

respective anchors 607N, 607P, and also the springs may be arranged into structural 

symmetry in respect of the symmetry axis. The pitch between the symmetry elements 

606, having perpendicular direction to said first direction, can be considered as 

15 another, second symmetry element for the structural symmetry for the combs and/or 

anchors 607N, 607P, but also for the springs. It is noted that the symmetries may be 

considered by the charge and/or operation in the anti-mirror, mirror, rotational and/or 

translatory modifications from the simple mirror symmetry. 

20 As may be seen by comparing Figure 6 to Figure 1, the cell structure of Figure 6 

applies double differential detection for movements of the frame 602 in X-direction. 

When the frame moves, the distances between the moving electrodes and the 

stationary electrodes change, increasing and decreasing the detectable capacitances 

accordingly. The first quantity of the double differential detection may thus refer here 

25 to capacitances related to the stationary negative charge electrodes 605N extending 

from the anchor structure 607N, and the part of the moving electrodes 603 interleaved 

with these stationary electrodes. The second quantity may refer to capacitances related 

to the stationary positive charge electrodes extending from the anchor structure 607P, 

and the part of the moving electrodes 603 interleaved with these stationary electrodes. 

30 

As defined earlier, differential detection result may be determined by measurements 

of capacitances of the first quantity and the second quantity. In order to eliminate or 

alleviate effects of deformations in the sensor structure, the cell structure of Figure 6 

is arranged to provide double differential detection with a compensating symmetry 
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between the two differential detection elements. A first pair of elements provides the 

first quantity and second quantity for a first differential detection of a movement, and 

a second pair that provides the third quantity and the fourth quantity for the double 

differential detection of the same movement. For the compensating symmetry, the 

5 first pair is arranged to operate in an opposite phase to the second pair. In Figure 6, 

the third quantity may thus refer to capacitances related to the stationary negative 

charge electrodes 608N, and the part of the moving electrodes 603 interleaved with 

these stationary electrodes. The fourth quantity may refer to capacitances related to 

the stationary positive charge electrodes 604P, and the part of the moving electrodes 

10 603 interleaved with these stationary electrodes. 

The opposite phase means in this context that the first and the second pair are 

positioned such that one detected movement of the frame effects simultaneously to a 

diminishing quantity in one pair and to an increasing quantity in the other pair. This 

15 means that if the diminishing of the first quantity at the first location and the coupled 

increasing of the second quantity at the second location is disturbed by displacement 

of components, due to the symmetric positioning of the third and fourth quantities of 

the second pair, a reverse displacement is caused to the second pair, and the effect of 

the displacement is at least partly eliminated. 

20 

Figure 6 illustrates en exemplary implementation of double differential detection 

where the sensor structure is oriented for detection in X-direction and Figure 7 

illustrates en exemplary implementation of double differential detection where the 

sensor structure is oriented for detection in Y-direction. 

25 

The cells in Figs 6 and 7 are suitable for detection of acceleration components in the 

X and/or Y-direction. Thus, each of these mono-axial cells can be used to one 

directional acceleration component, X or Y, by arranging the cell to an appropriate 

position to detect the respective acceleration component. In some embodiments, these 

30 cells may also be used in pairs to detect acceleration components in an XY-plane. The 

structure of an X-direction cell may be the same as for a Y-direction cell, but the X-

direction cell may be pivoted 90 degrees in respect of the Y-direction cell in a plane. 

However, cells of Figs 6 and 7 can also be used to form a cell matrix. When the 

matrix includes only one type cells, X- or Y-direction cells, the matrix is capable to 
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detect one kind of acceleration components. The matrix may also be arranged to be 

capable of detecting X- and Y-direction components of acceleration in a plane by 

including in the matrix both types of cells in respective orientations. For mono-axial 

detection, all the cells may be the same X or Y-direction type cells, but for bi-axial 

5 detection at least one of the cells should be of another type than the rest of the cells. 

The Cartesian XYZ-notation is used for illustrative purposes only. The detection 

directions may differ from the indicated examples along with the sensor's position 

and kinetic state, including the rotation state and translatory states. 

10 

Figures 8A and 8B illustrate advantages of the invention by comparing a single prior 

art cell of Figure 8A to an embodiment of a sensor cell of Figure 8B. In a direction 

indicated with a horizontal arrow A, both cells of 8A and 8B provide signals or signal 

components in a similar way. Let us assume that, for example due to a deformation of 

15 the supporting substrate, the detection frame is displaced as shown in the figures, i.e. 

the electrodes below the symmetry axis tend to interleave more than the electrodes 

above the axis. Such displacement decreases the capacitance of the upper electrodes, 

while the capacitance of the lower electrodes increases. In the example of Figures 8A 

and 8B, N is used to denote locally the negative capacitor electrodes below the 

20 symmetry axis S, P the positive capacitor electrodes below the symmetry axis S, n the 

negative capacitor electrodes above the symmetry axis S, and p the positive capacitor 

electrodes above the symmetry axis S. 

In Figure 8A, the sensor structure comprises electrodes P and n, and the output signal 

25 corresponds differentially with the changes of the capacitances created with electrodes 

P and n. In Figure 8B, the structure comprises electrodes P, N, p and n, and the output 

signal corresponds double differentially with the changes of the capacitances created 

with electrodes P, N, p and n. 

30 It is easily seen that the depicted misalignment of the structure in Figure 8A generates 

an offset error signal: 

(1) err(N) - err(p) > 0, 
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In the configuration of Figure 8B, however, the error vanishes: 

(2) [err(N)+err(n)] - [err(P)+err(p)] = 0. 

5 This results from the double differential detection in combination with the 

compensating structure symmetry. The first pair of electrodes (N,p) and the second 

pair of electrodes (P,n) are positioned such that the detected movement of the frame 

has a similar effect to N of the first pair and to P of the second pair, as well as to p of 

the first pair and to n of the second pair. Even if the generated single capacitances 

10 may be disturbed by unwanted displacement of the frame and the electrodes, due to 

the symmetric positioning, a similar but reverse disturbance is caused to both of the 

pairs. Since double differential detection is used, the potential offset error is thus 

effectively compensated. 

15 Figures 9A and 9B illustrate two embodiments of sensor structures with different 

spring suspensions for different compensating symmetries. The mirror-wise 

assembled springs of Figure 9B are less sensitive to cross-axis errors as the non-

mirror-wise oriented embodiment of 9A. However, the embodiments of Figure 9A 

may be used in applications where such sensitivity is less important. In an optional 

20 embodiment of the invention, importance of cross-axis error may be estimated by 

including both type spring symmetries in a matrix of X and/or Y cells. 

In embodiments of the invention, the middle anchors may be separate from each other 

or the middle anchors may be mechanically connected to each other. 

25 

As discussed above, single cells can be combined to provide a cell matrix. Figure 10A 

illustrates a sensor structure matrix configuration, including cells XI, X2 for detection 

in X-direction (later: X-cell), and cells Yl, Y2 for detection in Y-direction (later: Y-

cell). Figures 10B and 10C illustrate two exemplary configurations of sensor structure 

30 matrices for detection in X- and Y-direction (later: XY-cell). An XY-cell can have a 

double differential structure with the compensating double symmetry. In the cell 

matrix of Figure 10B, each of the individual cells is implemented with the 

compensating symmetry. In the cell matrix of Figure 10C, the individual cells are 
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implemented without the compensating symmetry, but the cells are arranged in the 

cell matrix into positions such that a desired compensating symmetry is achieved. 

Figure 11 illustrates an embodiment of a sensor structure where double detection and 

5 compensating symmetry are applied in detection of accelerations in the Z-direction. 

According to an embodiment of the invention each of the elements Zl and Z2 may be 

implemented as a differential see-saw structure, as discussed with Figures 2 and 3. 

According to an embodiment of the invention they (Zl, Z2) may be positioned 

mutually to implement the error compensating double differential structure. As 

10 discussed earlier, in Z-direction acceleration detection, mechanical see-saw proof 

masses may be provided with electrode areas. The electrode areas may be arranged to 

interact with stationary electrodes to provide capacitances that change according to 

the distance between the electrode areas and the stationary electrodes. In the 

exemplary Figure 11, double differential detection is implemented by combining 

15 capacitances of a positively charged electrode 114P and negatively charged electrode 

114N of Zl and a positively charged electrode 115P and negatively charged electrode 

115N of Z2. The acceleration output may be arranged to correspond to capacitances: 

Aout ~ [C(114P)+C(115P)] - [C(l 14N)+C(115N)] 

20 

As shown in Figure 11, mass distributions of Zl and Z2 are advantageously arranged 

such that Zl and Z2 operate in opposite phase. Acceleration of the structure in Z-

direction thus causes Zl to tilt in one direction and Z2 in another direction. If a 

ground electrode extends over the electrodes, a deformation of the substrate 

25 supporting the ground electrodes may displace the configuration such that distance of 

electrode 114N to the ground electrode increases at the same time as the distance of 

the electrode 114P to the ground electrode decreases. The displacementthus inherently 

decreases values measured for capacitance of 114N and increases values measured for 

capacitance of 114P. The deformation tilts the elements in a similar manner so that the 

30 same is valid for distances and capacitances of 115P and 115N, i.e. the displacement 

simultaneously decreases values measured for capacitance of 115P and increases 

values measured for capacitance of 115N. It is now seen that in the acceleration 

output, these errors arising from the displacements in the configuration are mutually 

cancelled by the point symmetric positioning of the electrodes. 
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There can be a common ground electrode for both capacitor electrodes indicated in 

Figure 11 with + and - signs. In another embodiment, the electrodes for ground 

potential can be separate, and even biased. 

5 

Figure 12 illustrates a further embodiment of a sensor structure, where a symmetric Z-

axis direction sensor structure is suspended to an underlying substrate with a single 

anchor 120. The anchoring may extend with an essentially rigid support structure 121 

to the rotational springs 122. The elements Zl, Z2 are connected to the rotational 

10 springs and may pivot or rotate around the axis of the springs as disclosed in Figure 

11. In order to achieve the double differential detection and the compensating 

symmetry, the elements Zl and Z2 are point symmetrical in respect of the anchoring 

point of the anchor 120. This single point anchoring makes the anchoring even more 

insensitive to deformations of the support substrate. This further advantage is 

15 illustrated in more detail with Figure 13. 

Figure 13 illustrates three different situations A, B and C where a substrate that 

supports the sensor structure is twisted, for example due to thermal stresses. In cases 

A and B the double differential sensor structure of previous embodiments is 

20 connected to the substrate via one anchor, as disclosed in figure 12. Case A illustrates 

a situation where the anchor point is positioned to a global symmetry point of the 

substrate. When the substrate is twisted, i.e. end of the substrate are rotated in in 

different directions, the global symmetry point does not displace, and no offset error is 

generated by the twist. Case B illustrates a situation where the anchor point position 

25 is off the global symmetry point of the substrate. When the substrate is twisted, the 

structure comprising elements Zl and Z2 tilts and an offset error is created. As 

disclosed above, however, this error is eliminated by the compensating symmetry of 

the double differential detection. Case C illustrates a situation where both elements 

Zl, Z2 are separately anchored to the substrate. When the substrate is twisted, the 

30 structure moves differently under anchor of Zl and under anchor of Z2. 

Figure 14 illustrates another possible sensor structure configuration of elements Zl 

and Z2 with a single anchoring point 140. 
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Figure 15 illustrates a configuration for a 3d sensor structure according to an 

embodiment of the invention. The sensor structure may comprise X- and Y-cells 

according to some earlier embodiment of the present invention, and a Z-cell arranged 

to a position between them. As disclosed in Figure 14, dimensions of Zl and Z2 may 

5 be continued in the X-Y-plane of the sensor structure to extend beyond the Y-

dimensions of the X- and Y-cells, advantageously all the way to the outer ends of the 

X- and Y-cells in the X-direction. The increase of the masses of the opposing 

elements Zl and Z2 results in higher sensitivity in the Z-direction. This higher 

sensitivity may be obtained with the shown configuration in a compact manner and 

10 minimal use of space. 

Figure 16 illustrates results of simulations made with the compensating double 

differential structure. The simulation output shown in the lower part of Fig 16 

indicates that torques and their deforming effects in the sensor element can be 

15 eliminated as the X and Y-coordinate figure indicates. 

Figure 17 illustrates further embodiments of sensor structure matrices using the 

notions discussed earlier in the application text. The letter S symbolizes examples of 

use of a sensor structure that comprises double differential cells and/or see-saws 

20 indicated by XY and/or Z letters, to exemplify the Cartesian coordinate system for 3d-

acceleration component detection. 

Figure 18 illustrates embodiments of acceleration sensors that use the embodied 

sensor structure S. Letter S denotes a sensor or a sensor structure. Letter M denotes to 

25 a matrix that comprises a sensor or the sensor structure embodied above. Although 

four sensors of one type are indicated in one position, and two sensors of a different 

type in another position, as an example, the number of sensors or their types (X, Y, Z 

or a combination thereof) are not limited only to the indicated example. Letter D 

denotes a device that comprises a sensor or a sensor structure matrix as embodied 

30 above. Although four sensors of one type are, three in one position and one sensor of 

a different type in another position, as an example, the number of sensors or their type 

is not limited only to the indicated example. The number and/or positions of the 

sensor matrixes in the device are not limited to the shown examples only. The letter 

combination Ar demonstrates an arrangement or a system that comprises (Devices D 
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and G) at least one embodied sensor structure in the device D, and/or a device G 

according to an embodiment of the invention. The position of the letters S and M in 

some embodiments illustrates to a skilled man in the art that sensor structures in 

various embodiments can be operated independently on the position of the mastering 

5 device, whose acceleration is monitored with the sensor structure. 
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Claims 

 

1. A sensor structure matrix comprising a first sensor cell, a second sensor cell 

and a third sensor cell, each of the sensor cells having a planar structure, the first 

sensor cell including a MEMS-sensor structure that comprises:  5 

a first proof mass configured to pivot around an axis of  rotation to provide a 

first differentially coupled pair of detectable quantities including  a diminishing first 

quantity at a first location and an increasing second quantity at a second location 

mutually coupled so that said diminishing and increasing occur because of a common 

operation; and   10 

a second proof mass configured to pivot around the axis of  rotation to provide 

a second differentially coupled pair of quantities including a diminishing third 

quantity at a third location and an increasing fourth quantity at a fourth location 

mutually coupled so that said diminishing and increasing occur because of the 

common operation,  15 

wherein the first proof mass and the second proof mass are coupled for double 

differential detection and positioned symmetrically to generate quantities for the 

double differential detection in a phase shift; 

wherein the first sensor cell, the second sensor cell and the third sensor cell are 

arranged into a common plane, 20 

wherein the second sensor cell and the third sensor cell are arranged to detect 

acceleration components in the common plane, 

wherein the second sensor cell and the third sensor cell are arranged into 

parallel positions along a first direction in the common plane, 

wherein the first sensor cell is arranged to a parallel position between the 25 

second sensor cell and the third sensor cell in said common plane such that the axis of 

rotation of the first sensor cell is parallel to the first direction, 

wherein the first proof mass of the first sensor cell includes an end part that 

extends beyond the dimension of the second sensor cell and the third sensor cell in a 

second direction, and to the outer ends of the second sensor cell and the third sensor 30 

cell in the first direction, wherein the second direction is perpendicular to the first 

direction, 

wherein the second proof mass of the first sensor cell includes an end part that 

extends beyond the dimension of the second sensor cell and the third sensor cell in the 
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second direction, and to the outer ends of the second sensor cell and the third sensor 

cell in the first direction, and 

wherein the end part of the first proof mass and the end part of the second 

proof mass are on different sides of the axis of rotation.  

 5 

2. The sensor structure matrix of claim 1, wherein the phase shift is 180o causing the 

first proof mass and the second proof mass to provide quantities for the double 

differential detection in opposite phase. 

 

3. The sensor structure matrix of claim 1, the second sensor cell or the third sensor 10 

cell including:  

a frame suspended to a substrate with one or more springs: 

first capacitive elements supported by the frame; 

an anchor element connected to the substrate; 

second capacitive elements supported by the anchor element; 15 

wherein  

the detectable quantities are capacitances between the first capacitive elements 

and the second capacitive elements, the capacitances varying according to movements 

of the frame in respect of the substrate. 

 20 

4. The sensor structure matrix of claim 3, wherein the second sensor cell and the third 

sensor cell are arranged into a XY-directional planar structure in the common plane, 

and a proof mass of the second sensor cell and a proof mass of the third sensor cell are 

oriented to detect accelerations in X-direction, in Y-direction, or in X-direction and in 

Y-direction of the XY-directional structure. 25 

 

5. The sensor structure matrix of claim 1, wherein:  

the first proof mass is coupled to a first spring structure to pivot around the 

axis of rotation; 

the second proof mass is coupled to a second spring structure to pivot around 30 

the axis of rotation. 

 

6. The sensor structure matrix of claim 5, wherein the mass distributions of the first 

proof mass and the second proof mass of the first sensor cell are point symmetrical. 
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7. The sensor structure matrix of claim 6, wherein the first spring structure and the 

second spring structure are coupled to a single anchor for connection to a substrate. 

8. A sensor structure matrix of claim 4, comprising at least one sensor cell for 5

detection in the X-direction and at least one sensor cell for detection in the Y-

direction.

9. An acceleration sensor comprising the sensor structure matrix of claim 1. 

10

10. A device (D) comprising an acceleration sensor of claim 9, wherein said device 

comprises at least one of the following: 

a vehicle, cloth, shoe, pointer, compass, scales, seismometer, navigator, 

mobile device, mechanical motor, hydraulic motor, electric motor, generator, bearing 

module, centrifuge. 15

11. A system comprising at least one device of claim 10. 


