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ABSTRACT

Advanced Micro-Mechanical Systems for Audio, Ultrasound, and Nanoscale Science and Technology

Microscale mechanical systems can be key enablers for significant scientific and technological advances when used with
proper insight into the field of application. In this talk, we summarize some of our efforts along these lines in acoustics,
medical ultrasound imaging, and atomic force microscopy (AFM). We first describe an optical sensing technique, when
combined with a novel biomimetic mechanical structure, leads to directional microphones achieving 36 dB(A) noise level with
a 2mmx1mm diaphragm, a significant performance improvement over the state of the art for hearing aid microphones. We
then describe capacitive micromachined ultrasonic transducers (CMUTSs) as an enabling technology for medical imaging in
cardiology. At the level of fundamental transducer design, we demonstrate that CMUTs can achieve both high bandwidth and
high electromechanical coupling coefficient, k> > 0.8 with good dynamic range. This figure exceeds that of single crystal
piezoelectrics, while retaining the advantages of microscale integration. As an example of higher level system integration, we
describe CMUT based imaging arrays to guide interventions in coronary arteries. These 1.2mm diameter arrays operating
around 10MHz are monolithically integrated with CMOS electronics on the same silicon chip. We present volumetric images
obtained with CMUT arrays as ultimate results of this interdisciplinary team effort. As an example of our work in interfacing
micro-mechanical systems with nanoscale and biological systems, we describe the FIRAT probe for AFM. By removing the
undesired dynamic characteristics of the AFM cantilevers, the FIRAT probe provides over 100x improvement in imaging
speed resulting in video-rate AFM imaging. In single molecular mechanics measurements, FIRAT probes reduce the
hydrodynamic drag forces by an order of magnitude, enabling faster pulling experiments on biomolecules. In the final part of
the talk, we discuss future research opportunities based on these advances and our target applications from material science
to nanotechnology enabled medical imaging.
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