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Nonlinear Analysis of Electromechanical Behavior in Carbon Nanotube Devices
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ABSTRACT

In this study a cantilevered carbon nanotube(CNT) switch was investigated with the linear and the nonlinear structural
models incorporating the electrostatic force and van der Waals interactions between the CNT and ground surface. Due to
the applied voltage and van der Waals interactions the CNT deforms statically and dynamically and finally pull into the
surface. When the nonlinear model is considered in case of the relatively large gap between the CNT and the surface, the
static pull-in voltage was increased due to the nonlinear hardening effect. Also the dynamic response was investigated
with the different external dc and ac voltages. The CNT shows various dynamic behaviors and instabilities including
dynamic pull-in. Based on this study, further research on the dynamic and nonlinear stability of CNT nanodevices should
be requested to develop the new type of nano switches or nano-memory.
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Table 1 Parameters in this paper

Symbol Physical meaning Value
L Length of CNT 50nm
R Radius of CNT 1nm
E Young’s modulus of CNT 1.2TPa
g Initial gap between CNT and 4nm
0 ground plane 20nm
| Moment of the inertia of cross- 7 Re
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w* with (a) linear and (b) nonlinear model with 20nm gap
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