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Dynamics and Vibration are important in MEMS  Prologo

C

 This presentation will illustrate vibration and dynamic testing
and modeling.

» Stress

» Deflections
* Fracture
 Etc.

* Electrical :- Static
» Functional testing * Mechanical=———+ Dynamic + Tribology
* Optical

 Dynamics
* Etc Y

* Vibration
e Shock
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Mechanical Dynamic Measurements 2 BEur.eg.::

con laser
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* A laser Doppler vibrometer (LDV) in the
optical train of a microscope measures
the motions of MEMS.

» Laser spot has ~1 ym diameter .

« A vacuum chamber enables testing at
various pressures.

Vacuum Chamber

Sandia
National
Laboratories



Sensor Testing Examples

APPLIED PHYSICS LETTERS 92, 114102 (2008)

Highly sensitive mass detection and identification using vibration
localization in coupled microcantilever arrays

Matthew Spletzer,’ Arvind Raman,’® Hartono Sumali,? and John P. Sullivan®

'School of Mechanical Engineering and the Birck Nanotechnology Center, Purdue University,

West Lafayette, Indiana 47907, USA

“Applied Mechanics Development Department, Sandia National Laboratories, Albuguerque, New Mexico
g?h’ii USA

“Center for Integrated Nanotechnology Science Department, Sandia National Laboratories, Albuguergue,
New Mexico 87185, USA




Laser Doppler Vibrometer measures the Mig
vibrations of an AFM cantilever probe at

o Measured with laser Doppler vibrometry, in
a vacuum chamber.

A bending mode,440kHz

Torsion mode,190kHz
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An array of micro cantilevers is capable of
measuring 10 picogram of mass.

Vibration mode shape of
array without mass.

Vibration mode shape of
array with 10 picogram (10-14
kg) mass attached.
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Dynamics of a MEMS Mirror
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Hexagonal mirror is actuated by three actuators.

» Electrostatic actuation,
measured.

Three actuators enable three degrees
___ of freedom:
I Vertical
Tilt about x
Tilt about y

« Mirror array enables e B
many types of optical
processing.
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Step voltage to one actuator causes tilting. E%ﬁz“
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» Only Actuator A was connected.

» Actuators B and C were
grounded.

* Measured motion is shown
here.
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Espejo con
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Step voltage to three actuators causes vertical

|Iftlng actuadores
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Stepped from 0V to 149V to OV.
Actuators A, B and C were connec
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Return motion is slowed down by gas damping. ’3;";%2
- das
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» Squeeze-film damping slows down the motion significantly.
 especially when the mirror is close to the substrate.
« Squeeze-film damping needs to be studied and understood in design.
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Squeeze-Film Damping in MEMS
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Amortiguacion

Gas damping is important in MEMS. de v'ggarfggr;
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Motivation:

* Many micro/nano devices need high Q factor. Examples abound in
« MEMS switches need high speed (high Q).
» Resonant cantilever sensors need high responses.
« MEMS gyroscopes.
« MEMS accelerometers need controlled damping.
* Damping can reduce Q from several hundred thousands to below ten.

* Squeeze-film damping determines the dynamics of plates moving a few microns
above the substrate.

« Continuum models are not known to be valid in rarefied (free molecule) regime.
* Molecular-dynamics-based models for predicting squeezed-film damping give
different results.

* So which model should one use?
» Need experimental validation!

» Published experimental data were obtained for squeeze-film damping on flexible
structures. Have been used to validate theory derived for rigid structures.

Objective:
* Provide experimental validation to squeezed-film damping models for rigid plates.
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: : - Amortiguacion
Squeezed fluid damps oscillation. de Weion
por gas
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Plate oscillates at fequency .

ﬂ)scillating \ %
plate ‘A %
________ ]l__.___-__._._-__.. =
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The squeezed fluid between the plate and the substrate creates damping forces on the plate.
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Present measurement was done on an Aﬂg’%‘gg
oscillating plate. por gas

16

* Structure is electro-plated Au.

 Thickness around 5.7 pum.
* Substrate 1s alumina.

Folded-cantilever springs

Plate width

A =29717(um)? 154.3 pm

a =154.3 um

Air gap between plate and substrate/
Mean thickness = 4.1 pum.

Anchored to substrate

» Assumed width a and length b, wf
where ab = true plate area.
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Measurement uses LDV and vacuum chamber. A”;‘;”V?i%‘ggggg
por gas
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 Substrate (base) was shaken
with piezoelectric actuator.

« Scanning Laser Doppler
Vibrometer (LDV) measures
velocities at base and at
several points on MEMS
under test.

Mi i
1Croscope Die under test
Laser beam
v
PZT actuator aenm
chamber
(shaker)
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Experimental modal analysis gives natural
frequency, damping and mode shapes.

Measured deflection shape, first mode.

. 16910Hz. Up-and-down.

. e

 Tests were repeated at different air pressures from
atmospheric (640 Torr) to near-vacuum (<1
milliTorr).
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Amortiguacion
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Test data were compared with several theories.

Pressure, Pa
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Conclusions

3-D) FE Maodel

* Dynamics is important in MEMS. J

ig. 5. Egquralence hetween 11 FEM and 1-1D model.

 Laser Doppler vibrometry enables high-resolution measurement of MEMS
motion.

* We have seen the measurement of the vibration modes of an AFM probe
cantilever, and a cantilever array capable of detecting ten picograms of mass.

* We have studied the dynamics of a hexagonal mirror with three actuators.
» Squeeze-film damping slows down the motion.

» Experimental study of squeeze-film damping validate two theories and invalidate
most of other theories.

» Sandia National Laboratories conduct extensive research on MEMS,
and collaborates with many universities and private companies.
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