Lecture 20

Electric Springs and Microphone Design

e Lumped Parameter Electromechanical Dynamics
e Linear Differential Equations

e Equilibrium

* Linearization

< Microphone Design

» Applications of Electric Springs
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Lumped Parameter
Electromechanical Dynamics
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Linear Differential Equations
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Sinusoidal Solution
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Equilibrium
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Linearization
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Stability (1)
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Stability (11)
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Microphone (1)
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- J. R. Melcher, Electromechanical Dynamics, Part I, p.59, 1968.
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Microphone (1)
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Microphone (111)
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Microphone (1V)
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Microphone (V)
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Microphone (VI)
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Microphone (VII)
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Microphone (VIII)
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Tunable Micromechanical Resonator
-8IIFQ ATYE O|20HM SEFLI=E B A, From the Cornell University
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Figure 2 : Mechanical system schematic of the tunable
resonator shown in Figure 1.
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Figure 4 : a) Resonant frequency reduction actuator. Figure 7 : Replot of Figure 6 highlighting the linearity
b) Resonant frequency increasing actuator. of the frequency squared versus voltage squared relationship.

- Scott G. Adams et al., “Capacitance Based Tunable Micromechanical Resonators”, Transducer’'95, pp.438-441, 1995.
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Micro Accelerometer using Electric Spring
Stiffness Change
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Schematic drawing of micro accelerometer

using electric spring stiffness change
- K. Chun, SNU
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Micro Accelerometer using Electric Spring
Stiffness Change

* Gap sensitive Electrostatic stiffness changing effect
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- K. Chun, SNU
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Microloading and Footing Effects
; - Microloading effects
- Interdependency between the etch rate and the aspect ratio
- Wide trenches are etched more fastly than narrow trenches
- Footing or bowing phenomenon occurs.
— Structure shape deformation occurs.

- Footing effects
- Rapid lateral etching at the
silicon/oxide or polysilicon/ oxide
interface
- Evident in DRIE systems because of

high-density plasma

rate difference between
trenches
— ‘L’ shape comb electrodes
— Electric spring exists in
differential driving mode
. — Nonlinear differential driving
Fig. Comb actuator layout Fig. Footing phenomena characteristics
(bottom side of the structure)
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Modeling of Comb Shape Fabricated
by Footing Effect

Comb base Comb end

hp pum hy um

o

L um
Fig. Shape modeling of the comb electrode

- hy, h, (h; > h,) are the maximum and minimum heights of the ‘L’ shaped
electrode

— lis the length of the region where the height of the electrode increases
from h,to h,
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Resonant Frequency Change by Electric Springs

1. footing (modeling)
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Resonant frequency variation at various bias voltage
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2. no footing (ideal case)

Resonant Frequency[Hz]

- Modeling shows electric spring.
- The measured resonant frequency increases as the bias voltage increases.
- Electric spring effect is observed in the differential driving.

- June-Young Lee et al., “Electric spring modeling for a comb actuator deformed by the footing effect
in deep reactive ion etching”, JMM, Vol.13, pp.72-79, 2003.
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