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Closed-loop control for resonant accelerometer based on
electrostatic stiffness
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Abstract: We investigate the requirements of closed-loop control for a resonant micro-accelerometer, for which we
develop a closed-loop of gain-control for stabilizing the amplitude and a phase-locked loop for tracking the frequency.
Because of the obstacle of high order of nonlinearity of the system, we had to employ the average method for analyzing the
system stability and determining the equilibrium point. The analysis reaches a critical condition for the integral controller
in the stable tracking of the closed-loop frequency. As for the amplitude-stabilization loop with auto-gain, the analysis
shows that an oscillation with constant amplitude can not be achieved without a PI controller. When the PI controller is
introduced, the oscillation amplitude and the performance index are independent from the frequency, and the same value
of amplitude can be realized by a smaller value of the reference voltage. Simulation results confirm the above conclusions.

When combined with the theoretical analysis, they are instrumental to the design and testing of driving circuits.
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Fig. 1 Double close-loops control for resonant accelerometer
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Fig. 2 Frequency tracking control system for resonant accelerometer
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Table 1 Structure and circuit Parameters for

accelerometer
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