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Abstract

This research begins with an examination of the advantages, disadvantages, and the necessity for advancements
in accelerometers, and it introduces the topologies of capacitive switching readout interface circuits, including
both open-loop and closed-loop configurations. It then presents the building blocks of the proposed open-loop
interface circuit, such as the capacitive sensor, charge-sensitive amplifier (CSA), voltage-controlled oscillator
(VCO), phase detector, and charge pump circuits. The focus of this thesis is on designing a low-noise open-
loop readout interface circuit using a capacitive microelectromechanical system (MEMS) sensor. The proposed
system’s performance is largely independent of the sensor’s quality factor, which is a key determinant of the
system’s settling time and could potentially lead to saturation of either the sensor or the interface circuit. To
enhance the loop gain and reduce nonlinearity in the circuit structure, the VCO frequency is controlled by the
CSA output. This approach allows the phase-locked loop (PLL) to innovatively amplify the CSA output with
very low nonlinearity, thereby improving the overall performance of the interface circuit while reading the
sensor. According to the results, the proposed system outperformed similar circuits, despite being designed
independently of the final application, making it a general-purpose system. However, the system’s advanced
performance exceeded the author’s expectations. The designed interface circuit is capable of detecting capaci-
tance changes in the range of 0.68 aF, equivalent to a 60.6 dB dynamic range. The total power consumption of

the system is 9.18 mW with a 1.8 V' power supply.
Key Words:

Interface circuits, MEMS capacitive sensor, PLL, Switched-cap circuits, VCO, PD, CP.
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