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(57) Abstract: The present invention concerns a method for measuring a behaviour of a MEMS device (1) comprising a 6-axis or 9-
axis inertial sensor (2), wherein the method comprises the steps of: A. Mounting the MEMS device (1) to a testing apparatus (13) that
comprises a vibration source (14), B. Applying a vibration to the MEMS device (1) by the vibration source (14) and, simultaneously,

moving the testing apparatus (13) according to a predefined movement pattern, C. Reading output data provided by the inertial sensor

(2) and comparing the output data to the predefined movement pattern and/or D. Reading output data provided by the inertial sensor
(2) and calculating a frequency response curve of the inertial sensor (2). Moreover, the present invention also concerns an alternative

method for measuring the behaviour of a MEMS device.
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Description

Method for measuring a behaviour of a MEMS device

The present invention relates to a method for measuring a
behaviour of a MEMS device comprising an inertial sensor. The
behaviour of the MEMS device that is measured by this method
may be a mechanical attenuation behaviour in response to a

vibration being applied to the MEMS device.

It is known that an inertial sensor, for example a gyroscope,
may provide unreliable data when a disturbance, e.g.
vibration, is applied to the inertial sensor, in particular
when the frequency of the disturbance is close to the
resonance frequency of the inertial sensor. Due to the
ongoing trend for further miniaturization, in most MEMS
devices there is almost no space for damping material or
structures outside of a MEMS device that may damp a vibration
of the device. Thus, sound sources or other external
vibration sources may cause a major malfunction of the MEMS
device which can be difficult to counter with digital filters

or sensor fusion algorithms alone.

For this reason, a MEMS device comprising a damping structure
has been developed as disclosed in WO 2017/054868 Al. The
damping structure is spring and air-based and requires almost
no additional volume. It provides a fast attenuation of a
vibration applied to a MEMS device. However, in view of the
newly developed MEMS device comprising a damping structure,
the need has arisen to measure the performance of the damping

structure.
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Thus, it is an object of the present invention to provide a
method that allows to measure the behaviour of a MEMS device
in a response to a vibration being applied to the device. The
method is particularly relevant for MEMS devices comprising a
damping structure. However, the method can also be performed

to evaluate other MEMS devices.

A method for measuring a behaviour of an MEMS device
comprising a 6-axis or 9-axis inertial sensor is proposed

which comprises the steps of:

A. Mounting the MEMS device to a testing apparatus that
comprises a vibration source,

B. RApplying a vibration to the MEMS device by the vibration
source and, simultaneously, moving the testing apparatus
according to a predefined movement pattern,

C. Reading output data provided by the inertial sensor and

comparing the output data to the predefined movement pattern.

Additionally or alternatively to step C, the method can
further comprise the step D. Reading output data provided by
the inertial sensor and calculating a frequency response

curve of the inertial sensor.

Accordingly, the method allows to evaluate the accuracy of
the data recorded by the inertial sensor when a vibration is
applied to the MEMS device. Thus, the method may help to
evaluate i1f an inertial sensor is able to provide reliable
data even when a vibration is applied to the MEMS device. The
method may also help to evaluate a performance of a damping

of the MEMS device.
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A 6-axis inertial sensor can comprise a 3-axis gyroscope and
a 3-axis accelerometer. Accordingly, the 6-axis inertial
sensor can be configured to measure rotations and

accelerations into three dimensions.

A 9-axis inertial sensor can comprise a 3-axis gyroscope, a
3-axis accelerometer and a 3-axis compass. Thus, the 9-axis
inertial sensor can be configured to measure rotations and
accelerations into three dimensions and, additionally, to

measure an absolute position in three dimensions.

The inertial sensor may be part of an inertial measurement
unit (IMU). An inertial measurement unit is an electronic
device that measures and reports a body's specific force,
angular rate, and sometimes the magnetic field surrounding
the body, using a combination of accelerometers and
gyroscopes, sometimes also magnetometers. An inertial
measurement unit works by detecting linear acceleration using
one or more accelerometers and rotational rate using one or
more gyroscopes. Some also include a magnetometer which is
commonly used as a heading reference. Typical configurations
contain one accelerometer, one gyroscope, and magnetometer
per axis for each of the three vehicle axes. The three axes
are referred to as pitch, roll and yaw. The terms “pitch”,
“roll” and “yaw” are used in this context as common in flight
dynamics which is the science of air-vehicle orientation and
control in three dimensions. The angles of rotation in three
dimensions about the vehicle's center of mass are known as
roll, pitch and yaw. The inertial measurement unit may be
configured for inertial measurements with respect to six or

nine axes.
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The inertial sensor may be any sensor suitable for measuring
a linear or rotational movement or a linear or rotational
acceleration. For example, the inertial sensor may be a

gyroscope. The inertial sensor may comprise multiple sensors.

In step A the MEMS device is mounted to the testing
apparatus. In this context, mounting may be defined as a
temporary fixing. After the measurement has been completed,
the MEMS device may be removed from the testing apparatus. In
particular, multiple MEMS devices may be mounted to the
testing apparatus simultaneously. Further, multiple MEMS
devices may be measured simultaneously. Thus, the method is
suitable for mass production wherein multiple MEMS devices

are tested at the same time.

The testing apparatus may be any surface to which the MEMS
device can be mounted. For example, the testing apparatus may
be a printed circuit board or a measurement table. The
testing apparatus may be moveable, in particular tiltable.
The testing apparatus may be configured to be tilted with

respect to more than one axis.

The vibration source may be a piezoelectric vibration source
or an electromagnetic exciter. The vibration source may be
configured to apply a continuous or a discontinuous
vibration. The vibration source may be configured to apply a
vibration with a well-known amplitude and frequency. The
vibration source may be configured such that the amplitude
and/or the freguency of the vibration can be amended during

the measurement.

In step B, the MEMS device is moved according to a predefined

movement pattern. The movement pattern may comprise a
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sequence of defined movements of the testing apparatus. For
example, the predefined movement pattern may comprise tilting
movements of the testing apparatus. The testing apparatus may
be tilted in different directions and with different angular

rates.

As the predefined movement pattern is well-known, it is
possible, in step C, to compare the movements calculated
based on the output data provided by the inertial sensor with
the actual movement which is known from the predefined
movement pattern. Thus, step C may allow to calculate an
error by which the data provided by the inertial sensor
deviate from the actual position. Step C may be performed by

an evaluation unit outside of the MEMS device.

In step D, a fregquency response curve of the inertial sensor
is calculated based on output data provided by the inertial
sensor. The frequency response curve describes the response
of the inertial sensor to vibrations of different
frequencies. The frequency response curve may provide
information concerning the frequency dependency of deviations
of a measurement provided by the inertial sensor from a
correct value, wherein the deviation is caused by the

vibration.

The method provides the advantage that it can be performed
with an encapsulated MEMS device. Thus, no further
manufacturing steps are necessary after the measurement of
the behaviour. Instead, the measurement can be performed in a
last step of a final testing after the manufacturing process

is completed.
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The method can be performed simultaneously for many MEMS
devices. Moreover, the method can be performed very fast.
Thus, the method is adapted for a mass production of MEMS

devices.

The testing apparatus may comprises a 3-axis accelerometer
configured to measure a frequency of a vibration applied to
the MEMS device, wherein, in step B, the frequency of the
applied vibration is varied, and wherein, in step D, the
frequency response curve is calculated based on the output
data by the inertial sensor (2) and the data provided by the

3-axlis accelerometer.

The 3-axis accelerometer may have a resonance frequency which
differs from the resonance frequency of a 3-axis gyroscope of
the inertial sensor. Thus, the 3-axis accelerometer may not
be significantly affected by a vibration having a frequency
which corresponds to the resonance frequency of the 3-axis

gyroscope.

In step C, a software algorithm may determine whether the
difference between the output data provided by the inertial
sensor and the predefined movement pattern is within a
predetermined acceptance limit. Thus, the method allows to
check if a MEMS device fulfils a customer requirement
regarding robustness against disturbances. The roll angles
measured by the inertial sensor should not be affected during
tilting of the MEMS device if the MEMS device is working
inside the customer requirements. MEMS devices that do not
fulfil such reguirements may be rejected in a final testing

after a manufacture process is completed.
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According to the predefined movement pattern, the testing
apparatus may be tilted at a defined angular rate in
different directions during step B, wherein a roll angle and
a pitch angle may be calculated based on the output data
provided by the inertial sensor in step C. The roll angle and
the pitch angle may define the orientation of a rotation

axis.

In step C, the output data provided by the inertial sensor
may be evaluated using a sensor fusion algorithm comprising a
Kalman filter before comparing the output data to the
predefined movement pattern. The sensor fusion algorithm may
be suitable for removing an error in the measurement of the
inertial sensor. The Kalman filter may be a digital Kalman
filter. Using a sensor fusion algorithm comprising a Kalman
filter may significantly increase the accuracy in the
measurement results determined by the inertial sensor. In
particular, for vibrations having a rather small amplitude,
the sensor fusion algorithm may be able to remove the effect

of the vibration almost completely.

The inertial sensor may comprise a gyroscope. Gyroscopes tend
to be sensitive to disturbances that appear in a frequency
close to the gyroscopes resonance frequency. The gyroscope
may have different resonance frequencies with respect to

different axes.

The inertial sensor may be resiliently mounted on a carrier
by means of a spring element wherein an airgap is provided

between a top surface of the carrier and a bottom surface of
the inertial sensor, wherein a damping structure is applied
to at least one surface chosen from a first surface located

on the carrier and a second surface located on the inertial
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sensor. Accordingly, a damping of the inertial sensor may be
spring and air-based. The spring element may comprise a

metal, e.g. copper, or a silicon material. In particular, the
MEMS device may comprise a damping structure as disclosed in

WO 2017/054868 Al.

The method is particularly suitable for MEMS devices
comprising a damping structure as the method may allow to
evaluate the quality of the damping. However, it may also be
interesting to measure the effect of a vibration applied to a

MEMS device which does not comprise a damping structure.

The damping structure may be applied as a layer between the
inertial sensor and the carrier on one of the first and
second surface, wherein the layer comprises recesses and
wherein the recesses are at least measured to accommodate the
spring elements. The spring elements may comprise an
elongated structure that is linear, bent or angled, a first
end of the extended structure being coupled to a first anchor
point on the carrier and a second end of the extended
structure being coupled to a second anchor point on the
sensor system, wherein the height of the airgap normal to the
surface is smaller than the distance normal to the surface
between first and second anchor point. Thus, the damping

structure may be arranged to reduce the width of the airgap.

The inertial sensor may be encapsulated in a sealed package.
The method can be performed with an encapsulated MEMS device.
No opening in the package is required for performing the
measurement of the behaviour. Thus, no further manufacturing
steps are necessary after the method has been performed.
Instead, the method can be performed after a manufacturing

process has been completed.
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Multiple MEMS devices can be mounted to the testing apparatus
in step A, wherein the behaviour of the multiple MEMS devices
is measured simultaneously in steps B and C. The method is

suitable for a mass production.

The vibration applied in step B may be continuous or
discontinuous. When the vibration is applied discontinuously,
it can be measured how fast the MEMS device returns to its
normal operation mode, i.e. how effective a damping structure
can attenuate a vibration of the MEMS device. If the
vibration is applied continuously, it can be evaluated if the
MEMS device is functional even under vibration. Thus, the

tolerance of the device to vibration can be determined.

The testing apparatus can be rotated at an angular rate in
the range of 0.001 degrees/second to 1000 degrees/second
during step B. The rate can be changed during step B.

The vibration source may vibrate with a fregquency in the
range of 0.1 kHz to 1000 kHz during step B, preferably in the
range of 19 to 80 kHz and more particularly in the range of
20 to 35 kHz. This frequency range is typical for the
resonance frequency of an inertial sensor. Measurements with
a vibration having a frequency close to the resonance
frequency of the sensor are particularly relevant. The
frequency of the vibration can also be adapted to higher
frequencies, like an integer multiple of the resonance
frequency of one gyroscope or different gyroscopes in one
package so as to reach the range of special harmonics of the

MEMS device or multiple devices in one package.
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The vibration source can vibrate with an amplitude in the
range of 1 nm to 10 um during step B. The amplitude and the

frequency of the vibration may change during step B.

The testing apparatus is moved during step B such that the g-
rate in the range of 0.01 g to 100 g is applied to the MEMS
device. Preferably, the rate is between 0.5 g to 10 g. A g-
rate of more than 100 should not be applied as, otherwise,
the inertial sensor may be damaged by the g-force. A g-rate
below 0.01 should not be applied as it may be difficult to

measure such low g-forces with a sufficient accuracy.

The method may be performed to evaluate MEMS devices intended
for all kinds of purposes. For example, the MEMS device may
be used in consumer products, e.g. a smart cellphone or a
civilian drone. In smart cellphones and civilian drones,
inertial sensors are used to determine an orientation of the
respective device. Smart cellphones often comprise powerful
vibration sources, e.g. speakers. Civilian drones may be used
in environments with acoustic noise which may result in
vibrations of the drone. Thus, for consumer products like
cellphones and civilian drones, it is crucial to know if an
inertial sensor provides reliable data when a vibration is

applied to the consumer product.

The MEMS device may also be used in an electronic component
used for an automotive application. For example, a gyroscope
may be used for movement tracking in an automotive
application. Ultrasound haptic feedback may occur in the
automotive application which may result in a vibration of the

MEMS device.
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Inertial sensors, for example gyroscopes, may be used for

detecting acoustically caused vibrations, for example speech.

Furthermore, the MEMS device may also be used in a high wvalue
device, for example in a rocket, an airplane, a drone for
military or aerospace purposes. In such high value devices,
it is also important to know how the MEMS device responds to

a vibration.

According to another aspect, the present invention concerns a
method for measuring the behaviour of an MEMS device
comprising an inertial sensor, wherein the method comprises
the step of applying a vibration to the inertial sensor and
measuring the attenuation of the vibration using a laser
Doppler vibrometer. The method using the laser Doppler
vibrometer is more complicated and is less suitable for mass
production than the method according to the first aspect.
However, it may provide an improved accuracy. In a mass
production of a multitude of MEMS devices, a measurement of
the behaviour using a laser Doppler vibrometer may be
performed for a control sample comprising only a small number

of MEMS devices.

In order to perform this method, it has to be ensured that a
laser beam can be applied to the inertial sensor. The MEMS
device may comprise a cap which seals the inertial sensor,
wherein the cap is transparent for a laser beam used in the
laser Doppler vibrometer. Alternatively, the MEMS device may
comprise a cap which covers the inertial sensor, wherein the
cap has one or more holes, wherein a laser beam is applied to
the inertial sensor through one of the holes, wherein the one
or more holes are sealed after measuring the attenuation of

the vibration.
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In the following, the present invention is described in

detail with reference to the figures.

Figures 1 and 2 show MEMS devices comprising a damping

structure.

Figure 3 shows a setup for performing a measurement of a

behaviour of a MEMS device.

Figures 4 to 8 show results of different measurements.

Figure 9 shows another method of measuring the behaviour of a

MEMS device.

The present invention concerns a method for measuring a
behaviour of a MEMS device 1 comprising an inertial sensor 2.
The behaviour may, in particular, be a mechanical attenuation
behaviour in response to a vibration applied to the MEMS
device 1. Such a measurement is particularly relevant for a
MEMS device 1 which comprises a damping structure 3
configured to attenuate a vibration of the inertial sensor 2.

Figures 1 and 2 show such a MEMS device 1.

It is the purpose of the measurement to evaluate the
performance of the MEMS device 1 when the MEMS device 1 is
subjected to a mechanical disturbance, e.g. a vibration. The
measurement is designed to determine if the inertial sensor 2
can provide reliable information even if a vibration is
applied to the MEMS device 1. Moreover, the measurement is
designed to determine an attenuation of a vibration of the
MEMS device 1. For example, the measurement setup is designed
to determine how long it takes, after the disappearance of a

disturbance in form of a vibration, until the inertial sensor
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2 provides reliable data again. Thus, these measurements may
allow to evaluate the performance of the damping structure 3

and/or of a sensor fusion algorithm.

Figure 1 shows a cross section through the MEMS device 1. The
device 1 comprises an inertial measurement unit 4 that
comprises the inertial sensor 2. The MEMS device 1 may also
comprise a pressure sensor or a microphone. The inertial
measurement unit 4 is resiliently mounted onto a carrier 5
via spring elements 6. The spring elements 6 may comprise a
stand-off 7 on the carrier 5 and a free standing end
laterally extending therefrom. The inertial measurement unit
4 is bonded to the free standing end by means of bumps 8. Via
the spring element 6, stand-off 7 and bump 8 electrical
contact between second electrical contacts P2 on a bottom
surface 10 of the inertial measurement unit 4 and first

electrical contacts Pl on the carrier 5 i1is achieved.

The carrier 5 may be a multilayer printed circuited board
that may have a multilayer structure comprising at least one
wiring layer and other internal wiring connecting the first
electrical contacts Pl to external contacts P3 of the MEMS

device 1 on a bottom surface of the carrier.

A cap 9 is bonded to a top surface 12 of the carrier 5 via a
glue or solder. Between cap 9 and carrier 5 a volume is
enclosed accommodating at least the inertial measurement unit
4. The volume may be necessary for the function of the MEMS
device 1 and may provide protection against chemical and
mechanical impact from the environment. For clarity reasons
only the inertial measurement unit 4 comprising the inertial

sensor 2 is shown. But other components of the MEMS device 1
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like an ASIC for example may be accommodated too under the

cap 9.

An external shock may be able to induce a resonance of the
inertial measurement unit 4. This resonance may saturate the
inertial sensor 2 and disturb its sensing function. In order
to prevent such a disturbance, the MEMS device 1 comprises a
damping structure 3. In the embodiment shown in Figure 1, the
damping structure 3 is applied to the bottom surface 10 of
the inertial measurement unit 4. The damping structure 3
comprises recesses to accommodate the spring elements 6.
Thereby the airgap 11 between the bottom surface 10 of the
inertial measurement unit 4 and the top surface 12 of the
carrier 5 is reduced. As the spring elements 6 are mounted to
an anchor point on the bottom surface 10 of the inertial
measurement unit 4 “below” the damping structure 3 the
maximum mutual movement of inertial measurement unit 4 versus
carrier 5 is limited by the air gap 11 between top surface 12
of carrier 5 and a bottom surface of the damping structure 3.
The air gap 11 is reduced with regard to a device which does
not comprise a damping structure 3. The height of the air gap
11 is set to a value small enough that squeeze film damping

occurs.

Figure 2 shows a cross section of a MEMS device 1 according
to a second embodiment of the invention. Different from the
first embodiment of figure 1, the damping structure 3 is
applied to the top surface 12 of the carrier 5. The thus
reduced air gap 11 is formed between a top surface on the
damping structure 3 and the bottom surface 10 of the inertial
measurement unit 4. The same effect is achieved by this
embodiment as the same squeeze film damping occurs at this

air gap 11.
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Figure 3 shows a measurement setup which enables a measuring
of the mechanical attenuation behaviour of a MEMS device 1.
The measurement setup comprises a testing apparatus 13. The
testing apparatus 13 may be a measurement table or a printed

circuit board.

The MEMS device 1 is mounted to surface of the testing
apparatus 13, for example to a top surface. Further, the
measurement setup comprises a vibration source 14 which is
fixed to the testing apparatus 13. According to the
embodiment shown in Figure 3, the vibration source 14 is
mounted to a bottom surface opposite to the top surface of
the testing apparatus 13. Alternatively, the vibration source
14 may also be mounted to the top surface of the testing
apparatus 13. The vibration source 14 is configured to apply
a vibration to the testing apparatus 13. The vibration source
14 may be an electromechanical exciter or a piezoelectric

vibration source.

The testing apparatus 13 is configured to be moved according
to a predefined movement pattern. In particular, the testing
apparatus 13 is configured to be tilted relative to one axis
or to be tilted relative to multiple axis. In particular,
according to the predefined movement pattern, the testing
apparatus 13 is tilted at a defined angular rate in different
directions. This predefined movement pattern is well-known

with a high precision.

The MEMS device 1 comprises the inertial sensor 2. In
particular, the MEMS device 1 may comprise the inertial
measurement unit 4 configured to measure inertial movements
with respect to six or nine axes. The inertial sensor 2 may

comprise one or more gyroscopes. In particular, the MEMS
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device 1 may be the device shown in Figure 1 or the device

shown in Figure 2.

For measurement of the behaviour of the MEMS device 1, a
vibration is applied to the testing apparatus 13 and,
thereby, to the MEMS device 1 by the vibration source 14. At
the same time, the MEMS device 1 is moved according to the

predefined movement pattern.

The output data provided by the inertial sensor 2 are read
out and compared to the predefined movement pattern. This
allows to determine an error which results from the vibration

being applied to the MEMS device 1.

The output data provided by the inertial sensor 2 are
analysed and a software algorithm determines whether the
deviation of the output data from the predefined movement
pattern is within a predefined acceptance limit. This allows
to determine whether the MEMS device 1 has an attenuation

behaviour that is within given customer specifications.

The output data provided by the inertial sensor 2 may first
be evaluated in a sensor fusion algorithm comprising a Kalman
filter. The sensor fusion algorithm may be carried out in the
ASIC inside the MEMS device 1. Alternatively, raw output data
provided by the inertial sensor 2 may be applied to an
evaluation unit outside of the MEMS device 1 and the sensor
fusion algorithm may be performed in the evaluation unit

outside of the MEMS device 1.

The testing apparatus 13 further comprises a 3-axis

accelerometer 20.
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Figure 4 shows an example of the output data provided by the
MEMS device 1 in response to a movement of the testing
apparatus 13 and a simultaneous vibration being applied by
the vibration source 14. The output data shown in Figure 4
are the output data provided by the sensor fusion algorithm
wherein the raw data provided by the inertial sensor 2 have
been evaluated using a Kalman filter. On the horizontal axis,
a time after the start of the measurement in seconds is
shown. On the vertical axis, the angle of rotation as
calculated from the output data is shown wherein the output

data have been evaluated using a sensor fusion algorithm.

It can be seen in Figure 4 that the output data result in a
rather smooth curve. Thus, the data show that the inertial
sensor 2 was able to perform a reliable measurement even when

the MEMS device 1 is vibrated.

Figure 5 shows the result of another measurement. On the
horizontal axis, a time after the start of the measurement in
seconds is shown. On the vertical axis, the angle of rotation
as calculated from the output data is shown wherein the raw
output data are shown which have not been evaluated using a
sensor fusion algorithm. The inertial sensor 2 is a
gyroscope. It is clearly visible in the data shown in Figure
5 that a vibration has been applied with the resonance
frequency of the inertial sensor 2 at the time of 0.0
seconds. Due to the resonance behaviour of the gyroscope, the
raw data provided by the inertial sensor 2 shown a large

error and cannot be considered as being reliable.

Figure © shows the result of another measurement wherein a
MEMS device 1 has been moved according to a predefined

movement pattern and, simultaneously, vibrated. On the
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horizontal axis, a time after the start of the measurement in
seconds 1s shown. On the vertical axis, a difference between
the roll angle of the testing apparatus 13 which is known in
the predefined movement pattern and the roll angle as
calculated by a sensor fusion algorithm is shown. It is shown
in Figure 6 that the roll angle as calculated by the sensor
fusion algorithm deviates from the actual roll angle up to
-7°. This deviation is due to resonance effects. Thus, this
measurement shows that a damping provided by the damping
structure was not strong enough to guarantee reliable data in

this case.

Figures 7 and 8 show the result of another measurement of
this kind. In Figures 7 and 8, the same measurement is shown,
only the scale of the respective vertical axis differs.
Again, a time after the start of the measurement in seconds
is shown on the respective horizontal axis. On the vertical
axis, a difference between the roll angle of the measurement
table which is known in the predefined movement pattern and
the roll angle as calculated by a sensor fusion algorithm is

shown.

A vibration has been applied form the start of the
measurement at 0.0 seconds until 8.5 seconds. It can be seen
in both figures that, after the vibration stops, the inertial
sensor 1s damped very fast and provides reliable data less
than 0.1 seconds after the end of the vibration. Thus, the
measurement allows to determine the performance of the

damping structure.

The above-described measurement can be performed
simultaneously for multiple MEMS devices 1. In particular,

multiple MEMS devices 1 can be mounted onto the testing
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apparatus 13 and evaluated simultaneously. Thus, the

measurement is suitable for a mass production of a multitude
of MEMS devices 1. The measurement may be performed after a
manufacturing process of the multitude of MEMS devices 1 has
been completed as part of a performance and reliability test

of the MEMS devices 1.

In particular, the measurement can be performed after the
MEMS device 1 has been encapsulated with the cap 9.
Accordingly, no further production steps have to be performed
after the measurement which could, otherwise, influence the

damping behaviour.

The measurement can be performed and evaluated very fast.
This also helps to enable the measurement for mass production

of multiple MEMS devices 1.

Figure 9 shows another method of measuring the behaviour of
the MEMS device 1. First, a vibration is applied to the MEMS
device 1. Further, a laser beam 15 is applied to the inertial
sensor 2. The vibration of the inertial sensor 2 is
determined by a laser Doppler vibrometer using the laser beam
15. The cap 9 comprises a hole 16 wherein the laser beam 15
can access the inertial sensor 2 through the hole 16. In an
alternative embodiment, the cap 9 is transparent for the

laser beam 15.
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Claims (We claim)

1.

Method for measuring a behaviour of a MEMS device (1)
comprising a 6-axis or 9-axis inertial sensor (2),
wherein the method comprises the steps of:

A. Mounting the MEMS device (1) to a testing apparatus
(13) that comprises a vibration source (14),

B. Applying a vibration to the MEMS device (1) by the
vibration source (14) and, simultaneously, moving the
testing apparatus (13) according to a predefined
movement pattern,

wherein the method further comprises the steps of:

C. Reading output data provided by the inertial sensor
(2) and comparing the output data to the predefined
movement pattern,

and/or

D. Reading output data provided by the inertial sensor
(2) and calculating a frequency response curve of the

inertial sensor (2).

Method according to claim 1,

wherein the testing apparatus (13) comprises a 3-axis
accelerometer configured to measure a frequency of a
vibration applied to the MEMS device,

wherein, in step B, the frequency of the applied
vibration is wvaried, and

wherein, in step D, the frequency response curve ig
calculated based on the output data by the inertial
sensor (2) and the data provided by the 3-axis

accelerometer.
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Method according to claim 1 or 2,

wherein, in step C, a software algorithm determines
whether the difference between the output data provided
by the inertial sensor (2) and the predefined movement

pattern is within a predetermined acceptance limit.

Method according to one of the preceding claims,

wherein according to the predefined movement pattern,
the testing apparatus (13) is tilted at a defined
angular rate in different directions during step B, and
wherein a roll angle and a pitch angle are calculated
based on the output data provided by the inertial sensor

(2) in step C.

Method according to one of the preceding claims,
wherein in step C and/or in step D, the output data
provided by the inertial sensor (2) are evaluated using
a sensor fusion algorithm comprising a Kalman filter
before comparing the output data to the predefined

movement pattern.

Method according to one of the preceding claims,

wherein the inertial sensor (2) comprises a gyroscope.

Method according to one of the preceding claims,
wherein the inertial sensor (2) is resiliently mounted
on a carrier by means of spring elements,

wherein an air gap is provided between a top surface of
the carrier and a bottom surface of the inertial sensor
(2),

wherein a damping structure is applied to at least one

surface chosen from a first surface located on the
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10.

11.

carrier and a second surface located on the inertial

sensor (2).

Method according to the preceding claim,

wherein the damping structure is applied as a layer
between the inertial sensor (2) and the carrier on one
of first and second surface,

wherein the layer comprises recesses, and

wherein the recesses are at least measured to

accommodate the spring elements.

Method according to one of claims 7 or 8,

wherein the spring elements comprise an elongated
structure that is linear, bent or angled,

a first end of the extended structure is coupled to a
first anchor point on the carrier,

a second end of the extended structure is coupled to a
second anchor point on the sensor system,

the height of the air gap normal to the surface is
smaller than the distance normal to the surface between

first and second anchor point.

Method according to one of the preceding claims,
wherein the inertial sensor (2) is encapsulated in a

sealed package.

Method according to one of the preceding claims,
wherein multiple MEMS devices (1) are mounted to the
testing apparatus (13) in step A and wherein the
behaviour of multiple MEMS devices (1) is measured

simultaneously in steps B and C.
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12.

13.

14.

15.

le.

Method according to one of the preceding claims,
wherein the vibration is applied continuously or

discontinuously during step B.

Method according to one of the preceding claims,
wherein the testing apparatus (13) is rotated at an
angular rate in the range of 0.001 deg/s to 1000 deg/s
during step B.

Method according to one of the preceding claims,
wherein the vibration source (14) vibrates with a
frequency in the range of 0.1 kHz to 1000 kHz during
step B and with an amplitude in the range of 1 nm to 10
um during step B.

Method for measuring the behaviour of a MEMS device (1)
comprising an inertial sensor (2),

wherein the method comprises the step of:

applying a vibration to the inertial sensor (2) and
measuring the attenuation of the vibration using a laser

Doppler vibrometer.

Method according to claim 15,

wherein the MEMS device (1) comprises a cap which seals
the inertial sensor (2), wherein the cap is transparent
for a laser beam used in the laser Doppler vibrometer,
or

wherein the MEMS device (1) comprises a cap which covers
the inertial sensor (2), wherein the cap has one or more
holes,

wherein a laser beam is applied to the inertial sensor

(2) through one of the holes, wherein the one or more
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holes are sealed after measuring the attenuation of the

vibration.
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