
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

18
7 

82
5

A
1

TEPZZ¥_878 5A_T
(11) EP 3 187 825 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
05.07.2017 Bulletin 2017/27

(21) Application number: 16199423.1

(22) Date of filing: 17.11.2016

(51) Int Cl.:
G01C 19/574 (2012.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 29.12.2015 IT UB20159197

(71) Applicants:  
• STMicroelectronics S.r.l.

20864 Agrate Brianza (MB) (IT)
• STMicroelectronics, Inc.

Coppell, TX 75019 (US)
• STMicroelectronics International N.V.

1118 BH Amsterdam (NL)

(72) Inventors:  
• VALZASINA, Carlo

20060 GESSATE (IT)
• HUANTONG, Zhang

COPPELL, TX Texas 75019 (US)
• BRUNETTO, Matteo Fabio

20024 GARBAGNATE MILANESE (IT)
• ANDERSSON, Gert Ingvar

SE-43793 LINDOME (SE)
• SVENSSON, Erik Daniel

SE-43793 LINDOME (SE)
• HEDENSTIERNA, Nils Einar

SE-42669 VASTRA FROLUNDA (SE)

(74) Representative: Bernotti, Andrea et al
Studio Torta S.p.A. 
Via Viotti, 9
10121 Torino (IT)

(54) MICROELECTROMECHANICAL GYROSCOPE WITH REJECTION OF DISTURBANCES AND 
METHOD OF SENSING AN ANGULAR RATE

(57) A gyroscope includes: a substrate (2); a first
structure (11), a second structure (12) and a third struc-
ture (10) elastically coupled to the substrate (2) and mov-
able along a first axis (X), the first and second structure
(11; 12) being arranged at opposite sides of the third
structure (10) with respect to the first axis (X); a driving
system (4, 16a, 16b, 20a, 20b), configured to oscillate
the first and second structure (11, 12) along the first axis

(X) in phase with one another and in phase opposition
with the third structure (10); the first, second and third
structure (11, 12, 10) being provided with respective sets
of sensing electrodes (17a, 21a), configured to be dis-
placed along a second axis (Y) perpendicular to the first
axis (X) in response to rotations of the substrate (2) about
a third axis (Z) perpendicular to the first axis (X) and to
the second axis (Y).
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Description

[0001] The present invention relates to a microelectro-
mechanical gyroscope with rejection of disturbances and
to a method of sensing an angular rate.
[0002] As is known, use of microelectromechanical
systems (MEMS) is increasingly widespread in various
sectors of technology and has yielded encouraging re-
sults especially in the production of inertial sensors, mi-
crointegrated gyroscopes, and electromechanical oscil-
lators for a wide range of applications.
[0003] In particular, several types of MEMS gyro-
scopes are available, which are distinguished by their
rather complex electromechanical structure and by the
operating mode, but are in any case based upon detec-
tion of Coriolis accelerations. In MEMS gyroscopes of
this type, a mass (or a system of masses) is elastically
constrained to a substrate or stator to be able to translate
in a driving direction and a sensing direction that are mu-
tually perpendicular. By a control device, the mass is set
in oscillation at a controlled frequency and amplitude in
the driving direction.
[0004] When the gyroscope turns about an axis per-
pendicular to the driving direction and to the sensing di-
rection at an angular rate, on account of the motion in
the driving direction the mass is subject to a Coriolis force
and moves in the sensing direction. The displacements
of the mass in the sensing direction are determined both
by the angular rate and by the velocity in the driving di-
rection and may be converted into electrical signals. For
instance, the mass and the substrate may be capacitively
coupled so that the capacitance depends upon the posi-
tion of the mass with respect to the substrate. The dis-
placements of the mass in the sensing direction may thus
be detected in the form of electrical signals modulated in
amplitude in a way proportional to the angular rate, with
carrier at the frequency of oscillation of the driving mass.
Use of a demodulator makes it possible to obtain the
modulating signal thus to derive the instantaneous an-
gular rate.
[0005] In many cases, however, the acceleration sig-
nal that carries information regarding the instantaneous
angular rate also contains disturbances in the form of
spurious components that are not determined by the Co-
riolis acceleration. For example, vibrations that propa-
gate to the substrate or external forces applied thereto
may cause displacements of the mass in the sensing
direction or disturb the driving action. Both events may
result in the detection of an angular rate and an altered
output signal, even though the substrate has not under-
gone any rotation, actually.
[0006] Rejection of spurious components is a general
issue and may be particularly critical for some applica-
tions, such as in automotive. By way of example, in a
vehicle travelling along a straight path, the output of a
gyroscope may be affected by vibrations or shocks
caused by uneven road surface. These disturbances do
not correspond to real rotations of the substrate of the

gyroscope, which may be rigidly coupled to the chassis
of the vehicle, but the output signal may reflect spurious
components and indicate an incorrect angular rate.
[0007] Several solutions have been proposed, gener-
ally aiming at reducing sensitivity to external disturbanc-
es. Many of these solutions proved to be quite reliable in
rejecting unwanted effects of disturbing linear accelera-
tions and of disturbing angular accelerations about rota-
tion axes which lie in a gyroscope plane defined by the
driving direction and the sensing direction. Instead, rota-
tional accelerations about axes perpendicular to the gy-
roscope plane may directly affect the displacement of the
mass in the sensing in-plane direction, thus disturbing
the accuracy of the external angular rate measurement
desired in automotive applications.
[0008] It is an object of the present invention to provide
a microelectromechanical gyroscope and a method of
sensing an angular rate which allow the above described
limitations to be overcome or at least attenuated.
[0009] According to the present invention, there are
provided a microelectromechanical gyroscope and a
method of sensing an angular rate as defined in claims
1 and 18, respectively.
[0010] For a better understanding of the invention,
some embodiments thereof will now be described, purely
by way of non-limiting example and with reference to the
attached drawings, wherein:

- figure 1 is a simplified block diagram of a microelec-
tromechanical gyroscope according to an embodi-
ment of the present invention;

- figure 2 is a simplified top plan view of a portion of
the microelectromechanical gyroscope of figure 1;

- figure 3 is an enlarged view of a first detail of the
gyroscope of figure 1;

- figure 4 is an enlarged view of a second detail of the
gyroscope of figure 1;

- figure 5 is an enlarged view of a third detail of the
gyroscope of figure 1;

- figure 6 is an enlarged view of a fourth detail of the
gyroscope of figure 1;

- figure 7 is a simplified electrical diagram of a com-
ponent of the gyroscope of figure 1;

- figure 8 is a schematic view of the gyroscope of figure
1 in a first operating condition;

- figure 9 is a schematic view of the gyroscope of figure
1 in a second operating condition;

- figure 10 is a simplified top plan view of a portion of
a microelectromechanical gyroscope in accordance
with another embodiment of the present invention;

- figure 11 is a simplified top plan view of a portion of
a microelectromechanical gyroscope in accordance
with another embodiment of the present invention;

- figure 12 is a simplified top plan view of a portion of
a microelectromechanical gyroscope in accordance
with another embodiment of the present invention;

- figure 13 is a cross section through the gyroscope
of figure 12, taken along the line XIII-XIII of figure 12;
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- figure 14 is a cross section through the gyroscope
of figure 12, taken along the line XIV-XIV of figure
12; and

- figure 15 is a simplified block diagram of an electronic
system incorporating a microelectromechanical gy-
roscope according to the present invention.

[0011] With reference to Figure 1, a microelectrome-
chanical gyroscope according to an embodiment of the
present invention is designated as a whole by number 1
and comprises a substrate 2, a microstructure 3, a control
device 4, and a read device 5. As explained in detail
hereinafter, the microstructure 3 comprises movable
parts and parts that are fixed with respect to the substrate
2. The control device 4 forms a control loop with the micro-
structure 3 and is configured to keep movable parts of
the microstructure 3 in oscillation with respect to the sub-
strate with controlled frequency and amplitude. For this
purpose, the control device 4 receives position signals
SP from the microstructure 3 and supplies driving signals
SD to the microstructure 3. The read device 5 supplies
output signals SOUT as a function of the movement of the
movable parts of the microstructure 3. The output signals
SOUT indicate an angular rate of the substrate 2 with re-
spect to at least one gyroscopic axis of rotation. In the
embodiment of figure 1, the gyroscope 1 is a single-axis
gyroscope.
[0012] Figure 2 show the substrate 2 and, in greater
detail, the microstructure 3 according to one embodiment
of the invention. The microstructure 3 is essentially planar
and, at rest, lies parallel to a gyroscope plane XY defined
by a first axis X, that also defines a driving direction, and
a second axis Y, that also defines a sensing direction.
The first axis X and the second axis Y are mutually per-
pendicular. The gyroscopic axis of rotation is parallel to
a third axis Z and is perpendicular to both the first axis X
and the second axis Y.
[0013] In one embodiment, the microstructure com-
prises a system of movable masses, sets of fixed and
movable driving electrodes and sets of fixed and movable
sensing electrodes. Here and in the following, the terms
"fixed" and "movable" are to be understood with respect
to the substrate 2, which defines a stator of the gyroscope
1.
[0014] Additional sets of fixed and movable electrodes
(not shown in the drawings) may be optionally provided
for the purpose of sensing the position of the masses
along the driving direction and controlling frequency and
amplitude of the driving oscillation accordingly.
[0015] The system of movable masses includes an in-
ner mass 10, a first outer mass 11 and a second outer
mass 12, which are symmetrically arranged at opposite
sides of the inner mass 10. The inner mass 10 is in turn
symmetric with respect to the second axis Y and has a
first mass portion 10’, adjacent to the first outer mass 11,
and a second mass portion 10", adjacent to the second
outer mass 12. For the sake of simplicity, the first axis X,
the second axis Y and the third axis Z are defined as

passing through the center of mass of the inner mass 10
(at least in a rest configuration).
[0016] The inner mass 10, the first outer mass 11 and
the second outer mass 12 are elastically coupled to the
substrate 2 through respective flexures 13 and anchor-
ages 15. In one embodiment, the inner mass 10, the first
outer mass 11 and the second outer mass 12 may be
symmetric also with respect to the first axis X. The flex-
ures 13 are configured to allow the first mass 10, the first
outer mass 11 and the second outer mass 12 to oscillate
in the driving direction along the first axis X and in the
sensing direction along the second axis Y.
[0017] In one embodiment, the inner mass 10 is pro-
vided with two sets of movable driving electrodes 16a,
one set for the first mass portion 10’ and one set for the
second mass portion 10". The movable driving elec-
trodes 16a are capacitively coupled in a comb-fingered
configuration with corresponding fixed or stator driving
electrodes 16b on the substrate 2 and are arranged sym-
metrically with respect to both the first axis X and the
second axis Y. The movable driving electrodes 16a and
stator driving electrodes 16b are configured to oscillate
the inner mass 10 in the driving direction along the first
axis X in response to driving signals provided by the con-
trol device 4. In one embodiment, however, the inner
mass could have a single set of movable and stator driv-
ing electrodes, even arranged asymmetrically with re-
spect to the second axis Y, possibly.
[0018] The inner mass 10 comprises two sets of mov-
able sensing electrodes 17a, one set for the first mass
portion 10’ and one set for the second mass portion
10" and each set possibly divided into subsets. The sets
of movable sensing electrodes 17a are arranged sym-
metrically with respect to both the first axis X and the
second axis Y. Moreover, each movable sensing elec-
trode 17a extends parallel to the first axis X and is ca-
pacitively coupled in a parallel-plate configuration with a
respective first fixed or stator sensing electrode 17b and
a respective second fixed or stator sensing electrode 17c
(see also figures 3 and 4). Therefore, also the first stator
sensing electrode 17b and the second stator sensing
electrode 17c are parallel to the first axis X. The first
stator sensing electrode 17b and the second stator sens-
ing electrode 17c are arranged so that a first capacitance
between each sensing electrode 17a and the respective
first stator sensing electrode 17b increases and a second
capacitance between each sensing electrode 17a and
the respective second stator sensing electrode 17c de-
creases in response to displacements of the inner mass
10 (to which the sensing electrodes 17a are rigidly at-
tached) along the second axis Y in the sensing direction;
and so that the first capacitance decreases and the sec-
ond capacitance increases in response to displacements
of the inner mass 10 along the second axis Y opposite
to the sensing direction. Moreover, the first stator sensing
electrodes 17b and the second stator sensing electrodes
17c are electrically coupled to a first stator terminal 27
and to a second stator terminal 28, respectively (see also
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figure 7).
[0019] Turning to figure 2 again, the first outer mass
11 and the second outer mass 12 are symmetrically ar-
ranged at opposite sides of the inner mass 10. More pre-
cisely, the first outer mass 11 and the second outer mass
12 are symmetric with respect to one another relative to
the second axis Y (at least in a rest configuration of the
microstructure 3). In one embodiment, the first outer
mass 11 is also symmetric with respect to the first mass
portion 10’ and has the same structure as the second
mass portion 10" of the inner mass 10; and the second
outer mass 12 is symmetric with respect to the second
mass portion 10" and has the same structure as the first
mass portion 10’ of the inner mass 10. Therefore, at least
in the rest configuration, the whole microstructure 3 is
symmetric with respect to the second axis Y.
[0020] The first outer mass 11 and the second outer
mass 12 are elastically coupled to the inner mass 10
through flexures 19, which are configured to allow the
first outer mass 11 and the second outer mass 12 to move
relative to the inner mass 10 in the driving direction along
the first axis X and in the sensing direction along the
second axis Y. The first outer mass 11 and the second
outer mass 12 may also slightly rotate relative to the inner
mass 10.
[0021] The first outer mass 11 and the second outer
mass 12 comprise respective sets of movable driving
electrodes 20a and respective sets of movable sensing
electrodes 21a.
[0022] The movable driving electrodes 20a are capac-
itively coupled in a comb-fingered configuration with cor-
responding fixed or stator driving electrodes 20b on the
substrate 2. The movable driving electrodes 20a and sta-
tor driving electrodes 20b are configured to oscillate the
first outer mass 11 and the second outer mass 12 in the
driving direction along the first axis X in response to driv-
ing signals provided by the control device 4.
[0023] In the first outer mass 11 and in the second outer
mass 12, the respective sets of movable sensing elec-
trodes 21a are arranged symmetrically with respect to
the first axis X and may be divided into subsets. In one
embodiment, however, the inner mass could have a sin-
gle set of movable sensing electrodes coupled with re-
spective first and second stator sensing electrodes.
Moreover, each movable sensing electrode 21a extends
parallel to the first axis X and is capacitively coupled in
a parallel-plate configuration with a respective first fixed
or stator sensing electrode 21b and a respective second
fixed or stator sensing electrode 21c (see also figures 5
and 6). Therefore, also the first stator sensing electrode
21b and the second stator sensing electrode 21c are par-
allel to the first axis X. The first stator sensing electrode
21b and the second stator sensing electrode 21c are ar-
ranged so that a third capacitance between each sensing
electrode 21a and the respective first stator sensing elec-
trode 21b increases and a fourth capacitance between
each sensing electrode 21a and the respective second
stator sensing electrode 21c decreases in response to

displacements of the first outer mass 11 and the second
outer mass 12 (to a respective of which the sensing elec-
trodes 21a are rigidly attached) along the second axis Y
opposite to the sensing direction; and so that the third
capacitance decreases and the fourth capacitance in-
creases in response to displacements of the first outer
mass 11 and the second outer mass 12 along the second
axis Y in the sensing direction. Moreover, the first stator
sensing electrodes 21b and the second stator sensing
electrodes 21c are electrically coupled to the first stator
terminal 27 and to the second stator terminal 28, respec-
tively.
[0024] The shape and size of the sensing electrodes
17a, 21a, of the first stator sensing electrodes 17b, 21b
and of the second stator sensing electrodes 17c, 21c are
selected so that, in the rest configuration, the overall ca-
pacitance between the masses 10, 11, 12 and the first
stator sensing electrodes 17b, 21b balances the overall
capacitance between the masses 10, 11, 12 and the sec-
ond stator sensing electrodes 17c, 21c.
[0025] With reference to figure 7, the read device 5
comprises a read interface 23 (which in one embodiment
is a charge amplifier circuit) coupled to the microstructure
3 and a processing circuit 25 coupled to the read interface
23 and configured to provide the output signals SOUT.
The read interface 23 has a first differential input coupled
to the first stator terminal 27 and a second differential
input coupled to the second stator terminal 28. The read
interface 23 is configured to sense a capacitance unbal-
ance at the stator terminals 27, 28 and to feed the
processing circuit 25 with a corresponding read signal.
[0026] As shown in figure 8, the control device 4 is
configured to oscillate the inner mass 10 in the driving
direction along the first axis with controlled amplitude and
frequency. The control device 4 is also configured to os-
cillate the first outer mass 11 and the second outer mass
12 in phase with one another and in phase opposition
with respect to the inner mass 10 (i.e. with a phase shift
of 180°; horizontal arrows show the direction of motion,
i.e. of the velocity, of each of the inner mass 10, the first
outer mass 11 and the second outer mass 12). In prac-
tice, the microstructure 3 and the control device 4 form
two so-called "beating-heart" structures (one formed by
the first outer mass 11 and by the first mass portion 10’
of the inner mass 10, and the other one formed by the
second mass portion 10" of the inner mass 10 and by the
second outer mass 12), adjacent portions of which (that
is, the first and second mass portion 10’, 10") are rigidly
coupled to one another to form the inner mass 10. In one
embodiment, however, the first and second mass portion
10’, 10" may be elastically coupled to one another by
flexures and maintained in a fixed relative position es-
sentially by the control device 4.
[0027] Accordingly, the first outer mass 11 and the sec-
ond outer mass 12 experience equal Coriolis forces (FC
in figure 8) in the same direction in response to a rotation
of the substrate 2 about an axis perpendicular to the plane
XY (e.g. about the third axis Z) with an angular rate ω.
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Vice versa, Coriolis force applied to the inner mass 10 is
in the opposite direction with respect to Coriolis forces
applied to the first outer mass 11 and second outer mass
12 (-FC in figure 8), because the driving motion is in phase
opposition. Thus, in view of the arrangement of the first
stator sensing electrodes 17b, 21b and second stator
sensing electrodes 17c, 21c capacitance contributions
caused by the displacements of the inner mass 10, the
first outer mass 11 and the second outer mass 12 add
up to build an overall capacitive unbalance that is sensed
by the read interface 23. In fact, all the movable sensing
electrodes 17a, 21a tend to move either toward the re-
spective first stator sensing electrodes 17b, 21b and
away from the respective second stator sensing elec-
trodes 17c, 21c, or toward the respective second stator
sensing electrodes 17c, 21c and away from the respec-
tive first stator sensing electrodes 17b, 21b.
[0028] On the contrary, on account of inertia, angular
accelerations (about the third axis Z cause displacement
of the first outer mass 10 and of the second outer mass
11 in opposite directions along the second axis Y (see
figure 9 and inertia forces FI, FI’ applied to the first portion
10’ of the inner mass 10 and to the first outer mass 11
and opposite inertia forces -FI, -FI’ applied to the second
portion 10" of the inner mass 10 and to the second outer
mass 12), while the inner mass 10 tend to rotate about
its center of mass (i.e. about the third axis Z). It may be
useful to tune properly the flexures linked to the sensing
frames in order to get this in-phase sense movement
mode at high frequency, far from operating frequencies
of drive and Coriolis sense modes. Thus, in this case,
the capacitance contributions caused by the displace-
ments of the inner mass 10, the first outer mass 11 and
the second outer mass 12 tend to cancel and the distur-
bance is effectively rejected. In fact, in the first mass por-
tion 10’ of the inner mass 10 the movable sensing elec-
trodes 17a tend to move toward the respective first stator
sensing electrodes 17b to the extent that in the second
mass portion 10" movable sensing electrodes 17a tend
to move away from the respective first stator sensing
electrodes 17b, and vice versa. Likewise, in the first outer
mass 11 the movable sensing electrodes 21a tend to
move toward the respective first stator sensing elec-
trodes 21b to the extent that in the second outer mass
12 movable sensing electrodes 21a tend to move away
from the respective first stator sensing electrodes 21b,
and vice versa. Thus, capacitive unbalance at any portion
of the microstructure 3 is always compensated by oppo-
site capacitive unbalance at a corresponding portion of
the microstructure 3.
[0029] Figure 10 shows another embodiment, in which
a microelectromechanical gyroscope 100 comprises a
substrate 102 and a microstructure 103 having an inner
mass 110, a first outer mass 111 and a second outer
mass 112. The first outer mass 111 and the second outer
mass 112 are the same as those already described with
reference to figure 2. The inner mass 110 comprises a
set of movable sensing electrodes 117a, each of which

extends parallel to the first axis X and is symmetric with
respect to the second axis Y (at least in a rest configu-
ration). Each movable sensing electrode 117a is capac-
itively coupled to in a parallel-plate configuration with a
respective first stator sensing electrode 117b and a re-
spective second stator sensing electrode 117c. The first
stator sensing electrodes 117b and the second stator
sensing electrodes 117c are arranged so that a first ca-
pacitance between each sensing electrode 117a and the
respective first stator sensing electrode 117b increases
and a second capacitance between each sensing elec-
trode 117a and the respective second stator sensing
electrode 117c decreases in response to displacements
of the inner mass 110 along the second axis Y in the
sensing direction; and so that the first capacitance de-
creases and the second capacitance increases in re-
sponse to displacements of the inner mass 110 along
the second axis Y opposite to the sensing direction. More-
over, the first stator sensing electrodes 117b and the sec-
ond stator sensing electrodes 117c are electrically cou-
pled to a first stator terminal and to a second stator ter-
minal (not shown), respectively, as in the embodiment of
figures 2-7.
[0030] Another embodiment of the invention is shown
in Figure 11. A microelectromechanical gyroscope 200
comprises a substrate 202 and a microstructure 203 hav-
ing an inner mass 210, a first outer mass 211 and a sec-
ond outer mass 212.
[0031] Each of a first mass portion 210’ of the inner
mass 210, a second mass portion 210" of the inner mass
210, the first outer mass 211 and the second outer mass
212 comprises at least three mass components, elasti-
cally coupled to one another, namely:

a driving frame, indicated as 210a’, 210a", 211a,
212a for the first mass portion 210’, the second mass
portion 210", the first outer mass 211 and the second
outer mass 212, respectively;
a sensing mass, indicated as 210b’, 210b", 211b,
212b for the first mass portion 210’, the second mass
portion 210", the first outer mass 211 and the second
outer mass 212, respectively;
at least one (two in the embodiment of figure 11)
sensing frame indicated as 210c’, 210c", 211c, 212c
for the first mass portion 210’, the second mass por-
tion 210", the first outer mass 211 and the second
outer mass 212, respectively.

[0032] The driving frames 210a’, 210a", 211a, 212a
are elastically coupled to the substrate 202 through flex-
ures 213 to oscillate along the first axis X and support
respective movable driving electrodes 216a (for the first
mass portion 210’ and the second mass portion 210")
and 220a (for the first outer mass 211 and the second
outer mass 212) in capacitive coupling with respective
stator driving electrodes 216b, substantially as already
described. The driving frames 210a’, 210a", 211a, 212a
do not need to be oscillatable in accordance with the
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second axis Y.
[0033] The sensing masses 210b’, 210b", 211b, 212b
are elastically coupled to the respective driving frames
210a’, 210a", 211a, 212a through flexures 214 that allow
one relative degree of freedom in the sensing direction
in accordance with the second axis Y, while a rigid ar-
rangement is defined in respect of motion in the driving
direction along the first axis X. In other words, the sensing
masses 210b’, 210b", 211b, 212b move rigidly with the
respective driving frames 210a’, 210a", 211a, 212a in the
driving direction, but can be displaced in the sensing di-
rection.
[0034] The sensing frames 210c’, 210c", 211c, 212c
are elastically coupled to the respective sensing masses
210b’, 210b", 211b, 212b through flexures 218 that allow
one relative degree of freedom in the driving direction
along the first axis X, while a rigid arrangement is defined
in respect of motion in the sensing direction in accord-
ance with the second axis Y. Moreover, the sensing
frames 210c’, 210c", 211c, 212c are elastically coupled
to the substrate 202 through flexures 219 that allow mo-
tion with respect to the substrate 202 in the sensing di-
rection, along the second axis Y. In other words, the sens-
ing frames 210c’, 210c", 211c, 212c move rigidly with the
respective sensing masses 210b’, 210b", 211b, 212b in
the sensing direction, but can be displaced in the driving
direction relative to the respective sensing masses 210b’,
210b", 211b, 212b, since the sensing frames 210c’,
210c", 211c, 212c do not need to be oscillatable in ac-
cordance with the first axis X.
[0035] The sensing frames 210c’, 210c", 211c, 212c
support respective sensing electrodes 217a (for the first
mass portion 210’ and the second mass portion 210")
and 221a (for the first outer mass 211 and the second
outer mass 212) in capacitive coupling with respective
first stator sensing electrodes 217b, 221b and respective
second stator sensing electrodes 217c, 221c, substan-
tially as already described.
[0036] Separation and partial decoupling of the mass
components of the inner mass 210, of the first outer mass
211 and of the second outer mass 212 allow to compen-
sate for possible imperfections e.g. in the flexures, which
may cause disturbances during the drive motion, such
as quadrature errors. These disturbances are instead
suppressed or at least attenuated by introducing elastic
connections in place of rigid coupling between mass
components.
[0037] According to an embodiment illustrated in figure
12, a microelectromechanical gyroscope 300 comprises
a substrate 302 and a microstructure 303 having an inner
mass 310, a first outer mass 311, a second outer mass
312. Moreover, the microstructure 303 comprises first
additional masses 311a and second additional masses
312a.
[0038] In one embodiment, the inner mass has a first
mass portion 310’, which is symmetric to the first outer
mass 311 with respect to an axis parallel to the second
axis Y; and a second mass portion 310", which is sym-

metric to the second outer mass 312 with respect to an
axis parallel to the second axis Y.
[0039] The inner mass 310 is provided with sets of
movable driving electrodes 316a, arranged symmetrical-
ly with respect to the second axis Y and coupled to re-
spective stator driving electrodes 316b. The driving elec-
trodes 316a, 316b are configured to move the inner mass
310 in the driving direction along the first axis X.
[0040] The inner mass is further provided with sensing
electrodes 317a, also arranged symmetrically with re-
spect to the second axis Y and coupled to respective first
stator sensing electrodes 317b and second stator sens-
ing electrode 317c to sense displacements of the inner
mass 310 in the sensing direction along the second axis
Y, substantially as already described with reference to
figure 2.
[0041] The first outer mass 311 and the second outer
mass 312 are provided with respective sets of movable
driving electrodes 320a coupled to respective stator driv-
ing electrodes 320b and configured to move the first outer
mass 311 and the second outer mass 312 in the driving
direction along the first axis X.
[0042] The first outer mass 311 and the second outer
mass 312 are further provided with sensing electrodes
321a coupled to respective first stator sensing electrodes
321b and second stator sensing electrode 321c to sense
displacements of the first outer mass 311 and the second
outer mass 312 in the sensing direction along the second
axis Y, substantially as already described with reference
to figure 2.
[0043] The first additional masses 311a are arranged
symmetrically with respect to the first axis X and between
the inner mass 310 and the first outer mass 311.
[0044] The second additional masses 312a are ar-
ranged symmetrically with respect to the first axis X and
between the inner mass 310 and the second outer mass
312.
[0045] Flexures 318 elastically couple the first addi-
tional masses 311a to the inner mass 310 and to the first
outer mass 311 and the second additional masses 312a
to the inner mass 310 and to the second outer mass 312.
The flexures 318 are configured so that the first (second)
additional masses 311a (312a) move toward one another
when the inner mass 310 and the first (second) outer
mass 311 (312) move toward one another and the first
(second) additional masses 311a (312a) move away
from one another when the inner mass 310 and the first
(second) outer mass 311 (312) move away from one an-
other. Driving motion is transmitted to the first additional
masses 311a and to the second additional masses 312a
by the inner mass 310, the first inner mass 311 and the
second outer mass 312 through the flexures 318.
[0046] In practice, two beating-hart structures moving
in phase opposition are defined in the microstructure 303.
Adjacent masses of the two beating-hart structures (i.e.
the first mass portion 310’ and the second mass portion
310") are rigidly coupled to form the inner mass 310.
[0047] The inner mass 310, the first outer mass 311,
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the second outer mass 312, the first additional masses
311a and the second additional masses 311b are also
coupled to the substrate 302 at anchorages 315 through
flexure systems 313.
[0048] The flexures 318 and flexure systems 313 are
moreover configured to allow the inner mass 310, the
first outer mass 311, the second outer mass 312, the first
additional masses 311a and the second additional mass-
es 312a to move also out of plane along the third axis Z.
More precisely, the inner mass 310, the first outer mass
311 and the second outer mass 312 may be displaced
by Coriolis forces along the third axis Z in response to
rotations about a rotation axis parallel to the second axis
Y (figure 13); and the first additional masses 311a and
the second additional masses 312a may be displaced by
Coriolis forces along the third axis Z in response to rota-
tions about a rotation axis parallel to the first axis X (figure
14).
[0049] Third stator sensing electrodes 322 are provid-
ed on the substrate 302 and are each capacitively cou-
pled to a respective one of the inner mass 310, the first
outer mass 311, the second outer mass 312, the first
additional masses 311a and the second additional mass-
es 312a. Displacements of the inner mass 310, the first
outer mass 311, the second outer mass 312, the first
additional masses 311a and the second additional mass-
es 312a may be detected through the respective third
stator sensing electrodes 322, since capacitive coupling
is determined by the distance of the masses from the
substrate 302 according to the third axis Z.
[0050] The microstructure 303 allows therefore to pro-
vide a 3-axis microelectromechanical gyroscope.
[0051] Illustrated in Figure 15 is a portion of an elec-
tronic system 400 according to an embodiment of the
present invention. The system 400 incorporates the mi-
croelectromechanical gyroscope 1 and may be used in
devices such as, for example, a laptop computer or tablet,
possibly with wireless-connection capacity, a cellphone,
a smartphone, a messaging device, a digital music play-
er, a digital camera, or other devices designed to process,
store, transmit, or receive information. In particular, the
microelectromechanical gyroscope 1 may be used for
performing functions of control, for example, in a motion-
activated user interface for computers or consoles for
video games or in a satellite-navigation device.
[0052] The electronic system 400 may comprise a con-
trol unit 410, an input/output (I/O) device 420 (for exam-
ple, a keyboard or a screen), the gyroscope 1, a wireless
interface 440, and a memory 460, of a volatile or nonvol-
atile type, coupled together through a bus 450. In one
embodiment, a battery 480 may be used for supplying
the system 400. It should be noted that the scope of the
present invention is not limited to embodiments neces-
sarily having one or all of the devices listed.
[0053] The control unit 410 may comprise, for example,
one or more microprocessors, microcontrollers and the
like.
[0054] The I/O device 420 may be used for generating

a message. The system 400 may use the wireless inter-
face 440 for transmitting and receiving messages to and
from a wireless-communication network with a radiofre-
quency (RF) signal. Examples of wireless interface may
comprise an antenna, a wireless transceiver, such as a
dipole antenna, even though the scope of the present
invention is not limited from this point of view. Further-
more, the I/O device 420 may supply a voltage repre-
senting what is stored either in the form of digital output
(if digital information has been stored) or in the form of
analog information (if analog information has been
stored).
[0055] Finally, it is evident that modifications and var-
iations may be made to the microelectromechanical gy-
roscope and to the method described, without thereby
departing from the scope of the present invention, as
defined in the annexed claims.

Claims

1. A microelectromechanical gyroscope comprising:

a substrate (2; 102; 202; 302);
a first structure (11; 111; 211; 311), a second
structure (12; 112; 212; 312) and a third struc-
ture (10; 110; 210; 310) elastically coupled to
the substrate (2; 102; 202; 302) to be movable
in a driving direction along a first axis (X), the
first structure (11; 111; 211; 311) and the second
structure (12; 112; 212; 312) being arranged at
opposite sides of the third structure (10; 110;
210; 310) with respect to the first axis (X);
a driving system (4, 16a, 16b, 20a, 20b; 216a,
216b, 220a, 220b; 316a, 316b, 320a, 320b),
configured to oscillate the first structure (11; 111;
211; 311) and the second structure (12; 112;
212; 312) along the first axis (X) in phase with
one another and to oscillate the third structure
(10; 110; 210; 310) along the first axis (X) in
phase opposition with the first structure (11; 111;
211; 311) and the second structure (12; 112;
212; 312);
the first structure (11; 111; 211; 311), the second
structure (12; 112; 212; 312) and the third struc-
ture (10; 110; 210; 310) being provided with re-
spective sets of sensing electrodes (17a, 21a;
117a, 121a; 217a, 221a; 317a, 321a), config-
ured to be displaced in a sensing direction along
a second axis (Y) perpendicular to the first axis
(X) in response to rotations of the substrate (2;
102; 202; 302) about a third axis (Z) perpendic-
ular to the first axis (X) and to the second axis (Y).

2. The gyroscope according to claim 1, wherein each
sensing electrode (17a, 21a; 117a, 121a; 217a,
221a; 317a, 321a) is capacitively coupled to a re-
spective first stator sensing electrode (17b, 21b;
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117b, 121b; 217b, 221b; 317b, 321b) and to a re-
spective second stator sensing electrode (17c, 21c;
117c, 121c; 217c, 221c; 317c, 321c).

3. The gyroscope according to claim 2, wherein the first
stator sensing electrodes (17b, 21b; 117b, 121b;
217b, 221b; 317b, 321b) and the second stator sens-
ing electrodes (17c, 21c; 117c, 121c; 217c, 221c;
317c, 321c) are arranged so that a capacitive cou-
pling between each sensing electrode (17a, 21a;
117a, 121a; 217a, 221a; 317a, 321a) and the re-
spective first stator sensing electrode (17b, 21b;
117b, 121b; 217b, 221b; 317b, 321b) is unbalanced
in response to displacements of the respective one
of the first structure (11; 111; 211; 311), second
structure (12; 112; 212; 312) and third structure (10;
110; 210; 310) along the second axis (Y) either in
the sensing direction or opposite to the sensing di-
rection.

4. The gyroscope according claim 3, comprising a read
interface (23), configured to sense the unbalance of
the capacitive coupling between each sensing elec-
trode (17a, 21a; 117a, 121a; 217a, 221a; 317a,
321a) and the respective first stator sensing elec-
trode (17b, 21b; 117b, 121b; 217b, 221b; 317b,
321b).

5. The gyroscope of claim 4, wherein the read interface
(23) has a first input and a second input, the first
stator sensing electrodes (17b, 21b; 117b, 121b;
217b, 221b; 317b, 321b) are electrically coupled to
the first input and the second stator sensing elec-
trodes (17c, 21c; 117c, 121c; 217c, 221c; 317c,
321c) are electrically coupled to the second input.

6. The gyroscope according to any one of claims 2 to
5, wherein the first stator sensing electrodes (17b;
117b; 217b; 317b) and the second stator sensing
electrodes (17c; 117c; 217c; 317c) coupled to the
sensing electrodes (17a; 117a; 217a; 317a) of the
third structure (10; 110; 210; 310) are configured so
that a first capacitance between each sensing elec-
trode (17a; 117a; 217a; 317a) of the third structure
(10; 110; 210; 310) and the respective first stator
sensing electrode (17b; 117b; 217b; 317b) increases
and a second capacitance between each sensing
electrode (17a; 117a; 217a; 317a) of the third struc-
ture (10; 110; 210; 310) and the respective second
stator sensing electrode (17c; 117c; 217c; 317c) de-
creases in response to displacements of the third
structure (10; 110; 210; 310) along the second axis
(Y) in the sensing direction; and so that the first ca-
pacitance decreases and the second capacitance
increases in response to displacements of the third
structure (10; 110; 210; 310) along the second axis
(Y) opposite to the sensing direction.

7. The gyroscope according to claim any one of claims
2 to 6, wherein the first stator sensing electrodes
(21b; 121b; 221b; 321b) and the second stator sens-
ing electrodes (21c; 121c; 221c; 321c) coupled to
sensing electrodes (21a; 121a; 221a; 321a) of the
first structure (11; 111; 211; 311) and of the second
structure (12; 112; 212; 312) are arranged so that a
third capacitance between each sensing electrode
(21a; 121a; 221a; 321a) of the first structure (11;
111; 211; 311) and of the second structure (12; 112;
212; 312) and the respective first stator sensing elec-
trode (21b; 121b; 221b; 321b) increases and a fourth
capacitance between each sensing electrode (21a;
121a; 221a; 321a) of the first structure (11; 111; 211;
311) and of the second structure (12; 112; 212; 312)
and the respective second stator sensing electrode
(21c; 121c; 221c; 321c) decreases in response to
displacements of the of the first structure (11; 111;
211; 311) and of the second structure (12; 112; 212;
312) along the second axis (Y) opposite to the sens-
ing direction; and so that the third capacitance de-
creases and the fourth capacitance increases in re-
sponse to displacements of the first structure (11;
111; 211; 311) and of the second structure (12; 112;
212; 312) along the second axis (Y) in the sensing
direction.

8. The gyroscope according to any one of the foregoing
claims, wherein the sensing electrodes (17a, 21a;
117a, 121a; 217a, 221a; 317a, 321a) are arranged
symmetrically with respect to the first axis (X).

9. The gyroscope according to any one of the foregoing
claims, wherein the sensing electrodes (21a; 121a;
221a; 321a) of the first structure (11; 111; 211; 311)
and of the second structure (12; 112; 212; 312) are
arranged symmetrically with respect to the second
axis (Y) at least in one configuration.

10. The gyroscope according to claim 9, wherein the first
structure (11; 111; 211; 311) and the second struc-
ture (12; 112; 212; 312) are symmetric with respect
to the second axis (Y) at least in one configuration.

11. The gyroscope according to any one of the foregoing
claims, wherein the sensing electrodes (17a; 117a;
217a; 317a) of the third structure (10; 110; 210; 310)
are arranged symmetrically with respect to an axis
parallel to the second axis (Y) and passing by a cent-
er of mass of the third structure (10; 110; 210; 310).

12. The gyroscope according to claim 11, wherein the
third structure (10; 110; 210; 310) is symmetric with
respect to the axis parallel to the second axis (Y) and
passing by a center of mass of the third structure
(10; 110; 210; 310).

13. The gyroscope according to any one of the foregoing
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claims, wherein the third structure (10; 110; 210;
310) comprises a first structure portion (10’; 210’)
and a second structure portion (10"; 210"); the first
structure portion (10’; 210’) being symmetric with re-
spect to the first structure (11; 211); and the second
structure portion (10"; 210") being symmetric with
respect to the second structure (12; 212).

14. The gyroscope according to claim 13, wherein the
first structure portion (10’; 210’) and the second
structure portion (10"; 210") are symmetric with re-
spect to one another.

15. The gyroscope according to claim 13 or 14, wherein
first structure portion (10’; 210’) is symmetric with
respect to the first structure (11; 211) and the second
structure portion (10"; 210") is symmetric with re-
spect to the second structure (12; 212).

16. The gyroscope according to any one of claims 13 to
15, wherein each of a first structure portion (210’),
the second structure portion (210"), the first structure
(211) and the second structure (212) comprises:

a respective driving frame (210a’, 210a", 211a,
212a);
a respective sensing mass (210b’, 210b", 211b,
212b);
a respective sensing frame (210c’, 210c", 211c,
212c);
the driving frames (210a’, 210a", 211a, 212a)
being elastically coupled to the substrate (202)
to oscillate along the first axis (X) and supporting
respective movable driving electrodes (216a,
220a) in capacitive coupling with respective sta-
tor driving electrodes (216b) of the substrate
(202);
the sensing masses (210b’, 210b", 211b, 212b)
being elastically coupled to the respective driv-
ing frames (210a’, 210a", 211a, 212a) through
first flexures (214) that allow one relative degree
of freedom in the sensing direction in accord-
ance with the second axis (Y) and prevent rela-
tive motion in the driving direction along the first
axis (X) ;
the sensing frames (210c’, 210c", 211c, 212c)
being elastically coupled to the respective sens-
ing masses (210b’, 210b", 211b, 212b) through
second flexures (218) that allow one relative de-
gree of freedom in the driving direction along the
first axis (X) and prevent relative motion in the
sensing direction in accordance with the second
axis (Y); and
the sensing frames (210c’, 210c", 211c, 212c)
being further elastically coupled to the substrate
(202) through third flexures (219) that allow mo-
tion with respect to the substrate (202) in the
sensing direction, along the second axis (Y).

17. An electronic system comprising a gyroscope (1;
100; 200; 300) according to any one of the foregoing
claims and a control unit (410) coupled to the gyro-
scope (1; 100; 200; 300).

18. A method of sensing an angular rate comprising:

oscillating a first structure (11; 111; 211; 311)
and a second structure (12; 112; 212; 312) elas-
tically supported by substrate (2; 102; 202; 302)
along a first axis (X) relative to the substrate (2;
102; 202; 302) in phase with one another;
oscillating a third structure (10; 110; 210; 310),
arranged between the first structure (11; 111;
211; 311) and the second structure (12; 112;
212; 312), along the first axis (X) relative to the
substrate (2; 102; 202; 302) in phase opposition
with the first structure (11; 111; 211; 311) and
the second structure (12; 112; 212; 312);
sensing displacements of respective sets of
sensing electrodes (17a, 21a; 117a, 121a; 217a,
221a; 317a, 321a) of the first structure (11; 111;
211; 311), of the second structure (12; 112; 212;
312) and of the third structure (10; 110; 210;
310), the sensing electrodes (17a, 21a; 117a,
121a; 217a, 221a; 317a, 321a) being configured
to be displaced in a sensing direction along a
second axis (Y) perpendicular to the first axis
(X) in response to rotations of the substrate (2;
102; 202; 302) about a third axis (Z) perpendic-
ular to the first axis (X) and to the second axis (Y).
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