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ABSTRACT

Micromachined inertial sensors including accelerometers and gyroscopes have grown
rapidly into a major type of MEMS products over the past two decades. They have a wide
range of applications in automotive, consumer electronics, computer system, navigation,
sports and health care. The trend towards miniaturization and higher performance results in
electronics playing a more and more important role in integrated inertial sensors. Furthermore,
low noise and low-power consumption is becoming critical consideration in the interface
circuit of these sensors.

In this dissertation, an interface circuit for MEMS capacitive sensors is designed in 0.18
um CMOS technology. The circuit is composed of two blocks: front-end and back-end
blocks. In the front-end circuit which is connected directly to the sensor, offset and low-
frequency noise reduction are vital necessities. In this dissertation, two commonly noise
reduction techniques which are called CDS and CHS are used simultaneously in the front-end
block. In fact, a comparison between performance of the proposed circuit and the circuits
using only CDS and CHS technique is presented. The proposed circuit has the lowest
sensitivity to parasitic capacitances. In other words, the circuit capacitance resolution change
is less than 1 aF for up to 20 pF parasitic capacitance variations.

Another main goal of this thesis is exact noise analyses of these noise reduction
techniques employed in the switched-capacitor interface circuits. In other words, accurate
resolution equations have been achieved for interface circuits using only CDS, only CHS, and
combination of CDS and CHS techniques. There are good agreement between simulation
results and the analytical expressions. Furthermore, a unity-STF second-order modulator is
designed for the back-end block of the interface circuit in order to digitize the input sensor
acceleration. One of the major considerations of this dissertation is designing variable gain
circuits for both front-end and back-end blocks. The designed and proposed interface circuit
can detect capacitance changes in the range of 1 aF to 1.32 pF which is equal to 103 dB
dynamic range. The circuit also consumes 1.28 mW with 1.8 V power supply.

Key Words: Micro electro mechanical sensor, capacitive interface circuit, CDS noise
reduction technique, CHS noise reduction technique, Switched-capacitor circuit, Sigma-delta
analog to digital converters.
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