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Summary

This thesis presents a study of high-resolution micro-electro-mechanical systems
(MEMS) accelerometers and comprises seven chapters.

Chapter 1 introduces the study. High-resolution MEMS accelerometers can be applied
in industries, disaster prevention, and healthcare. The purpose of this study is to develop
a high-resolution MEMS accelerometer, its evaluation, and applications. The target
resolution of the MEMS accelerometer is also described as sub-1mG (1 G = 9.8 m/s?).

Chapter 2 presents the high-resolution techniques of the MEMS accelerometer. The first
technique is to reduce the mechanical noise; high-density gold is utilized as a proof mass,
where silicon is conventionally used. The second technique is to reduce the electrical
noise; a time-domain capacitive-sensor interface (CSI) is employed instead of commonly
used voltage-domain CSls. The third technique is to control the proof-mass position using
a high-voltage force-feedback system. To evaluate the resolution of MEMS
accelerometers, a tilting board is used to generate microgravity acceleration. As an
application of the MEMS accelerometer, a high-resolution inclinometer is designed.

Chapter 3 reports a tri-axis MEMS device with a single gold proof mass and fully
differential sensing electrodes. The proposed MEMS device is fabricated using multi-
layer metal technique. Experimental results show sub-1uG/HzY? low-noise characteristics.

Chapter 4 discusses the design of a time-domain CSI based on a relaxation oscillator,
which operates without a reference capacitor. The noise reduction principles of the
proposed CSI are described analytically. The CSI is fabricated with a 0.18-um CMOS
process. Experimental results show low-noise response with the relatively simple CSI
architecture in comparison with conventional voltage-domain CSls.

Chapter 5 describes a high-voltage step-up/step-down circuit implemented for the force-
feedback system. The proposed circuit uses triple-well transistors and well-bias
techniques, and it is fabricated by a standard 0.18-um CMOS process. Experimental
results show that the circuit can generate voltages that exceed the breakdown voltage of
the transistors.

Chapter 6 discusses the design of an inclinometer based on a high-resolution MEMS
accelerometer module composed of the proposed MEMS device and CSI. Experimental
results show that the module can detect sub-1mG acceleration and that it functions as an
effective high-resolution inclinometer.

Chapter 7 summarizes the study and discusses the prospects for high-resolution MEMS
accelerometers. To further improve the resolution, integrated CMOS-MEMS technology
is discussed as one of the key approaches.

In conclusion, the techniques proposed in this thesis pave the way for the development
of high-resolution MEMS accelerometers.



