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Torsion Spring Element

The present inventionrelates to a torsion spring element suitable for performing
both rotational and translational movements.

Micro-electro-mechanical systems (MEMS) often use spring mechanisms that are
highly specialized. Such spring mechanisms, for example, can enable a very well
guided, straight-line movement with very good linearity of the force-displacement
curve alongone direction, while no movement is possible in directions
perpendicular to this, to a first approximation. Similarly, torsion springs are well
known that enable purely rotational movements without linear movement.

In modern and complex MEMS designs, however, spring mechanisms have to fulfill
various tasks, which often cannot be achieved with the previouslyused spring
mechanisms specialized in one type of movement. Rather, different spring
mechanisms must be combined with each other, such as a torsion springand a
linear spring. This inevitably leads to a large space requirement. In addition, the
individual springmechanisms can block each other so that the optimally achievable
deflections of the individual spring mechanisms cannot be achieved in this
combination. The large space requirement also increases the risk of process
fluctuations occurring over the surface of the combined spring mechanism during
fabrication of the MEMS, e.g., by etching, due to which spring characteristics vary
within the spring mechanism.

Embodiments of the present invention provide a compact torsion spring element
that can perform a wide variety of movements.

According to an aspect of the present invention, there is provided a torsion spring
element rotatably connected to a substrate and suitable for use in micro-electro-
mechanical devices, wherein the torsion spring element can be twisted relative to
the substrate, as well as moved linearly relative to the substrate; the torsion spring
element is designed in one piece and includes: a frame structure; an anchor
structure preferably arranged within the frame structure; and spring structures
connecting the anchor structure to the frame structure; the anchor structure
connects the spring structures and the frame structure to the substrate; the frame
structure, with deformation of the spring structures, moves as a whole relative to
the anchor structure to produce rotational movements and linear movements of the
torsion spring element relative to the substrate; and the spring structure has at
least one pairing of two bending beam springs which extend from the anchor
structure at an angle not equal to 0°, each have a kink, converge towards each
other after the kink, meet at the frame structure, and are connected to the frame
structure at that point.

"Designed in one piece" means that the torsion spring element is not a combination
of spring mechanisms that would also function on their own. It is therefore not
possible to remove components or connecting elements from the torsion spring



element, without seriously impairing the functionality of the torsion spring element.
In contrast, with a combination of several spring mechanisms that can also be used
individually, the connection between the spring mechanisms can always be

removed, without impairing the function of the individual spring mechanisms.

The one-piece design of the torsion spring element makes it possible to achieve a
rotatable and simultaneously linearly displaceable mounting of MEMS components

above the substrate, without increasing the space required for this.

For this purpose, the torsion spring element can comprise a frame structure, an
anchor structure preferably arranged within the frame structure, and spring
structures, which connect the anchor structure to the frame structure. In doing so,
the anchor structure connects the spring structures and the frame structure to the
substrate, and the frame structure, with deformation of the spring structures,
moves as a whole relative to the anchor structure to produce rotational movements

and linear movements of the torsion spring relative to the substrate.

The torsion spring element thus has an external frame structure that can be used
to connect other MEMS components to the torsion spring element. The frame
structure shifts and/or twists relative to the substrate and the anchor structure,
with deformation of the spring structures that hold the frame structure above the
substrate. Both rotations and translations are mediated by the spring structures.
Thus, there is no plurality of spring mechanisms. In this way, the torsion spring
element can be designed in one piece and compactly. In so doing, the frame
structure itself can be more or less rigid. The frame structure can therefore perform
rotations and translations in a dimensionally stable manner. However, it can also

consist entirely or partially of segments that themselves have spring properties.

The spring structure can comprise at least one pairing of two bending beam springs
extending from the anchor structure at an angle not equal to 0°, each having a
kink, converging towards each other after the kink, meeting at the frame structure

and being connected to the frame structure at that point.

Thus, starting from the anchor structure, two bending beam springs fan out. The
distance between the bending beam springs increases with increasing distance from

the anchor structure, before the bending beam springs converge again to connect to



each other at the frame structure and to the frame structure. The change in
direction that occurs in the course of the bending beam springs is herein referred to
as a "kink". However, this is only to describe the fact of the change in direction and

also includes rounded bends or gradual changes in direction.

The two bending beam springs thus form approximately a quadrangle, one opposite
pair of corners of which are the connections to the anchor and frame structures and
the other opposite pair of corners of which are the kink points. The corners
corresponding to the kink points can be rounded, so that the quadrangle has
degenerated into a biconvex lens shape. In doing so, the quadrangle can preferably
have the shape of a dragon quadrangle, more preferably the shape of a rhombus,
and even more preferably a square shape (or the corresponding degeneration into a

lens shape).

Each of the bending beam springs can deform in a well known way. Due to the
existing kinks and the opposing connections of the bending beam springs, both
linear and rotational movements of the connection point to the frame structure in
relation to the connection point to the anchor structure can be produced. If both
bending beam springs compress or stretch by the same amount, the two connecting
points move towards or away from each other on a straight line. If one bending
beam spring compresses while the other stretches, a rotational movement results.
By applying different loads to the bending beam springs, different movement
patterns can be achieved in a simple way. In particular, linear movements along

several directions are possible.

A torsion spring of this type can therefore cope with complex requirement profiles,
without having a larger space requirement. In addition, the bending beam springs

do not restrict their mutual mobility, whereby maximum deflection can be achieved.

The spring structures can have a plurality of pairings of bending beam springs as
described above. Adjacent bending beam springs of different pairings can extend
straight and in parallel from the anchor structure to the respective kink. Thus, two
bending beam springs always run outwards in parallel from the anchor structure.
At a predetermined point, the bending beam springs bend or kink away sideways to
meet the other bending beam spring of the respective pairing at the frame structure.

This stabilizes the torsion spring in several directions. This allows MEMS



components to be connected to the torsion spring from different directions. In
addition, more movement patterns can thereby be guided safely. This allows the

torsion spring to be used more flexibly.

The spring structures can have the plurality of pairings of bending beam springs,
with all the bending beam springs of the different pairings extending at the same
angle from the anchor structure. This creates a symmetrical design of the torsion
spring, which is more stable against loads. This makes the torsion spring more

reliable.

The frame structure can be a rectangular frame open on one longitudinal side, and
the anchor structure can be a base connected to the substrate and located centrally
on the open longitudinal side of the frame. A first bending beam spring runs from
the base parallel to the longitudinal direction of the frame to a first end of the
frame, kinks at 90° there and runs to a first corner of the frame and is connected to
the frame at that point. A second bending beam spring runs from the base
perpendicular to the longitudinal direction to a closed longitudinal side of the
frame, kinks at 90° there and runs to the first corner of the frame and is connected
to the frame at that point. A third bending beam spring runs from the base parallel
to the longitudinal direction of the frame and opposite to the first bending beam
spring to a second end of the frame, kinks at 90° there and runs to a second corner
of the frame and is connected to the frame at that point. A fourth bending beam
spring runs from the base parallel to the second bending beam spring
perpendicular to the longitudinal direction to the closed longitudinal side of the
frame, kinks at 90° there and runs opposite to the second bending beam spring to
the second corner of the frame and is connected to the frame at that point. This
concrete structure makes it possible to achieve having rectangular torsion spring
elements that can perform both rotations and linear movements relative to a

substrate.

The frame structure can be a square frame, and the anchor structure can be a base
connected to the substrate at the center of the frame. In so doing, eight bending
beam springs run in pairs of two parallel running bending beam springs each from
the base towards the frame, kink at 90° at the frame and run parallel to the frame
to the nearest corner of the frame and are connected to the frame at that point. This

concrete structure makes it possible to achieve having square torsion spring



elements that can perform both rotations and linear movements relative to a
substrate. These square torsion spring elements correspond to a doubling of the

rectangular torsion spring elements described above.

The frame structure can also be a circular frame, and the anchor structure can be a
base connected to the substrate at the center of the frame. Pairs of two parallel
running bending beams can each run like the spokes of a wheel from the base
towards the frame, kink at 90° at the frame and run along the frame. Adjacent
bending beam springs from adjacent pairs then meet in the middle between their
respective kink points and are connected to the frame at that point. This makes it
possible to have round torsion spring elements. The spring constant of such torsion
springs can be adjusted via the number of "spokes", i.e., via the number of bending

beam springs.

With the basic structure of the bending beam springs initially running away from
each other and then running towards each other again, which are connected to the
anchor structure on one side and to the frame structure on the other side, a variety
of different torsion spring elements can therefore be constructed. Common to all
these torsion spring elements is that they are designed in one piece and are capable

of performing both rotational and linear movements relative to the substrate.

This will be explained further below with reference to the attached figures. However,
the following description is purely exemplary. The invention is defined solely by the

subject matter of the claims.

Fig. 1 shows a schematic representation of a torsion spring element;

Fig. 2 shows schematic representations of another torsion spring element;

Fig. 3 shows schematic representations of various other torsion spring
elements;

Fig. 4 shows schematic representations of various other torsion spring
elements;

Fig. 5 shows schematic representations of various other torsion spring



elements;
Fig. 6 shows a schematic representation of another torsion spring element;
Fig. 7 shows a schematic representation of another torsion spring element;
Fig. 8 shows a schematic representation of a rotation of the torsion spring

element of Fig. 6; and

Fig. 9 shows a schematic representation of a translation of the torsion spring

element of Fig. 6; and

Fig. 10 shows a schematic representation of another torsion spring element.

In the following text, different variants will, with reference to the figures, be
explained for a torsion spring element 100 designed in one piece, which can
perform both rotational movements and linear movements relative to a substrate
200 to which it is connected. It goes without saying that not all variants for such
torsion spring elements 100 can be discussed. The following explanations are
therefore purely exemplary. The compact design of the present torsion spring
elements 100 is decisive, which results from the one-piece design with

simultaneous suitability for rotation and translation.

An example of such a torsion spring element 100 is shown schematically in Fig. 1.
The torsion spring element 100 is mounted above a substrate 200 by means of an
anchor structure 120. In so doing, the substrate 200 can be considered part of the
torsion spring element 100. In particular, the torsion spring element 100 is
fabricated from or on the substrate by process steps of semiconductor and/or

MEMS technology known per se, e.g., by various etching steps.

Connected to the anchor structure 120 of the torsion spring element 100 are spring
structures 130, which connect the anchor structure 120 to a frame structure 110.
The frame structure 110, with deformation of the spring structures 130, moves
relative to the substrate 200 and the anchor structure 120. Additional components
of an MEMS device in which the torsion spring element 100 is used are therefore

connected to the frame structure 110.



Frame structure 110, anchor structure 120 and spring structures 130 are only
depicted purely symbolically in Fig. 1. Thus, the frame structure 110 and the
anchor structure 120 can, in principle, have any shape as long as they can be
movably connected by the spring structures 130. The frame structure 110 can also
be relatively inflexible or at least in parts have spring properties that also allow
relative movements of individual parts of the frame structure 110 against each
other, such as vibrations of the various parts in opposite directions. The
representation of the spring structures 130 as spiral springs also only serves to
symbolically identify their spring properties. The spring structures 130 can have
any shape that can be produced using semiconductor and/or MEMS processes that
allow the frame structure 110 to be twisted or displaced relative to the anchor
structure 120, as depicted by arrows A and B in Fig. 1. In particular, the spring
structure 130 may allow any linear movement parallel to the substrate 200, i.e.,

parallel to the image plane of Fig. 1.

As can already be seen from the schematic representation of Fig. 1, the torsion
spring element 100 does not consist of multiple components that can enable
rotation or translation on their own, but is built as a single piece. It is therefore not
possible to separate the rotation function from the translation function by removing
individual components of the torsion spring element 100. The torsion spring
element 100 is thus characterized by a compact design, which creates the

multifunctionality of the torsion spring element 100.

A possible implementation of the torsion spring element 100 is shown in Fig. 2. The
torsion spring element 100 has the frame structure 110, which is in principle of any
design, within which the anchor structure 120, which is also in principle of any
design, is located. Although the frame structure 110 is shown therein as a closed
structure, it may also be open. Also, the anchor structure may be located outside

the frame structure 110.

Here, the spring structures 130 are a pairing 135 of bending beam springs 132
extending from the anchor structure 120 to the frame structure 110. The bending
beam springs 132 initially diverge, have a kink 133 and then run towards each

other in such a way that they meet at the frame structure 110 (cf. Fig. 2a)).



As shown in Figs. 2b) and 2c¢), this design of the spring structures 130 allows both
linear relative movements between frame structure 110 and anchor structure 120
and rotational movements. By deforming the bending beam springs 132
accordingly, various linear movements can also be achieved. In addition to the
diagonal movement shown in Fig. 2b), which is produced by the joint
compression/stretching of both bending beam springs 132, movements in the
horizontal direction can be produced, for example, by the fixed position of the
horizontal sections of the paired bending beam springs when the vertically standing
sections are deformed. Furthermore, compressing one bending beam spring 132
while simultaneously stretching the other bending beam spring 132 causes the
frame structure 110 to rotate about the anchor structure 120. The pairing 135 of
bending beam springs 132 thus makes the torsion spring element 100

multifunctional with the smallest space requirement.

The bending beam springs 132 are depicted in Fig. 2 in such a way that they
enclose a rectangle or square in the relaxed state. The kink 133 is therefore an
abrupt change of direction. As depicted in Figs. 3a) to 3c), the kink 133 can also be
understood more generally as a change of direction that occurs gradually (Figs. 3a)
and 3b)) or in several stages (Fig. 3c)). The decisive factor here is that the bending
beam springs 132 initially run away from each other and then towards each other
again. However, bending beam springs 132, which consist of straight segments, are

easier to fabricate in this process by means of lithographic methods.

The connection between the pairing 135 of bending beam springs 132 and the
frame structure 110 can also be formed arbitrarily, in particular, at any point on
the frame structure 110. As shown in the figures, the frame structure 110 can have
a web or the like into which the bending beam springs 132 open out. However, the
bending beam springs 132 can also open out directly into the frame structure 110
and be slightly spaced apart for this purpose. This is harmless as long as imaginary
extensions of the bending beam springs 132 intersect in the frame structure 110 or

in the area of the frame structure 110.

As will be discussed with reference to the following figures, the spring structures
130 may comprise a plurality of pairings 135 of bending beam springs 132 as
described above. This allows the torsion spring element 100 to be stabilized in

various directions and the spring constants for linear movements and rotations of



the torsion spring element 100 to be set (almost) at will by positioning and

designing the bending beam springs 132.

From a process engineering point of view, it can be advantageous if adjacent
bending beam springs 132 of adjacent pairings 135 extend in parallel to each other
away from the anchor structure 120. The parallel guidance of the bending beam
springs 132 facilitates fabrication by means of an etching process, since only a

linear trench between the parallel bending beam springs 132 has to be etched.

As shown in Fig. 4, these parallel bending beam springs 132 may extend radially
outwards like the spokes of a wheel before kinking and converging with the other
bending beam spring 132 of their pairing 135 towards the frame structure. In this
process, the "spokes" can be equally or irregularly distributed around the

circumference of the wheel.

As shown in Fig. 4a), the bending beam springs 132 can run up to the frame
structure 110 (there a circular frame), kink there and run towards each other
parallel to the frame structure. The connection to the frame can then be
symmetrical between the kink points 133, for example. However, the connection
can also be arranged asymmetrically. This arrangement also has the advantage that
the bending beam springs 132, which run parallel to the frame, can be fabricated
relatively easily by etching processes by etching a trench between frame structure

110 and bending beam spring 132.

Alternatively, the bending beam springs 132 can also kink in an uncontrolled
manner after the parallel course and have, for example, round or stepped kink
points 133. The bending beam springs 132 of the different pairings then run
towards each other in any shape that is advantageous for the desired spring

properties. This allows for greater flexibility.

However, the bending beam springs 132 of different pairings 135 do not necessarily
need to extend away from the anchor structure in a parallel manner. There may
also be an arbitrary angle between the bending beam springs 132 of adjacent
pairings 135. This also increases the flexibility in the design of the torsion spring

element 100.
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Another alternative for the design of the pairings 135 is shown in Fig. 5. This allows
the two bending beam springs 132 of each pairing 135 to enclose the same angle a.
This allows the spring constant to be kept constant over a greater angular range

relative to rotational movements.

Examples of this are shown in Figs. 5a) and 5b). In Fig. 5a), the sum of the
intermediate angles 3a is less than 360°. Adjacent pairings 135 therefore do not
have parallel bending beam springs 132. If advantageous, the pairings 135 can be
distributed unevenly and non-rotationally symmetrically around the anchor
structure 120, as shown in Fig. 5a). However, with a symmetrical design, the

linearity of the spring constants improves in relation to rotations.

Particularly advantageous are embodiments in which the torsion spring element
100 is built symmetrically with straightly running bending beam springs 132 that
run as parallel as possible to each other and to the frame structure 110. This is
shown in Fig. 5b) for a torsion spring element with rotational symmetry for 120°
rotations. The bending beam springs 132 of the individual pairings each enclose an
angle of 120°. All bending beam springs 132 initially run perpendicular to a
triangular frame serving as frame structure 110. In doing so, bending beam springs
132 of adjacent pairings 135 run in parallel. On the frame, all bending beam
springs kink at 90° and run towards the corners of the triangular frame. There they
open out into webs of the frame structure 110 and thus connect the anchor

structure 120, which is formed as a base, to the frame structure 110.

This torsion spring is linear for large angles of rotation. In addition, it has the same
spring constant for linear movements in the directions of each of the triangular
corners. This torsion spring element 100 is therefore particularly suitable for MEMS
with three-count or six-count symmetry, i.e., for example, for a MEMS constructed

from honeycombs.

Similarly, Fig. 6 depicts a torsion spring element 100 suitable for MEMS with a
rectangular or square base structure. The torsion spring element 100 has a square
frame as frame structure 110. From an anchor structure 120 formed as a base at
the center of the square frame, eight bending beam springs initially extend
perpendicular to the outer wall of the frame to then kink at 90° at the frame and

run parallel to the frame towards the corners of the frame. There they open out into
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connecting webs or bases. The four pairings 135 of bending beam springs 132 thus

each form a square or rectangular frame.

The torsion spring element 100 of Fig. 6 has a highly linear spring constant in
relation to rotations. Furthermore, the linear movements of the torsion spring
element 100 can be divided into four main directions with respective spring
constants. The frame of the torsion spring element 100 can move horizontally,
vertically, as well as along the two diagonals of the square. Due to the symmetrical
design of the torsion spring element 100, the spring constants for movements in
horizontal and vertical direction (i.e., parallel to the sides of the frame) are the
same. Similarly, the spring constants for the two diagonal movements are the same,

but differ from the spring constant for horizontal /vertical movements.

Fig. 6 also shows a possible variation of the anchor structure 120 using hatched
square surfaces. These surfaces lie within the pairings 135 of bending beam springs
132. When fabricating the torsion spring element 100, it may be advantageous to
leave such surfaces in an etching process. The bending beam springs 132 can then
be formed by etching straight trenches on both sides of the bending beam springs
132. On one side of a bending beam spring 132 the frame structure 110 remains,
on the other side the anchor structure 120. As a result, the torsion spring element

110 can be fabricated in a simple manner using well known fabricating processes.

Fig. 7 shows another variant of the torsion spring element 100. The torsion spring
element 100 of Fig. 7 can be understood as a bisection of the torsion spring element
100 of Fig. 6. Accordingly, the torsion spring element 100 of Fig. 7 (with the same
size of the longitudinal sides of the torsion spring elements 100 and the same
dimensioning of the internal components) has spring constants that are only half as
large as the spring constants of the torsion spring element 100 of Fig. 6. In
particular, torsion spring elements 100 arranged at different points on the
substrate 200, as shown in Figs. 6 and 7, can be etched in the same process step
so that bending beam springs 132, frame structures 110 and anchor structures 120
have exactly the same dimensions. This allows systems to be implemented for
which a combination of different torsion spring elements 100 with matching spring

constants is advantageous.

In the torsion spring element 100 of Fig. 7, the anchor structure 120 is located at
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the center of the open longitudinal side 111 of the rectangular frame structure 110
created by bisecting the torsion spring element of Fig. 6. A first bending beam
spring 132a and a second bending beam spring 132b form a pairing 135 of bending
beam springs 132, as do a third bending beam spring 132c and a fourth bending
beam spring 132d. In this process, the first and third bending beam springs 132a,
132c initially run in opposite directions parallel to the longitudinal direction of the
frame structure 110 towards a first end 112 and a second end 116 of the frame,
respectively. There they kink at 90° and run towards a first corner 114 and a
second corner 118, respectively, where they are connected to the frame via
respective bases. Perpendicular to the open longitudinal side 111 and parallel to
each other, the second and fourth bending beam springs 132b, 132d run towards
the closed longitudinal side 113 of the frame, kink at 90° there and run parallel to
the closed longitudinal side 113 to the first and second corners 114, 118,
respectively, in order to also open out into the bases at that point. Thus, the
bending beam spring 100 of Fig. 7 corresponds exactly to the bisection of the
bending beam spring of Fig. 6.

For better illustration, Figs. 8 and 9 show a rotational movement and a linear

movement of the torsion spring element 100 of Fig. 6.

In Fig. 8, the frame structure 110 of the torsion spring element 100 is twisted
clockwise relative to the anchor structure 120. Due to this rotation, one bending
beam spring 132 of each of the four pairings 135 stretches in each case, while the
other bending beam spring 132 compresses. Depending on the dimensions of the
bending beam springs 132, the anchor structure 120 and the frame structure 110,

this allows relatively large rotations.

As shown in Fig. 9, the same torsion spring element 100 can also achieve linear
displacements of the frame structure 110 relative to the anchor structure 120, e.g.,
in horizontal direction. In so doing, in particular, the sections of the bending beam
springs 132 that are perpendicular to the direction of translation bend, while the
sections that are in the direction of translation only compress slightly due to the
pressure. Since the torsion spring element 100 is built symmetrically,
displacements upwards, downwards, left and right occur with the same spring
constant. Displacements along the diagonals can be seen as a combination of the

purely horizontal and vertical movements and thus occur with correspondingly
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combined spring constants. In this process, the displacement amplitudes can be

relatively large.

As explained above, various functionalities can be achieved in a small space by
means of torsion spring elements that are designed in one piece. This offers the

possibility to provide novel and/or improved MEMS devices.

Fig. 10 shows a variation of the torsion spring element 100 of Fig. 6, in which the

frame structure 110 has flexible sections depicted as springs 115 in Fig. 10.

As a result, the torsion spring element 100 has different translational modes. On
one hand, translational modes in which the left and right halves of the torsion
spring element 100 vibrate in the same direction, i.e., in common mode. These

modes correspond essentially to the translations described with reference to Fig. 9.

On the other hand, translational modes can also be induced in which the springs
115 are deformed in such a way that the left and right halves of the torsion spring
element move in opposite directions to each other, i.e., in push-pull mode. This is

indicated in Fig. 10 by the arrows below the torsion spring element 100.

It goes without saying that springs 115 may alternatively or additionally be
accommodated by the parts of the frame structure 110 running vertically in Fig. 10
to cause the halves of the torsion spring element 100 shown on the right and left-

hand side to vibrate downward and upward in opposite directions.

The use of partially or fully flexible frame structures 110 can thus provide further

flexibility to the functionalities of the torsion spring elements 100 described above.
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Claims

1. A torsion spring element (100) rotatably connected to a substrate (200)
and suitable for use in micro-electro-mechanical devices, wherein
the torsion spring element (100) can be twisted relative to the sub-
strate (200), as well as moved linearly relative to the substrate (200);
the torsion spring element (100) is designed in one piece and com-
prises:
a frame structure (110);
an anchor structure (120) preferably arranged within the frame
structure (110); and
spring structures (130) connecting the anchor structure (120) to
the frame structure (110);
the anchor structure (120) connects the spring structures (130) and
the frame structure (110) to the substrate (200);
the frame structure (110), with deformation of the spring structures
(130), moves as a whole relative to the anchor structure (120) to produce
rotational movements and linear movements of the torsion spring element
(100) relative to the substrate (200); and
the spring structure (130) has at least one pairing (135) of two bending
beam springs (132) which extend from the anchor structure (120) at an angle
not equal to 0°, each have a kink (133), converge towards each other after
the kink (133), meet at the frame structure (110), and are connected to the

frame structure (110) at that point.

2. The torsion spring element (100) according to claim 1, wherein

the spring structure (130) comprises a plurality of said pairings (135)
of bending beam springs (132); and

adjacent bending beam springs (132) of different pairings (135) extend
straight and in parallel from the anchor structure (120) to the respective
kink (133).

3. The torsion spring element (100) according to either claim 1 or 2,
wherein

the spring structure (130) comprises a plurality of said pairings (135)
of bending beam springs (132); and

all bending beam springs (132) of the different pairings (135) extend

at the same angle from the anchor structure (120).
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4. The torsion spring element (100) according to any one of claims 1 to 3,
wherein

the frame structure (110) is a rectangular frame open on one longitu-
dinal side (111);

the anchor structure (120) is a base connected to the substrate (200)
and located centrally on the open longitudinal side (111) of the frame;

a first bending beam spring (132a) runs from the base parallel to the
longitudinal direction of the frame to a first end (112) of the frame, kinks at
90° there and runs to a first corner (114) of the frame and is connected to
the frame at that point;

a second bending beam spring (132b) runs from the base perpendicu-
lar to the longitudinal direction to a closed longitudinal side (113) of the
frame, kinks at 90° there and runs to the first corner (114) of the frame and
is connected to the frame at that point;

a third bending beam spring (132c) runs from the base parallel to the
longitudinal direction of the frame and opposite to the first bending beam
spring (132a) to a second end (116) of the frame, kinks at 90° there and runs
to a second corner (118) of the frame and is connected to the frame at that
point; and

a fourth bending beam spring (132d) runs from the base parallel to the
second bending beam spring (132b) perpendicular to the longitudinal direc-
tion to the closed longitudinal side (113) of the frame, kinks at 90° there and
runs opposite to the second bending beam spring (132b) to the second corner

(118) of the frame and is connected to the frame at that point.

5. The torsion spring element (100) according to any one of claims 1 to 3,
wherein

the frame structure (110) is a square frame;

the anchor structure (120) is a base connected to the substrate (200)
at the center of the frame; and

eight bending beam springs (132) in pairs of two parallel running bend-
ing beam springs (132) each run from the base towards the frame, kink at
90° at the frame and run parallel to the frame to the nearest corner of the

frame and are connected to the frame at that point.

6. The torsion spring element (100) according to any one of claims 1 to 3,
wherein

the frame structure (110) is a circular frame;
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the anchor structure (120) is a base connected to the substrate (200)
at the center of the frame;

pairs of two parallel running bending beams (132) each running like
the spokes of a wheel from the base towards the frame, kinking at 90° at the
frame and running along the frame; and

adjacent bending beam springs (132) from adjacent pairs meet in the
middle between their respective kink points (133) and are connected to the

frame at that point.
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