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Development of

CMOS-MEMS Capacitive Accelerometers

Student : Yueh-Kang Lee Advisor : Wensyang Hsu
Department of Mechanical Engineering
National Chiao Tung University

Abstract

The study build up the technique of design, fabrication, and the measurement for
CMOS-MEMS capacitive accelerometers by demonstrating two on-going CMOS
process. In the first process, poly-silicon acts as the material of MEMS structure to
reduce the residual stress and to increase the sensing capacitance. Sensitivity of
accelerometers is raised up due to the better overlap areas. In the other process,
Tungsten is used to be the material of structure. Because of the high density of
Tungsten(~19200 kg/m’), it is expected that the higher sensitivity is obtained in the
same die area. The goal of the both two process is to integrate circuit and MEMS
structure and to implement batch fabrication.

Differential-pair sensing of gap-closing type is used in this design to reduce
coupling effect. The way to decide the size of sensing fingers is to optimize the
sensitivity of accelerometers in the constrained die area and to consider the deflection
of sensing fingers. Sensitivity1.96 fF/G and 2.01 fF/G is required in single axis and
two axis respectively. In the process, Poly-MEMS can adjust the residual stress
through the annealing of poly-silicon structure to alter the deflection of sensing
fingers. Metal-MEMS is still not implemented due to the high thin-film stress and the
diminish of adhesion layer in releasing progress.

In the measurement setup, high resolution scope NI5122, piezoelectric actuator,
and the programmable software Lab-View are combined to complete the
accelerometers measuring setup. To prove the availability of the setup, 3axis
accelerometers ADXL330 is on the test, and provides Sensitivity 220 (mV/G), Noise
Floor 176.7 (uG/NHz), and Dynamic Range +/- 2.35 G. Sensitivity and the Dynamic
Range are within deviation 18% compared to the datasheet of ADXL330.
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Table 8.1 Typical Applications for Micromachined Accelerometers

Application Bandwidrh Resolution Dynamic Range
Automotive

Airbag release 0-0.5 kHz <500 mG *+100G
Stability and active 0-0.5 kHz <10 mG +2G
control systems de~1 kHz <10 mG 100G
Active suspension :

Inertial navigation 0-100 Hz <5uG *1G
Seismic activity

Shipping of fragile goods 0-1 kHz <100 mG +1 kG
Space microgravity 0-10 Hz <1 uG *1G
measurements

Medical applications 0-100 Hz <10 mG +100G
(patient monitoring)

Vibration monitoring 1-100 kHz <100 mG +10 kG
Virtual reality (head-mounted  0-100 Hz <1 mG +10G
displays and data gloves)

Smart ammunition 10Hzto 100 kHz 1G *=100 kG
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