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Multi-physics simulation for MEMS (microelectromechanical systems) is becoming an indispensable tool to 
comprehend the behavior of the system under test, where electrical and mechanical coupled response should 
be analyzed simultaneously . In this late news, we report a SPICE version of such multi-physics solver that is 
capable of microelectromechanical transient analysis, AC harmonic analysis, and electro-mechanical mixed-
signal simulation that can be performed seamlessly with the LSI simulation. Also, we are developing a new 
type of digital control chip that could drive a MEMS actuator as well as pick-up the displacement at the same 
time.	

　 We have developed a SPICE-based multi-physics simulator　
for MEMS that could handle both electromechanical and 
electrical simulation on a single platform. Equivalent circuit 
model for micromechanical device was directly synthesized 
from its analytical mathematic model by using an equation-
defined nonlinear current source. Unlike most MEMS 
simulators, our methodology has higher degrees of freedom 
in adapting to various MEMS devices, as compared in 
Table. Seamless extension to mask design layout is under 
development. And, we have developed a new type of digital 
control chip for All-Digital Control Integrated MEMS. 

This work has been extended to explore a new scheme of 
MEMS driver circuit based on the frequency division drive 
and control; an electrostatic MEMS micro actuator is 
regarded as a capacitor in the switched –capacitor circuit, 
and time sequentially connected to either the driver or 
capacitance-detection circuit at a speed over the mechanical 
response such that the actuator’s displacement is monitored 
in a very short time without causing degradation. This new 
scheme works as a digital shell between the analog-
controlled MEMS and digital controlled.	
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