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Introduction: Auir damping can be detrimental to the performance of

vibrating MEMS components. Quantitative evaluation of the damping is
challenging due to the complex interaction of air with moving structures

and typically requires numerical simulations. A full three-dimensional

analysis can be computationally very expensive, time consuming and not
feasible. Here, we present a simplified two-dimensional modeling of

damping per unit length of selected MEMS structures. The simulated air
damping results were compared with experimental measurements
of corresponding piezoactuated resonators: in-plane and out-of-plane
tuning forks, two types of out-of-plane cantilevers and a torsional
micromirror. The applicability of the simplified model is verified by a good
(2-30%) agreement between the simulated and measured Q-values.

Cross-sections 100x50 (C1) and

Cross-section 100x50 um (TF1)

Simplified 2D COMSOL flow model: Initially deformed

beam with a tip displacement A is subdivided into narrow
cross-sections of width dx and mass dm, each displaced
by an intial amplitude A,, such that the envelope of the {A}
resembles the initial mode shape of the beam. The cross-
sections oscilate vertically and synchronously at the
resonance frequency of the original beam due to the
action of numerical spring forces dk. The approximation is
justified if the beam length is much greater than its other
dimensions (the air flow profile can be assumed 2D), and
the flow is laminar with negligible interaction of air flows
induced by neighbouring cross-sections. The simulations
were in time domain. The Q-values were estimated from
the logarithmic decrement of the amplitudes A..
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In-plane tuning fork.

R, =1.37e+006 O; L, =3.90e+002 Hn; C,, =9.45e-015 F;
C,=8.85e-012 F; Q= 147; f,=8.29e+004 Hz; k® =1.32e-003
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R, =3.19e+004 ; L =3.94e+002 Hn; C, =9.27e-015 F;
C,=8.84e-012 F; Q= 6459; f,=8.32e+004 Hz; k¥ =1.29e-003
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Experimental characterisation:

The characterisation of the

devices was based on measuring
their electrical frequency-
admittance curves around the
resonance. The mechanical Q-
values both in vacuum and air
were derived from the R, L,.C -C,
equivalent circuit fits. Damping
due to the viscious damping force
(Q in air) is then

1 1 1

— |
Qair Qflow Qvacuum

o _Jree space o The simulated systems aimed at
" e e v . . _
$ '\“j//‘"“““:i?tn 11477 s |/ §  modeling the air damping of selected
¢ W\ V0 /g MEMS devices. The test devices
) ::;l/"'i‘“ﬁ\x bi R L FI Pt P (Tf*\!f:; i were fabricated using c-SOI
transitic:rn‘f"1 direct air resistance ?Ltransition technology (Cavity Si on insulator).
38 T HE The air flow damping invloves
E flz several types of flow. The devices
% | % were actuated by means of thin (1
S reres s R R T - ini itri i
N N —e /| um) aluminium nitride piezolayers
| ST e processed on top of the released
%, squeeze film & structures.

1 MHz

Out-of-plane tuning fork.
Cross-sections 26x50 and 52x50
um (TF2)
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Torsional mirror.
Cross-section 40050 ym (M)

Fluid-solid interface

c) dF;dk(AiJrV)/ Reynolds number (Re):
Nosip AT ¥ No sip 0.01...5.27. The flow is
. |E laminar.
dF = — - dk(A; +v) >
S| ta, ¥ NG Knudsen number (Kn):
120 um 3.5...7x103 (gap sizes
Slip are 10-20 ym). Slip flow
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HE | Mach number (M): Max
0.0| - velocities are < 8 m s’
(<< 330 m 7).

_0_5W Incompressible flow.
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amplitude [pm]

time [s]
device | 10, kHz Q Q Q Q Agreement
in air vacuum flow simulated
C1 80 150 6500 153 168 91%
C2 80 180 6530 185 265 70%
TF1 250 1200 40000 1240 1190 96%
TF2 1000 5600 16000 8615 8820 97%
M 50 175 50000 176 214 82%

T'he studied test systems involve various types of motion within pre-etched

cavities (in-plane, out-of-plane, torsional) and in a wide range of
frequencies (104...10° Hz). The Q-values from simplified 2D simulation
agree very well with the experimentally measured values. The good
agreement of the simulation and experiment validates the model and its
applicability for modeling of air damping in other MEMS systems.

The fabrication of the samples used in this study was funded by

Collaborative Project PiezoMEMS (TEKES, Murata Electronics Oy, TDK-EPC, contact: sergey.gorelick@vtt.fi
Okmetic Oy and VTT) visit : http://www.vtt.fi

Excerpt from the Proceedings of the 2013 COMSOL Conference in Rotterdam




