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Energy Efficiency of Pulse Driven Bent-Beam Electrothermal Actuators
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This paper investigates the dynamics of bent-beam electrothermal actuators and their
use in impact actuation of bi-stable switch, and in particular the issue of energy
efficiency achieved by temporal variations in electrical drive signals. A transient
thermal model of an actuator beam shows that the uniformity of temperature profile is
greater when activating with short electrical pulses, which results in larger achievable
displacements and forces. A transient analysis by FEM reveals that using a train of
pulses, referred to as a burst pulse, for activation achieves significant impact forces due
to high velocities at the point of impact.
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Fig.1 Schematic of the bi-stable switch with bent-beam actuators.
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Fig.2 Model for transient-thermal analysis of bent-beam actuator

Tablel Parameters for finite difference method
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Parameter Value Units
Thermal diffusivity o 1.14x108 um?/s
Specific heat ¢ 3.86x10" plkg/K
Density P 8.90x10713 Kg/um?
Joule heat q 2.70x10° pW/um?
Heat transfer 4
coefficient H 6.00x10 pW/um/K
Width Wy 10 pum
Height hy, 27 pum
Length L 3000 pum
9.19~22, AR )
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Fig.3 Temperature profile along with the length of the beam

changing with time
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Table 2 Dimension of actuators and bi-stable switch

Value(um) Value (um)
Lal 3000 Lbv4 25
La2 700 Lbs 130
wal 10 wbl 3
wa2 20 wb2 5
gl 5 wb3 5
g2 60 O(degrees) 3
g3 30
Table 3 Material properties
Parameter Value Units
Young’ modulus 11 GPa
Poisson’s ratio 0.33
CTE 16.8x10° /K
Specific heat 386 J/kg/K
Density 89000 kgf/m?
Heat transfer coefficient 60000 W/m*/K
Electrical resistivity 5x108 Q-m
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Fig.4 Impact velocity of the tip of bent-beam actuator
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