
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

57
3 

27
2

B
1

TEPZZ_57¥ 7 B_T
(11) EP 1 573 272 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.07.2018 Bulletin 2018/28

(21) Application number: 03814151.1

(22) Date of filing: 15.12.2003

(51) Int Cl.:
B81B 3/00 (2006.01) G01C 19/5719 (2012.01)

(86) International application number: 
PCT/US2003/040317

(87) International publication number: 
WO 2004/059250 (15.07.2004 Gazette 2004/29)

(54) MEMS DEVICE WITH MEANS FOR DECELERATING PROOF MASS MOVEMENTS

MEMS-VORRICHTUNG MIT MITTELN ZUM ABBREMSEN VON PRÜFMASSENBEWEGUNGEN

DISPOSITIF MEMS AVEC DES MOYENS DE DECELERATION DE MOUVEMENTS D’UNE MASSE 
ETALON

(84) Designated Contracting States: 
DE FR GB IT

(30) Priority: 16.12.2002 US 320850

(43) Date of publication of application: 
14.09.2005 Bulletin 2005/37

(73) Proprietor: Honeywell International Inc.
Morris Plains, NJ 07950 (US)

(72) Inventors:  
• GLENN, Max, C.

Chanhassen, MN 55317 (US)
• PLATT, William, P.

Columbia Heights, MN 55421 (US)

• WEBER, Mark, W.
Zimmerman, MN 55398 (US)

(74) Representative: Houghton, Mark Phillip et al
Patent Outsourcing Limited 
1 King Street
Bakewell, Derbyshire DE45 1DZ (GB)

(56) References cited:  
US-A- 4 882 933 US-A- 5 111 693
US-A- 5 721 377 US-A- 5 817 942
US-B1- 6 214 243  

• PATENT ABSTRACTS OF JAPAN vol. 013, no. 430 
(P-937), 26 September 1989 (1989-09-26) -& JP 01 
163620 A (NISSAN MOTOR CO LTD), 27 June 1989 
(1989-06-27)



EP 1 573 272 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to micro-elec-
tromechanical systems (MEMS), and more specifically,
to deceleration of movements within such devices to pre-
vent damage of various components within the MEMS
devices.
[0002] Micro-electromechanical systems (MEMS) in-
tegrate electrical and mechanical components on the
same substrate, for example, a silicon substrate, using
microfabrication technologies. The electrical compo-
nents are fabricated using integrated circuit processes,
while the mechanical components are fabricated using
micromachining processes compatible with the integrat-
ed circuit processes. This combination makes it possible
to fabricate an entire system on a chip using standard
manufacturing processes.
[0003] One common application of MEMS devices is
in the design and manufacture of sensor devices. The
mechanical portion of the sensor device provides the
sensing capability, while the electrical portion of the sen-
sor device processes the information received from the
mechanical portion. One example of a MEMS device is
a gyroscope. Some inertial measurement units (IMUs)
incorporate one or more MEMS gyroscopes.
[0004] One known type of MEMS gyroscope uses vi-
brating elements to sense angular rate through the de-
tection of a Coriolis acceleration. The vibrating elements
are put into oscillatory motion along a motor (X) axis,
which is parallel to the substrate, in a resonant mode of
vibration referred to as a motor mode. Once the vibrating
elements are put in motion, the gyroscope is capable of
detecting angular rates induced by the substrate being
rotated about an input (Z) axis, which is perpendicular to
the substrate. Coriolis acceleration occurs along a sense
(Y) axis, which is also perpendicular to both the X and Z
axes, causing oscillatory motion along the Y-axis, in a
resonant mode referred to as a sense mode. The ampli-
tude of oscillation of the sense mode is proportional to
the angular rate of the substrate. However, the vibrating
elements are sometimes acted upon by external forces.
As an example, aircraft or other flight platforms some-
times make high gravitational force maneuvers. The forc-
es can cause proof masses within the MEMS device, for
example, a MEMS gyroscope, to contact a motor drive,
a motor pickoff or a sense plate, sometimes at such a
high rate of speed, that damage can occur to one or more
of the above listed components. Such contact is unde-
sirable and effects performance of the MEMS device.
[0005] US 5721377 (Robert Bosch) describes an an-
gular velocity sensor in which an acceleration sensor is
arranged on a resonator formed of a multilayer substrate
and attached to a resonating bar. US 6214243 (Robert
Bosch) describes a process for the manufacture of a Co-
riolis rate-of-rotation sensor with oscillatory support
masses spring-suspended on a substrate as well as driv-

ing means for the excitation of the planar oscillation of
the oscillating masses and evaluation means for the de-
termination of a Coriolis acceleration. US 4882933 (No-
vaSensor) describes a micromachined accelerometer
which includes integral bidirectional shock protection and
controllable viscous damping. JP 01163620 (Nissan Mo-
tor Co. Ltd) describes a semiconductor acceleration sen-
sor which includes a side stopper to stop displacement
of a weight so that no excessive stress is applied to the
cantilever ebam of the sensor which is thus prevented
from breaking. US 5111693 describes a motion restraint
for micromechanical devices to limit the motion of resil-
iently supported transducer elements, preventing ex-
treme lateral or rotational displacement of the elements.
US 5817942 teaches an accelerometer having flexure
stops for increasing the stiffness of flexures when the
accelerometer is subjected to relatively high accelera-
tion.

BRIEF SUMMARY OF THE INVENTION

[0006] In one aspect, a micro-electromechanical sys-
tems device is provided which comprises a substrate
having at least one anchor, a proof mass comprising at
least one deceleration extension extending from the
proof mass, a motor drive comb, and a motor sense
comb. The device also comprises a plurality of suspen-
sions configured to suspend the proof mass over the sub-
strate and between the motor drive comb and the motor
sense comb which are anchored to the substrate. The
device further comprises a body attached to the substrate
and at least two deceleration beams extending from the
body. The deceleration beams are configured to engage
the deceleration extensions and slow or stop the proof
mass before it contacts the motor drive comb and the
motor sense comb, wherein the deceleration extensions
and the deceleration beams are configured to bend when
engaged and provide the deceleration function for the
proof mass. The substrate comprises at least one raised
area configured to engage the deceleration extension
and the raised area is configured to reduce or eliminate
contact between the proof mass and components of the
device under the proof mass.
[0007] The at least one deceleration extension com-
prises a top surface and at least one raised area on the
top surface. The raised areas are configured to reduce
or eliminate contact between the proof mass and com-
ponents of the device above the proof mass.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is an illustration of micro-electromechanical
system (MEMS) device which incorporates deceler-
ation stops extending from the proof masses and a
support structure.
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Figure 2 is an illustration showing an enlarged view
of the deceleration stops shown in Figure 1.

Figure 3 is an illustration showing one embodiment
of a deceleration extension extending from a proof
mass.

Figure 4 is an illustration of a MEMS device which
incorporates deceleration stops extending from the
proof masses and an alternative anchoring structure
to the device of Figure 1.

Figure 5 is an illustration showing an enlarged view
of the deceleration stops shown in Figure 4.

Figure 6 is an illustration showing an example for
decelerating proof masses that is not part of the in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Figure 1 illustrates a plan view of a micro-elec-
tromechanical system (MEMS) device 10, for example,
a gyroscope. MEMS device 10 is formed on a substrate
(not shown) and includes at least one proof mass 12, a
plurality of suspensions 14 for supporting proof masses
12, and at least one cross beam 16 connected to sus-
pensions 14. In an alternative configuration, suspensions
14 are individually and directly connected to the sub-
strate. MEMS device 10 also includes motor drive combs
18, motor pickoff combs 20, and sense plates 22, which
correspond to individual proof masses 12.
[0010] Proof masses 12 are fabricated from any mass
suitable for use in a MEMS device. In one embodiment,
proof mass 12 is a plate of silicon. Other materials com-
patible with micro-machining techniques may also be uti-
lized. While Figure 1 shows two proof masses 12, MEMS
devices utilizing fewer or greater than two proof masses
may also be utilized.
[0011] Proof masses 12 are located substantially be-
tween motor drive comb 18 and motor pickoff comb 20.
Proof masses 12 include a plurality of comb-like elec-
trodes 26. A portion of electrodes 26 extends towards
motor drive comb 18 and a portion of electrodes 26 ex-
tends towards motor pickoff comb 20. While, in the illus-
trated embodiment, proof masses 12 have thirty-four
electrodes 26, it is known to utilize proof masses incor-
porating different numbers of electrodes. In other em-
bodiments of MEM devices (not shown), motor drive
comb and motor pickoff comb may be located next to one
another.
[0012] Proof masses 12, in the embodiment shown,
are supported above a respective sense plate 22 by sus-
pensions 14. While four suspensions 14 are depicted for
suspending each proof mass 12, any number of suspen-
sions 14 which properly support proof masses 12 may
be utilized. Suspensions 14 are, in one embodiment,
beams micro-machined from a silicon wafer. Suspen-

sions 14 also act as springs allowing proof masses 12 to
move within a drive plane (X-axis) and a sense plane (Y-
axis), as shown in Figure 1.
[0013] Motor drive combs 18 include a plurality of
comb-like electrodes 28 extending towards a respective
proof mass 12. While motor drive combs 18 are shown
as having eighteen electrodes 28, the number of elec-
trodes 28 on motor drive combs 18 typically is determined
by the number of electrodes 26 on the respective proof
mass 12. Motor drive combs are typically connected to
drive electronics (not shown in Figure 1). Electrodes 26
and electrodes 28 are interdigitated as they extend from
respective proof masses 12 and motor drive combs 18
and form capacitors which are utilized to generate motion
in the drive plane (X-axis).
[0014] Motor pickoff combs 20 also include a plurality
of comb-like electrodes 30 extending towards a respec-
tive proof mass 12. While motor pickoff combs 20 are
depicted as having eighteen electrodes 30, the number
of electrodes 30 extending from motor pickoff combs 20
is typically determined by the number of electrodes 26
on a respective proof mass 12. Motor pickoff combs 20
are sometimes referred to as sense combs. Electrodes
26 and electrodes 30 are interdigitated as they extend
from respective proof masses 12 and motor pickoff
combs 20 and form capacitors which are utilized to sense
motion in the drive plane (X-axis).
[0015] Sense plates 22 are parallel with their respec-
tive proof mass 12 and form a capacitor. If an angular
rate (i.e. an aircraft turning) is applied to MEMS device
10 operating as a gyroscope along an input vector (Z-
axis) while the at least one proof mass 12 is oscillating
along the drive plane (X-axis), a Coriolis acceleration is
detected in the sense plane (Y-axis). The capacitance is
used to sense motion in the sense plane (Y-axis). An
output of MEMS device 10 typically is a signal propor-
tional to the change in capacitance caused by the motion.
Sense plates 22 are typically connected to sense elec-
tronics, not shown in Figure 1. Sense electronics detect
changes in capacitance as proof masses 12 move toward
and/or away from their respective sense plates 22 and
the respective motor drive combs 18 and motor pickoff
combs 20.
[0016] Motor pickoff combs 20 are typically connected
to a bias voltage (not shown) used in sensing motion of
proof masses 12. Motor drive combs 18 are typically con-
nected to drive electronics (not shown). The drive elec-
tronics cause the respective proof mass 12 to oscillate
at substantially a tuning fork frequency along the drive
plane (X-axis) by using the capacitors formed by the plu-
rality of interdigitated comb-like electrodes 26, 28 of proof
mass 12 and motor drive comb 18. MEMS device 10 has
two closely spaced modes of oscillation. One of the
modes, sometimes referred to as a motor mode, is driven
by an electrostatic force, at a resonant frequency of de-
vice 10 to produce a relatively large amplitude of oscil-
lation. When a rotational force is applied to device 10, a
Coriolis force is produced which is proportional to the

3 4 



EP 1 573 272 B1

4

5

10

15

20

25

30

35

40

45

50

55

velocity of proof mass 12 in the motor mode. The Coriolis
force drives proof masse 12 in a sense mode direction
at a frequency of the motor mode. One or more electrodes
are provided to detect oscillations in the sense mode, as
described below, utilizing capacitance. A DC and/or an
AC bias voltage is applied to sense electrodes, so that a
motion of proof masses 12 in the sense mode produces
an output current.
[0017] In certain operating environments, MEMS de-
vices, for example, gyroscopes are subjected to extreme
shock and vibration exposure, but also have to be me-
chanically sensitive enough to measure minute angular
velocities and linear accelerations. Such forces may
cause extensions 26 of proof masses 12 to forcefully
come into contact with one or more of motor drive comb
18, its extensions 28, motor pickoff comb 20, and its ex-
tensions 30. In addition to a possibility that one or more
of extensions 26, 28, and 30 could be broken off or oth-
erwise damaged, electrostatic forces might cause proof
mass 12 to remain in physical contact with the component
of device 10 the proof mass 12 has contacted. Other
forces may cause the main body of proof mass 12 to
come into contact with sense plate 22. Again, the elec-
trostatic forces may cause proof mass 12 to remain in
contact with sense plate 22.
[0018] MEMS device 10 is also configured with a plu-
rality of deceleration stops 50 which reduce or alleviate
the above described operational problems caused by ex-
cessive external mechanical forces. Device 10 utilizes
deceleration stops 50 to provide the external force pro-
tection. Proof masses 12 are further identified as a left
proof mass 54 and a right proof mass 56. The terms "left"
and "right" as used herein are for illustrative purposes
with respect to the Figures only to describe operation of
deceleration stops 50, and do not imply any type of struc-
tural limitations of MEMS device 10. Left proof mass 54
and right proof mass 56 are supported above the sub-
strate, as described above, by suspensions 14. While
suspensions 14 suspend proof masses 54 and 56 above
a substrate (not shown) onto which a sense plate (not
shown) is typically mounted, suspensions 14 also allow
proof masses 54 and 56 to vibrate upon application of a
bias voltage. As proof masses 54 and 56 vibrate, exten-
sions 26 move back and forth between extensions 28 of
motor drive combs 18 and extensions 30 of motor pickoff
combs 20, causing capacitance changes which can be
quantified.
[0019] Figure 2 is an illustration which details a decel-
eration stop 50 which operates to prevent left proof mass
54 from contacting motor drive comb 18 and motor sense
comb 20. While a single deceleration stop 50 is illustrated
and described with respect to left proof mass 54, it is to
be understood that the description applies to deceleration
stops utilized in conjunction with any proof mass (includ-
ing right proof mass 56) and that multiple deceleration
stops 50 can be associated with any individual proof
mass (as shown in Figure 1). Deceleration stop 50 in-
cludes a body 60 which, in one embodiment, is located

between cross beam 16 and proof mass 54, and is at-
tached to crossbeam 16 through an anchoring extension
62. In one embodiment, body 60 is attached to the sub-
strate and provides an anchoring function for the MEMS
device. In addition, a plurality of deceleration beams 64
extend from body 60 towards proof mass 54. A deceler-
ation extension 66 located in between deceleration
beams 64 extends from proof mass 54. Deceleration
beams 64 and deceleration extension 66 allow proof
mass 54 to move freely under normal motion conditions,
but serve to decelerate proof mass 54 when the motion
of proof mass 54 exceeds a certain limit. In one embod-
iment, deceleration beams 64 are positioned closer to
extensions 86 then proof mass 54 is to combs 28 and
30. As shown in Figures 1 and 2, deceleration beams 64
and deceleration extensions 66, in one embodiment, are
elongated rectangular structures.
[0020] Specifically, when a motion of proof mass 54
causes deceleration extension 66 to engage one of de-
celeration beams 64, due to an external force, one or
both of deceleration beams 64 and deceleration exten-
sion 66 bend, decelerating proof mass 54 such that when
proof mass 54 contacts a fixed stop, an impact is signif-
icantly reduced or eliminated. The deceleration of proof
mass 54 due to deceleration stops 50 prevents damage
to the interdigitating members of proof mass 54, motor
drive comb 18, and motor pickoff comb 20.
[0021] External forces may also cause proof mass 54
to move up and down. Figure 3 is an illustration showing
one embodiment of a deceleration extension 100 extend-
ing from a proof mass 102. It is known that when a proof
mass 102 experiences a downward motion that causes
proof mass 102 to contact a sense plate 104 electrostatic
forces may cause proof mass 102 to remain in contact
with sense plate 104 once the forces that originally
caused the downward motion of proof mass 102 cease
to exist. Continuing contact between proof mass 102 and
sense plate 104 causes the MEMS device to cease to
function.
[0022] To reduce the adverse effects of the above de-
scribed problem, a bottom surface 106 of deceleration
extension 100 is formed with a number of raised, semi-
spherical areas 108 extending downward from deceler-
ation extension 100. When raised, semi-spherical areas
108 contact substrate 110 downward motion of proof
mass 102 is stopped thus preventing proof mass 102
from contacting sense plate 104 or substrate 110. In al-
ternative embodiments, substrate 110 is formed with
raised areas 112 which engage deceleration extensions
100 directly (as shown) or that engage raised, semi-
spherical areas 108 to provide even more separation be-
tween proof mass 102 and sense plate 104. In one em-
bodiment, a top surface 114 of deceleration extension is
formed with a number of raised areas (not shown) similar
to raised, semi-spherical areas 108 which are configured
to reduce or eliminate contact between the proof mass
and components of the MEMS device which are above
the proof mass. While raised areas 108 are described
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and shown as being semi-spherical and raised areas 112
are shown as rectangular blocks, it is understood that
other embodiments exist which utilize different shapes
to provide the same functionality.
[0023] Figures 4 and 5 illustrate an alternative embod-
iment of deceleration stops 120. Components in Figures
4 and 5 which are the same as components shown in
Figures 1 and 2 are shown utilizing the same reference
numerals as utilized in Figures 1 and 2. Referring to Fig-
ure 4, crossbeams 122 are connected to the substrate
(not shown) utilizing anchors 124 and anchoring exten-
sions 125 that extend between anchors 124 and cross-
beams 122. A body 126 extends from crossbeams 122
which includes deceleration beams 128 that extend to-
wards one of respective proof masses 54 and 56. Body
126 extends from crossbeam 122 towards a proof mass
54, 56 and can be any shape that can be formed integrally
with, and extend from crossbeams 122. In the embodi-
ment shown, body 126 is rectangular in shape. The struc-
ture of deceleration stops 120 is shown in more detail in
Figure 5. Deceleration beams 128 are configured to en-
gage deceleration extension 66, based upon movements
of proof mass 54. Deceleration stops 120 differ from de-
celeration stops 50 (shown in Figures 1 and 2) since de-
celeration stops 120 do not provide the anchoring func-
tion for the suspension of MEMS device as body 60
(shown in Figure 2) does.
[0024] Figure 6 is an illustration showing an example
of a deceleration stop 150 for decelerating proof masses
152 that is not part of the invention. It should be noted
that proof mass 152 is shown in a partial view, with only
the portion relevant to deceleration stop 150 being
shown. In the example, a deceleration beam 154 extends
from a body 156 anchored to a substrate (not shown)
towards proof mass 152. Rather than being configured
with deceleration extensions to engage deceleration
beams as described above, proof mass 152 is formed
with a rectangular indentation 158 that engages decel-
eration beam 154. Forming proof masses with indenta-
tions 158, rather than deceleration extensions, may allow
a larger proof mass to be formed for a given area. In an
alternative example, a deceleration beam may extend
from a proof mass, while a deceleration extension is
formed within the anchoring body.
[0025] While shown and described as utilizing a single
deceleration beam 154 and indentation 158, it is under-
stood that a MEMS device can incorporate more than
one deceleration beam 154 and indentation 158 as a
deceleration stop. In addition, several deceleration stops
150, using either single or multiple deceleration beams
154 and indentations 158 can be incorporated into a
MEMS device, in a configuration similar to that shown in
Figure 1, where four deceleration stops 50 are illustrated.
Further, proof mass 152 may be constructed with a plu-
rality of raised, semi-spherical areas 108 (shown in Fig-
ure 3) to alleviate the contacting problems between proof
masses and sense plates described with respect to Fig-
ure 3.

[0026] The above described deceleration stop embod-
iments, and the embodiments which are utilized to coun-
teract the effects of up and down movement of proof
masses are utilized to protect the components of MEMS
devices from extreme forces that can be encountered
during use. Described with respect to MEMS devices,
the descriptions should be construed to be include, but
not be limited to, MEMS gyroscopes, inertial measure-
ment units, accelerometers, pressure sensors, and tem-
perature sensors.
[0027] While the invention has been described in terms
of various specific embodiments, those skilled in the art
will recognize that the invention can be practiced with
modification within the scope of the claims.

Claims

1. A micro-electromechanical systems (MEMS) device
(10) comprising:

a substrate (110) comprising at least one an-
chor;
a proof mass (12, 54, 56, 102) comprising at
least one deceleration extension (66, 100) ex-
tending from said proof mass (12, 54, 56, 102);
a motor drive comb (18);
a motor sense comb (20);
a plurality of suspensions (14) configured to sus-
pend said proof mass (12, 54, 56, 102) over said
substrate (110) and between said motor drive
comb (18) and said motor sense comb (20), said
suspensions (14) anchored to said substrate
(110);
a body (60, 126) attached to said substrate
(110); and
at least two deceleration beams (64, 128) ex-
tending from said body (60, 126), said deceler-
ation beams (64, 128) configured to engage said
at least one deceleration extension (66, 100)
and to slow or stop said proof mass (12, 54, 56,
102) before said proof mass contacts said motor
drive comb (18) and said motor sense comb
(20); wherein said deceleration extensions (66,
100) and said deceleration beams (64, 128) are
configured to bend when engaged and provide
the deceleration function for said proof mass
(12, 54, 56, 102); and characterised in that said
substrate (110) comprises at least one raised
area (112) configured to engage said decelera-
tion extension (66, 100) said raised area (112)
configured to reduce or eliminate contact be-
tween said proof mass (12, 54, 56, 102) and
components of said device under said proof
mass;
wherein said at least one deceleration extension
(66, 100) comprises:
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a top surface (114); and
at least one raised area on said top surface,
said raised areas configured to reduce or
eliminate contact between said proof mass
(12, 54, 56, 102) and components of said
device above said proof mass.

2. A device (10) according to claim 1 wherein said de-
vice further comprises at least one crossbeam (16)
extending between said suspensions (14), said body
(60, 126) connected to said crossbeam (16) and at-
tached to said substrate (110).

3. A device (10) according to claim 2 wherein said de-
vice further comprises an anchoring extension (62)
which is utilized to connect said body (60, 126) to
said crossbeam (16).

4. A device (10) according to claim 1 wherein said de-
vice further comprises:

at least one crossbeam (122) extending be-
tween said suspensions (14); and
an anchor (124) attached to said crossbeam and
said substrate (110), said body (60, 126) con-
nected to said crossbeam.

5. A device (10) according to claim 1 wherein said at
least one deceleration extension (66, 100) compris-
es;
a bottom surface (106); and
at least one raised area (108) on said bottom surface,
said raised areas configured to reduce or eliminate
contact between said proof mass (12, 54, 56, 102)
and components of said device (10) under said proof
mass (12, 54, 56, 102).

6. A device (10) according to claim 1 wherein said at
least one deceleration extension (66, 100) and said
at least one deceleration beam (64, 128) are elon-
gated rectangular structures.

Patentansprüche

1. Vorrichtung mikroelektromechanischer Systeme
(Micro-Electro-Mechanical-Systems device,
MEMS-Vorrichtung) (10), umfassend:

ein Substrat (110), das mindestens einen Anker
umfasst;
eine Prüfmasse (12, 54, 56, 102), die mindes-
tens eine Abbremserweiterung (66, 100) um-
fasst, die sich von der Prüfmasse (12, 54, 56,
102) aus erstreckt;
einen Motorantriebskamm (18);
einen Motorerfassungskamm (20);
eine Vielzahl von Aufhängungen (14), die kon-

figuriert sind, um die Prüfmasse (12, 54, 56, 102)
über dem Substrat (110) und zwischen dem Mo-
torantriebskamm (18) und dem Motorerfas-
sungskamm (20) aufzuhängen, wobei die Auf-
hängungen (14) an dem Substrat (110) veran-
kert sind;
einen Körper (60, 126), der an dem Substrat
(110) befestigt ist; und
mindestens zwei Abbremsträger (64, 128), die
sich von dem Körper (60, 126) aus erstrecken,
wobei die Abbremsträger (64, 128) konfiguriert
sind, um die mindestens eine Abbremserweite-
rung (66, 100) zu ergreifen und um die Prüfmas-
se (12, 54, 56, 102) zu stoppen oder zu verlang-
samen, bevor die Prüfmasse in einen Kontakt
mit dem Motorantriebskamm (18) und dem Mo-
torerfassungskamm (20) tritt; wobei die Ab-
bremserweiterung (66, 100) und Abbremsträger
(64, 128) konfiguriert sind, um sich zu verbiegen,
wenn sie ergriffen werden und um eine Ab-
bremsfunktion für die Prüfmasse (12, 54, 56,
102) bereitzustellen; und
dadurch gekennzeichnet, dass
das Substrat (110) mindestens einen erhöhten
Bereich (112) umfasst, der konfiguriert ist, um
die Abbremserweiterung (66, 100) zu ergreifen,
wobei der erhöhte Bereich (112) konfiguriert ist,
um einen Kontakt zwischen der Prüfmasse (12,
54, 56, 102) und den Komponenten der Vorrich-
tung unter der Prüfmasse zu verringern oder
auszuschließen;
wobei die mindestens eine Abbremserweite-
rung (66, 100) umfasst:

eine Oberseite (114); und
einen erhöhten Bereich auf der Oberseite,
wobei der erhöhte Bereich konfiguriert ist,
um einen Kontakt zwischen der Prüfmasse
(12, 54, 56, 102) und den Komponenten der
Vorrichtung über der Prüfmasse zu verrin-
gern oder auszuschließen.

2. Vorrichtung (10) nach Anspruch 1, wobei die Vor-
richtung außerdem mindestens einen Querträger
(16) umfasst, der sich zwischen den Aufhängungen
(14) erstreckt, wobei der Körper (60, 126) mit dem
Querträger (16) verbunden ist und an dem Substrat
(110) befestigt ist.

3. Vorrichtung (10) nach Anspruch 2, wobei die Vor-
richtung außerdem eine Verankerungserweiterung
(62) umfasst, die verwendet wird, um den Körper
(60, 126) mit dem Querträger (16) zu verbinden.

4. Vorrichtung (10) nach Anspruch 1, wobei die Vor-
richtung außerdem umfasst:

mindestens einen Querträger (122), der sich
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zwischen den Aufhängungen (14) erstreckt; und
einen Anker (124), der an dem Querträger und
dem Substrat (110) befestigt ist, wobei der Kör-
per (60, 126) mit dem Querträger verbunden ist.

5. Vorrichtung (10) nach Anspruch 1, wobei die min-
destens eine Abbremserweiterung (66, 100) um-
fasst:

eine Unterseite (106); und
mindestens einen erhöhten Bereich (108) auf
der Unterseite, wobei die erhöhten Bereiche
konfiguriert sind, um einen Kontakt zwischen
der Prüfmasse (12, 54, 56, 102) und den Kom-
ponenten der Vorrichtung (10) unter der Prüf-
masse (12, 54, 56, 102) zu verringern oder aus-
zuschließen.

6. Vorrichtung (10) nach Anspruch 1, wobei die min-
destens eine Abbremserweiterung (66, 100) und der
mindestens eine Abbremsträger (64, 128) lang ge-
streckte rechteckige Strukturen sind.

Revendications

1. Dispositif (10) à systèmes microélectromécaniques
(MEMS) comprenant :

un substrat (110) comprenant au moins une
ancre ;
une masse étalon (12, 54, 56, 102) comprenant
au moins un prolongement de décélération (66,
100) s’étendant depuis ladite masse étalon (12,
54, 56, 102) ;
un peigne d’entraînement moteur (18) ;
un peigne de détection moteur (20) ;
une pluralité de suspensions (14) configurées
pour suspendre ladite masse étalon (12, 54, 56,
102) pardessus ledit substrat (110) et entre ledit
peigne d’entraînement moteur (18) et ledit pei-
gne de détection moteur (20), lesdites suspen-
sions (14) étant ancrées audit substrat (110) ;
un corps (60, 126) attaché audit substrat (110) ;
et
au moins deux poutres de décélération (64, 128)
s’étendant depuis ledit corps (60, 126), lesdites
poutres de décélération (64, 128) étant configu-
rées pour entrer en prise avec ledit au moins un
prolongement de décélération (66, 100) et pour
ralentir ou arrêter ladite masse étalon (12, 54,
56, 102) avant que ladite masse étalon ne tou-
che ledit peigne d’entraînement moteur (18) et
ledit peigne de détection moteur (20) ;
dans lequel lesdits prolongements de décéléra-
tion (66, 100) et lesdites poutres de décélération
(64, 128) sont configurés pour se plier lorsqu’ils
sont en prise et assurer la fonction de décélé-

ration pour ladite masse étalon (12, 54, 56,
102) ; et
caractérisé en ce que
ledit substrat (110) comprend au moins une zo-
ne surélevée (112) configurée pour entrer en
prise avec ledit prolongement de décélération
(66, 100), ladite zone surélevée (112) étant con-
figurée pour réduire ou supprimer le contact en-
tre ladite masse étalon (12, 54, 56, 102) et des
composants dudit dispositif sous ladite masse
étalon ;
dans lequel ledit au moins un prolongement de
décélération (66, 100) comprend :

une surface supérieure (114) ; et
au moins une zone surélevée sur ladite sur-
face supérieure, lesdites zones surélevées
étant configurées pour réduire ou supprimer
le contact entre ladite masse étalon (12, 54,
56, 102) et des composants dudit dispositif
au-dessus de ladite masse étalon.

2. Dispositif (10) selon la revendication 1, ledit dispositif
comprenant en outre au moins une traverse (16)
s’étendant entre lesdites suspensions (14), ledit
corps (60, 126) étant relié à ladite traverse (16) et
attaché audit substrat (110).

3. Dispositif (10) selon la revendication 2, ledit dispositif
comprenant en outre un prolongement d’ancrage
(62) qui est utilisé pour relier ledit corps (60, 126) à
ladite traverse (16).

4. Dispositif (10) selon la revendication 1, ledit dispositif
comprenant en outre :

au moins une traverse (122) s’étendant entre
lesdites suspensions (14) ; et
une ancre (124) attachée à ladite traverse et
audit substrat (110), ledit corps (60, 126) étant
relié à ladite traverse.

5. Dispositif (10) selon la revendication 1 dans lequel
ledit au moins un prolongement de décélération (66,
100) comprend :

une surface inférieure (106) ; et
au moins une zone surélevée (108) sur ladite
surface inférieure, lesdites zones surélevées
étant configurées pour réduire ou supprimer le
contact entre ladite masse étalon (12, 54, 56,
102) et des composants dudit dispositif (10)
sous ladite masse étalon (12, 54, 56, 102) .

6. Dispositif (10) selon la revendication 1 dans lequel ledit
au moins un prolongement de décélération (66, 100)
et ladite au moins une poutre de décélération (64, 128)
sont des structures rectangulaires allongées.
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