WO 2012/ 120190PCT/ F12012/ 050194 SPRI NG STRUCTURE, RESONATOR, RESONATOR
ARRAY AND SENSOR I ntroduction The invention relates generally to resonator

t echnol ogyo 201120@0e specifically the invention rel at espre/®i5680894 and, in
t hese, specifically to the elimnation of error by nmeans of such a 5 spring
structure as is presented in the preanble of the independent claimrelating
toit. The invention also relates to a resonator as is said in the preanble
of the independent claimrelating to a resonator. The invention al so

rel at es tSPRINGSTRUCTURE RESONATOR, RESANAMORARRAE ANIDI SENSORhe | ndependent
claimrelating to a resonator array. The invention also relates to a sensor
as is sailstroductianpr eanbl e of the independent claimrelating to a sensor.
The 10i nventlon also relates to a sensor éstem whi ch has _at |east one
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accel er atangular vélecitytsensorure is not preferred, since the nasses deflect nore

easily (the frequency of the node is |ower) in-phase than opposite phase,
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I N- phase.veldity Bénsors, it is thought to be preferable to design a coupling spring between moving
masses, which spring would allow their opposite-phase motion and, at the same time, resist
20  the common mode motion of the masses. Such an arrangement is indeed used particularly to
separate mechanical strikes from an actual signal. In this case, a signal to be detected from
the masses is differenfial, whereas acceleration affecting them jointly causes a common mode

deflection.

A simple coupling resonator is composed of two masses (m1, m2) and three similar one-
25 dimensional springs (S1, 52, S3) according to Fig. 1. Such a structure efficiently separates
the common mode motion of the masses (m1, m2) from the differential of the mode.
However, in regard'_ to sensitivity to acceleration, the structure is not preferred, since the
masses deflect more easily (the frequency of the mode is lower) in-phase than opposite
phase, because the coupling spring does not participate in the motion of the in-phase. In the
30 diagrammatic view of a simple coupled resonator in Fig. 1, its spring coupling masses is a

similar one-dimensional spring as the others.

Particularly, Bosch has in US 6,752,017 B2 described a coupled spring structures for such a
gyro of a Z-axis, in which the motion of detection is the opposite phase oscillation of the
masses on a common axis of motion. Common to these spring structures of known art is that

35 they participate in defining frequencies of both primary and secondary modes and the factor
that they are placed between adjacent masses to be coupled.
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the direction of the y-axis.

A seesaw suspension as described above forms a workable solution as such with masses

25 moving on unidirectional and parallel axes, but thinking about a tightly packed structure it
takes up a great amount of space. Such a in a sense wasteful opposing structure, equipped
with masses moving on a common axis, is roughly illustrated in Fig. 3. From Fig. 3 it is clearly
apparent that such a structure takes up nearly the entire space between the masses, which
earlier was used for the excitation comb structures of the primary motion.

30 Solutions according to known art have indeed aimed at solving the problem of how to design
for the masses a coupling suspension, which would prevent their in-phase motion, but would
not participate in the primary motion in the direction of the y-axis. '

Bosch patent docurhent WO 2010/034556 A3 also discloses a suspension composed of four

corner elements, which could be adapted also to the secondary mode coupling of an angular

35 velocity sensor. Because the attachment points to the base are constructed in its outer

' corners, this results in deformations caused by, for example, a change in temperature, which

cause strains and change the resonance frequencies of the structure. The tension removing

structures added between the corner elements decrease the strains, but take up a great
amount of space.
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Using practical dimensioning, the suspension is approximately 4 times stiffer to a deviation of
the same mode, whereas, using the solutions attached from the corners, even more than six

~ times greater stiffness can be reached.

Although using spring solutions according to Figs. 2-4 many of the problems of known art
25 have been successfully solved, it is, however, due to the widely varied natures of
interferences, quite difficult to find a generally effectual solution to all problems. In above
earlier described situations, one problem of known art relates to interferences, in which a
mechanical interference couples to the resonator via linear acceleration. In this case, by a
spring structure according to the invention, the problems of known art can be solved or at
30 least their influence can be mitigated. The purpose of the invention is indeed to present a new
spring solution oscillating in a pure mode to be used also in a differential linear resonator to

eliminate mechanical interferences caused by linear acceleration.

A spring structure according to the invention is characterized by what is presented in the
characterizing part of the independent claim relating to it.

35 A resonator according to the invention is characterized by what is presented in the
characterizing part of the independent claim relating to it.

A resonator array according to the invention is characterized by what is presented in the
characterizing part of the independent claim relating to it.
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are two spring structures according to an embodiment of the invention coupled using a
connecting stiff member as opposite phase oscillators, which both have two masses coupled
into opposite phase }oscillations.

25 In a resonator according to the invention, there is at least one spring structure according to
an embodiment of the invention. '

In a resonator array according to the invention‘, there is at least an resonator according to one
embodiment of the invention.

A sensor according to the invention can be implemented using a resonator according to an
30 embodiment of the invention.

In a sensor system according to the invention, there is at least an sensor according to an
embodiment of the invention.

Other embodiments of the invention are presented in the dependent claims. The
embodiments of the invention can be combined as appropriate. Examples according to
35 embodiments of the invention are described in the description as well as in the figures relating
to it. In the figures, there are used the same reference markings from similar types of parts,
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Fig. 4 Illustrates a structure according to known art, in which the spring structure
couples masses oscillating on a common axis,

Because Figs. 1-4 refer to art known per se, as is said above, in the following are presented

15 examples by making reference to Figs. 5-12 in order to illustrate embodiments of the
invention presented in the present application. In this case, there is no desire to limit the
embodiments only to embodiments according to the presented examples, nor only according
to the relative dimensions revealed in the figures. The embodiments of the invention can be
combined with one another as appropriate.

20 Fig. 5 illustrates a spring structure according to an embodiment of the invention,
Fig. 6 illustrates the function of an embodiment of the invention, in the opposite phase
mode,
Fig. 7 illustrates the function of an embodiment of the invention in eliminating the co-
phase mode,
25 Fig. 8 illustrates a suspension according to an embodiment of the invention in a

secondary resonator of an angular velocity sensor,

Fig. 9 illustrates a double-differentially coupled spring structure according to an
alternative embodiment of the invention,

Fig. 10 illustrates the formation of a capacitive signal according to an embodiment of
30 the invention,
Fig. 11 illustrates resonator arrays according to an embodiment of the invention, and

Fig. 12 illustrates a sensor system according to an embodiment of the invention.
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which yield at an oblique angle in relation to the axis of motion of the resonators.
15  Although, for illustrative purposes, designations have been used for these, in which 45
refers to an oblique angle according to the number, there is no desire for the angle used
in embodiments of the invention to be exclusively a 45° angle. Nor is there any desire to
limit the embodiments of the invention only to such types, in which the angle of the left
spring Sl45 of the vspring structure would be symmetrical in relation to the angle of the
20 spring Sr45 on the right side. Nor is there any desire to limit either of said angles
between the springs as measured in relation to the longitudinal direction of the horizontal
left side spring Shi, nor in relation to the longitudinal direction of the horizontal right
side spring Sh2. According to an asymmetrical embodiment of the invention, the
influence of a different angle can be compensated by influencing on the spring constants
25  of the springs through their dimensions and/or material selections in a manner according
to art known per se in those embodiments, in which taking into consideration the space
requirements of an oblique angle gives cause for an asymmetrical angle solution in the
angle between the springs Sh1 and SI45 or the angle between the springs Sh2 and Sr45.
Oblique springs Si45 and Sr45 are coupled from their other end to the base in its
30 anchoring points A.

According to an embodiment of the invention, at least one of the springs Shi, Sh2, L, E,

Sl45, Sr45 is arranged to be stiff in relation to the longitudinal direction. According to the

embodiment of the invention, at least one of said springs is arranged to be yielding in the

perpendicular direction in relation to its longitudinal axis, wherein the motions of the
35 springs illustrated by means of Figs. 5 and 6 using arrows are achieved.

According to an embodiment of the invention, at least one spring is flat-modelled, in
other words substantially a rectangular prism, in which the length is at least 1.5 times,
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20 Fig. 8 presents, as a part of an angular velocity sensor structure 501, 801, a suspension
according to an embodiment of the invention. In this implementation of a structure, the
suspension is coupled to the masses by long beam springs, which yield in the direction of
the primary motion (x), but transmit secondary motion (y) to the coupling suspension.
Fig. 8 presents, for illustrative purposes, the following parts 1-20, wherein the person

25 skilled in the art will better understand the function of spring structures according to the
embodiments. The terms up, down, to the side, to the left, to the right are used
according to a western reading direction of the presentation media when illustrating
directions per se for making reference, but, however, without limiting the directions of
use of structures according the embodiments only according to them.

30 Fig. 8 presents the primary motion capacitive detection comb of the lower mass, which is
shown in Fig. 8. In Fig. 8 is also a primary anchor 7, which, in turn, is attached to the
substrate and/or the lid of the structure, to attach the component of the primary
resonator to the frame. In a corresponding manner to the upper mass, by means of the
same sketched mark, is shown a corresponding part. In a differentially implemented

35 embodiment, the detection combs 1 of the upper part (for example, 901) and the lower
part (for example, 902) of Fig. 9 can function together in an opposite phase mode,
wherein separating the signal from noise and other similar interference is easier.
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35 possible and which transmits the motion of the mass to a coupling suspension. Although
in Fig. 13 is indeed shown one mass end at the top of the figure, this is not intended to
limit the embodiments of the invention to only according to what is shown.
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The embodiment shown in Fig. 8 has an asymmetry between the edges of the left and

right sides as is shown in the figure. This is due to the masses being, according to the

embodiment example, arranged to be mobile in the direction of the x-axis in the

opposite-phase and from these that primary motion is detected as differential, wherein
30 for the placement of the combs 1, 7 it is preferable that they be on the same side.

The opposite-phase motion per se can, in turn, be excited electrostatically according to
an embodiment using a single-end voltage to the comb system 16, in order that possible
crosstalk caused by stray capacitances are cancelled as symmetrical out in the
differential detection as are also external interferences.

35 According to an alternative embodiment of the invention, the spring structure can also
function, for example, in the primary resonator of a tuning fork-type sensor, in this case
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an enbodirgets & thﬁeopqw@;mqsgrpf the phases in said parts, wherein the interferences

coupling into the system formed by the parts can better yet be eliminated.

Additionally, if desired, given modes can be attenuated electrically by means of a

capacitive coupling and the influence of the tractive force between the plates of the
30 condenser, when to given plates of the condensers is introduced voltage in the right

phase for attenuation, wherein the tractive force between the plates of the condenser can

be utilized in attenuating motion. According to another embodiment of the invention, the

condensers can also be utilized in exciting as an aid for the maintenance of a given

oscillation mode, when introduction of voltage is phased in a different manner than in
35  attenuation.

Fig. 10 illustrates the use of an embodiment according to the embodiment of Fig. 9 for
forming capacitive signals by means of variable capacitances Cal, Cb1, Ca2 and Cb2. In
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signal, these is no desire to limit the invention only to parallelism, rather only either one

of the outputs can also be implemented according to corresponding embodiments.

35 The advantages of the invention in comparison to known art are small use of space as
well as an exceptionally slight stiffness to opposite-phase deflections. Adding a coupling



13 according to the invention to the sensor structure thus does not
significantly decrease its nmechanical sensitivity. The attachnent points to
t he massagyobhi26is§pensi on according to the invention aperrefmaiedian the
same straight line in the direction of the axes of notion. Due to this, the
S5reactive forces of the spring do not cause nonent to the masses, like, for
exanpl e, a seesaw spring. Additionally, the location of the anchor points
cl ose to each other inproves the robustness of the solution, for exanple,

t o torsi Gsordingstedheynventien fathesensenplaudurs husiderg ast sigaificanty decredserits
exanpl e, rhéchaRikBRdnsiBNity 0 sol utions attached fromthe corners. WO

2012/ 120190PCT/ F12012/ 050194 14 Cainms 1. A spring structure (501),

char act erfihgegttddAmidn@tpoirits taSthat mb&RS toft MEUERSERM H&BrdiM )to PEPINGENtidh are

first directi pn as opposite . phase oscill ators nmeans of springs (Shl,

shoy 5" cafimted i Be, SRS treiatt Mg B drectioBey P XEs Ohatciiednbus ta S, Hisgs

( Shl, 5Sh2pactiverfendes af tthe tshehg doongtl dange Paomérs, tovther @asseaplikejUor $REMPES a
(5145, Sr§§&“€£qq$onnected fromsaid coupling points of the loop (L) to the
anchors 6 Ot "R'H& base such that the | ongi tudi nal notion of the |Ioop (L)
is arran ; C erpend) r t i all er R Ly, to
said fir gbt%qgfoﬁg@f,l (%e, H?‘%Q't% ﬁugpgb eé’nﬁczgt‘t8 fa %og%%s?i{a éé p°a§88‘os°3ﬁ9?éf#t°§;e& Ehg’r

t han t hatrolyistness afetds ssolution, favdxampde,. W topsipngy caused cdyuexterrst or demgetasursl ai m
1, char a?:h@ﬁg%e%?@sdé&iaﬁlp%rtegfmﬁﬁl, IrOetinSsbRYS sbiatifns ateidhed FRIE iR BOFREL! cally
inrelationto the loop (L). 3. A spring structure according to claim1l or
2, characterized in that the oblique springs (SI45, Sr45) have the sane
spring constant. 4. A spring structure according to claim1l1, 2 or 3,
characterized in that the



150bl i que springs (Sl 45, Sr45) have the sane chem cal and/or structural
conposition. 5. A spring structure according to any one of the preceding

cl ai ns, C\Qﬁrzﬁfz%ﬁﬁiﬁed in that the oblique springs (Sl 451,C [ﬁ@y&%ﬁ%
I ckn

in
common at |'east one of the dinmensions | éagth, width and t ess.” 6. A
doubl e differential spring structure, which has two spring structures (901,
20902) according to claim1 coupled with a connecting stiff nmenber C as
opposite phase oscillators. 7. A resonator, characterized by having at
| east oneClapmsng structure according to any one of the preceding clains.
8. A resonator array, characterized by having at |east one resonator
25according to claim7. 9. A sensor, characterized by having at |east one
resonat or according to claim7 or 8  10. A sensor system characterized by
havi ng atl.l east orfespringtaciire §xlior chargctepizetl an thag it has at least two masses (Ma,

Mb) coupled in a first direction as opposite phase oscillators by means of springs (Sh1, Sh2)
5 connected to them (Ma, Mb), via a loop (L, E) between said springs (Sh1, Sh2) connected to
their coupling poinfs, wherein oblique springs (Sl45, Sr45) are connected from said coupling
points of the loop (L) to the anchors (A) of the base such that the longitudinal motion of the
loop (L) is arranged to occur perpendicularly or substantially perpendicularly to said first
direction, to thus attenuate opposite phase oscillation other than that of the masses (Ma, Mb).

10 2. A spring structure according to claim 1, characterized in that the oblique
springs (S145, Sr45) are symmetrically in relation to the loop (L).

3. A spring structure according to claim 1 or 2, characterized in that the
oblique springs (Sl45, Sr45) have the same spring constant.

4, A spring structure according to claim 1, 2 or 3, characterized in that the
15  oblique springs (Sl45, Sr45) have the same chemical and/or structural composition.

5. A spring structure according to any one of the preceding claims, characterized
in that the oblique springs (SI45, Sr45) have in common at least one of the dimensions
length, width and thickness.

6. A double differential spring structure, which has two spring structures (901,
20 902) according to claim 1 coupled with a connecting stiff member C as opposite phase
oscillators.

7. A resonator, characterized by having at least one spring structure
according to any one of the preceding claims.

8. A resonator array, characterized by having at least one resonator
25 according to claim 7.

9. A sensor, characterized by having at least one resonator according to
claim 7 or 8.
10. A sensor system, characterized by having at least one resonator according

to claim 9.



