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Abstract: In consideration of the effect of ambient temperature on the precise measurement of a
micromechanical silicon resonant accelerometer (MSRA) , the frequency drift of the resonant beam and
suppression methods were analyzed to improve its zero-bias stability in the ambient temperature. The
stress caused by structural thermal expansion was modeled and simulated and an improved structure
with a lower thermal stress was designed and fabricated to reduce the frequency shift caused by non-
matching of thermal expansion coefficients. The test experiments show that the temperature
coefficient of resonant frequency of the single beam decreases from about 30 Hz/°C to —1.5 Hz/C,
which is close to the simulated value of —1. 14 Hz/°C. To further improve the bias stability of the
MSRA., a precise temperature measurement circuit was designed to compensate the temperature shift,
and the circuit shows its temperature sensitivity to be 96. 25 mV/°C and the noise to be 0. 000 2 C. By
proposed optimizing structure and linear temperature compensation method, the bias stability of the

optimized MSRA is superior to 10 pg within 1 h at the room temperature, which is 80% higher than
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previous level of our laboratory (52 pg) and satisfies the requirements of high-precision acceleration

measurement.

Key words: micromechanical silicon resonant accelerometer; resonant beam; structure optimization;

temperature compensation; bias stability
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Tab.1 Main parameters of resonant beam
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Fig. 1 Structure of a typical double-clamped beam
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Fig. 2 Simulation of resonant frequency drift in ANSYS
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Fig. 3 Simulation results of resonant frequency drift
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Fig.4 Improved structure of beams
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Fig.5 A quarter of improved sensor structure
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Fig. 6 Simulation results of resonant frequency drift
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Fig. 7 Inner structure of vacuum package
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Fig. 8 Temperature drift experiments of improved structure
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Fig. 9 Structure diagram of resonant accelerometer
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Fig. 10 Temperature measurement circuit
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